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Preface

This edition of Toxicology Letters contains the abstracts of the 54th

EUROTOX Annual Congress, hosted in collaboration with the Belgian
Society of Toxicology and Ecotoxicology (BelTox), in Brussels
(Belgium) from 2 to 5 September 2018. EUROTOX is the federation of
national societies of toxicology in Europe, which together have more
than 7.000 members. In addition, EUROTOX has over 200 individual
members from 50 countries across Europe. The annual EUROTOX
Congress is the most important event in the field of toxicology in
Europe, and one of the most relevant worldwide. It provides a unique
opportunity for the exchange of research information and time to foster
excellence in toxicological science. Continuing Education Courses
(CEC) are held on the first day of the congress, where insights into the
current state of the science of toxicology are presented. In 2018, re-
nowned scientists offered courses on cutting-edge subjects, such as
mixture toxicology, in silico modelling, in vitro models, REACH and
read across, and adverse outcome pathways (AOPs).

The theme of the 54th Congress, ‘Toxicology Out-of-the-Box’, re-
flects the willingness and enthusiasm of the organizing committees to
offer a truly innovative, forward-looking and imaginative scientific
programme. The programme included a number of excellent CEC,
symposia, workshops as well as keynote lectures, all of them featuring
major topics in the field of toxicoloy with respect to research, industry
and regulatory contexts. Lectures from invited speakers included the
consumer perception of toxicology, immunotoxicology, safety of bio-
pharmaceuticals, juvenile toxicology, in vitro and replacement methods

in toxicology, human stems cells in toxicology, nanotoxicology, mi-
tochondrial toxicity air pollution, cardiac toxicity, risk assessment of
carcinogens, and many more. Two scientific sessions were especially
devoted to explore similarities and differences in the fields of toxicology
and ecotoxicology, with the aim of bridging the gaps in concepts and
methods used in both disciplines.

Another highlight of the EUROTOX 2018 Congress was the debate
between EUROTOX and the American Society of Toxicology (SOT).
Since the early 1990s, the EUROTOX annual meeting has included a
debate in which leading toxicologists advocate opposing sides of an
issue of significant toxicological importance. This year, our debaters
addressed the proposition: “Adverse Outcome Pathways are the future
for regulatory toxicology”. In addition to being a featured session at
EUROTOX 2018, this debate also took place (with the same debaters
taking the reverse position) in San Antonio, Texas, during the SOT
Annual Meeting, 11–15 March 2018.

In addition to the contributions of invited speakers, abstracts were
received from all around the world for poster presentations. The poster
presentations also contributed to make EUROTOX 2018 an exceptional
scientific event, through the quality of research and innovation pre-
sented, and by intense scientific discussions and the establishment or
reinforcement of scientific networks.

Special thanks are due to all colleagues and societies for their
contribution of proposals for sessions and in particular to the Scientific
Programme Committee of EUROTOX 2018, chaired by Prof. Heather
Wallace, for the excellence of the sessions and presentations, as well as
for the editorial contributions to this special issue supported by the
2018 Local Scientific Committee, chaired by Prof. Dominique Lison.

We were delighted to welcome the EUROTOX delegates from all
over the world in Brussels and to offer the opportunity to establish and
reinforce scientific networks, to share progress in toxicological sciences,
and to experience the Belgian hospitality.

Dominique Lison, MD, PhD, ERT, EUROTOX 2018 Congress Chair,
Heather Wallace, PhD, ERT, FRCPath, FRSC, FRSB, FBTS, FBPhS,
President Elect, Chair of the Scientific Programme Committee for

EUROTOX 2018

https://doi.org/10.1016/j.toxlet.2018.06.1075
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Continuing Education Courses

CEC 1 – Exposure, hazard and risk assessment of mixtures
of pesticides/chemicals in food using the tools developed
in the EuroMix project

CEC1-01
Case study: Exposure to mixtures of chemicals
in a human study and verification of aggregated
exposure models with real-life data

H. Dirven 1,∗ , M. Andreassen 1, C. Karrer 3, N. von Goetz 4,
A.K. Sakhi 2, T. Husøy 1

1 NIPH, Toxicology and Risk Assessment, Oslo, Norway
2 NIPH, Environmental Exposure and Epidemiology, Oslo, Norway
3 ETH, Institute for Chemical and Bioengineering, Zurich, Switzerland
4 Swiss Federal Office of Public Health, Bern, Switzerland

Exposure of humans to bisphenols is assumed to be widespread
since these chemicals are used in a number of consumer prod-
ucts, and exposure occurs from a vast number of sources and via
several routes. Detailed data on food consumption together with
the use of personal care products (PCPs) and cosmetics is thus
essential for properly assessing the aggregated exposure of the
bisphenols.

To provide a verification platform for aggregated exposure
assessments in the EuroMix project, a biomonitoring study was
performed to obtain real-life human data on food consump-
tion and the use of PCPs. Adult volunteers (n = 144) in Norway
gave detailed reports on food consumption (weight, time point,
type/brand, packaging material) and the PCPs used (type/brand
of product, time and number of applications and number of hand
washes and showers) during two 24-hour study periods separated
by 2–3 weeks. In parallel, 24 h urine was collected and urinary
levels of phenolic compounds (including BPA, BPS, BPF, oxoben-
zone and triclosan) were analysed simultaneously using on-line
column switching ultra-high performance liquid chromatography
and tandem mass spectrometry (UPLC-MS-MS). Concentrations of
bisphenols in foods and PCPs were taken from existing litera-
ture. Exposure estimates will be correlated with concentrations
of bisphenols in urine to verify the aggregated exposure models
developed in EuroMix.

This training session will include a detailed description of the
design and data collection in the human biomonitoring study. Fur-
thermore, exposure to mixtures based on data of the analytical
work performed in urine samples will be presented, as well as the
implementation of data in the web-based tools MCRA and PACEM

and how these are used for exposure estimation of bisphenols from
dietary and non-dietary sources respectively, and in aggregated
exposure estimates.

https://doi.org/10.1016/j.toxlet.2018.06.011

CEC1-02
Risk assessment of chemical mixtures –
Regulatory requirements and current scientific
approaches

R. Solecki

German Federal Institute for Risk Assessment, Department Pesticide
Safety, Berlin, Germany

Hazard and risk assessment of human exposure to mixtures of
chemicals is a big challenge within the regulatory frameworks
and for the harmonisation of scientific approaches. Current legisla-
tive frameworks highlight the need to assess potential combined
effects from exposure to multiple chemicals. However, substantial
differences were identified in the legal requirements for cumula-
tive risk assessment and its implementation between the EU and
non-European countries. Risk assessment under different regula-
tory frameworks should be based on similar principles in order to
avoid significant discrepancies between regulatory silos or coun-
tries. Thus, harmonized and clearly structured frameworks, which
lead risk assessors through the process of a cumulative risk assess-
ment, are required.

While the current scientific approaches represent a broad
application of knowledge and integrated methods to address the
challenges of mixture risk assessment, additional guidance and har-
monised method development could increase transparency and
structure, as well as improve confidence in risk assessment con-
clusions. An integrated test strategy using in vitro and in silico tests
verified for chemical mixtures and more appropriate data on poten-
tial cumulative effects should be combined in a scientific based
weight of evidence approach to account for complexity and to
improve risk assessment.

OECD and EFSA identified the development of harmonised
methodologies for combined exposure to multiple chemicals as a
key priority area and initiated a number of activities. Recently, EFSA
works on a guidance document addressing a harmonised applica-
tion of risk assessment methods for combined exposure to multiple
chemicals to all relevant areas within EFSA’s remit. Contributing to
the further development of internationally harmonised approaches

0378-4274/
TOXLET-10234; No. of Pages 10
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for risk assessment of combined exposures to multiple chemicals
is also the overall goal of the Horizon 2020 project ‘EuroMix’.

https://doi.org/10.1016/j.toxlet.2018.06.012

CEC1-03
Opportunities and pitfalls in risk assessment of
coexposures

H.M. Hollnagel 1,∗ , J. Mehta 2, R. Budinsky 3, N. Vallotton 1

1 Dow Europe GmbH, TERC, Horgen, Switzerland
2 Dow AgroSciences Ldt, HHA, Milton Park, UK
3 The Dow Chemical Company, TERC, Midland, US

Humans and environmental receptors are exposed to a variable
‘cocktail’ of manmade and natural substances daily and through-
out life. However, our risk assessments and regulatory frameworks
approach this situation in a simplistic manner via individual sub-
stances. As a result, tools for risk assessment of coexposures need
to be advanced and applied to investigate if real-life exposures
pose a potential risk and, if so, which exposure situations and
which substance classes may be of concern. At the current state
of the science, the lack of individual exposure information paired
with incomplete data on hazard and mode of action have to be
handled pragmatically to enable risk assessments. This applies
especially for substance classes with less comprehensive regu-
latory data submissions when compared to pesticides, e.g. food
and personal care ingredients and industrial chemicals. Pragmatic
screening approaches to coexposure risk assessment inherently
cumulate conservative assumptions in lieu of accurate information,
and typically result in extremely conservative risk assessment out-
comes. Within pesticide coexposure risk assessments, pragmatic
approaches to refine cumulative assessment groups are necessary,
and the suitability of methods developed for pesticides for other
chemicals will be reviewed. On the exposure assessment side, tem-
poral and spatial variation are challenging to include in models,
starting with the question how to handle non-detects in databases.
Beyond dietary residue assessment, considerations of use types
and exposure scenarios for different product types will be dis-
cussed as opportunities to prioritise substances for coexposure
risk assessment. Communication of assumptions applied, variabil-
ity and (un)certainty will be addressed as tool to foster appropriate
interpretation of risk assessment outcomes by different stakehold-
ers.

https://doi.org/10.1016/j.toxlet.2018.06.013

CEC1-04
Case-study: Real-life dietary exposures to
pesticide and the need for an approach
overarching regulatory sectors

J. van Klaveren

RIVM, VPZ, Bilthoven, Netherlands

This training session will focus on dietary exposure to multiple pes-
ticides. The assumptions made, the data quality and availability for
performing such a combined assessment will be discussed. This
includes: (1) examples on the uncertainties of relative potency fac-
tors (RPFs) used to combine the exposures of individual pesticides,
(2) how to reassure/refine the assumption made on dose-addition
and (3) the impact of mode of action information on grouping pes-
ticides into cumulative assessment groups.

A hands-on training based on the dietary intake module of the
Monte Carlo Risk Assessment (MCRA) software will be given. Mon-
itoring data of pesticides acting via different mode/mechanism of

action, but potential causing the same adverse outcome, will be
used. Participants of the course will be trained on how to judge
for the quality of the input data and how to interpret the exposure
assessment results in terms of a margin of exposure (MoE). In case
the MoE is considered to be too low and the assessment is done
based on conservative data or assumptions, further testing might
be needed and MCRA can be used to set test priorities.

AOP wise testing might provide information on mode of action
and better estimations of RPFs based on benchmark dose modelling.
Apart from pesticides, other chemicals might share an AOP. The
need and possibilities of a combined exposure assessment overar-
ching chemical classes regulated via different EU Directives will be
discussed.

https://doi.org/10.1016/j.toxlet.2018.06.014

CEC1-05
Case-study: Combining dietary and non-dietary
pesticide exposure (hands-on training)

M. Kennedy

Fera, York, UK

The Euromix project has developed efficient methods for expo-
sure and risk assessment for chemical mixtures, able to handle
many compounds and prioritise a relatively small number for
testing. The resulting toolkit is implemented in the Monte Carlo
Risk Assessment (MCRA) software that is freely available online
(mcra8.rivm.nl). An important feature is the ability to estimate the
distribution of aggregate exposures within a population. Aggregate
exposure combines dietary and non-dietary exposure sources per-
individual and may include chemical mixtures from each source.

This training session will introduce the methods used to per-
form the aggregate calculations in the MCRA software. The practical
steps required to generate results will be shown based on 2 worked
examples. Pre-calculated non-dietary exposures, that were gener-
ated from external software BROWSE and BREAM2, will be used.
These represent probabilistic exposure estimates for residents liv-
ing adjacent to arable or orchard crops sprayed with pesticides. UK
scenarios are used in these examples. The data formats required
for non-dietary exposures in general will be explained, so that the
methods can be applied more generally.

An example will be included in which uncertainty is quantified
within the non-dietary exposure source.

For each example, the range of results provided by MCRA will
be explored and interpreted.

https://doi.org/10.1016/j.toxlet.2018.06.015

CEC1-06
Aggregate and cumulative exposure of
bisphenols from food and personal care
products: A hands-on training

C. Karrer 1,∗ , C. Delmaar 2, B. Bokkers 2, K. Hungerbühler 1,
N. von Goetz 1,3

1 Swiss Federal Institute of Technology (ETH), Institute for Chemical
and Bioengineering, Zurich, Switzerland
2 National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands
3 Swiss Federal Office of Public Health, Bern, Switzerland

One goal of the EuroMix project is the provision of exposure
models for different sources in an exposure model toolbox. Among
the models that can be combined for an aggregate assessment
are the Monte Carlo Risk Assessment model (MCRA) for dietary

https://doi.org/10.1016/j.toxlet.2018.06.012
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exposure and the Probabilistic Aggregate Consumer Exposure
Model (PACEM) for exposure to personal care products (PCPs).

PACEM has been programmed in R to derive aggregate consumer
exposure to PCPs in a person-oriented way. Within the EuroMix
project, we have developed a user-friendly interface. PACEM and its
interface are available to exposure assessors upon request. In the
new interface, results can be interpreted in a dynamic way. Expo-
sures estimates can be easily exported in a format that is compatible
to the models within the EuroMix model toolbox.

In this training session, we will use PACEM to model exposure
to two bisphenols from PCPs. We will explore input possibilities for
concentration data and exposure fractions. It will be shown what
kind of results can be generated and how their display can be mod-
ified. As a last step within PACEM, we will export the exposure
estimates for further use into the EuroMix model toolbox.

In the next part of the training, we will work with MCRA and the
EuroMix model toolbox. Dietary concentration and consumption
data will be used to model dietary exposure to the two bisphenols
within MCRA. The dietary exposure and the pre-calculated exter-
nal exposure from PCPs will be integrated with absorption fractions
to yield aggregate internal exposure estimates. Subsequently, rel-
ative potency factors for the two bisphenols will be applied to
estimate the cumulative internal exposure and the related risk. We
will explore model possibilities and results obtained within MCRA
and the EuroMix toolbox. In the end, an outlook will be given how
the assessment could be further refined.

https://doi.org/10.1016/j.toxlet.2018.06.016

CEC 2 – Introduction to benchmark dose modelling using
the PROAST software

CEC2-01
The difference between NOAEL and BMD
approach

W. Slob

RIVM, VZP, Bilthoven, Netherlands

In this first lecture of the CEC on BMD modelling, some of the fun-
damental differences between the NOAEL approach and the BMD
approach will be reviewed. The most essential difference is that
the NOAEL approach in fact considers the question: Is the effect (at
any given dose) zero or nonzero? The problem of this question is
that a zero effect can never be demonstrated. The BMD approach
acknowledges this, and starts from pre-specifying a nonzero effect
size, called the BMR (Benchmark response). Another difference is
that the BMD approach’s perspective is opposite to that of the
NOAEL approach. Instead of aiming to establish the effect at a given
dose, it aims to establish the dose at a given effect. The advantage
of the latter is that the complete dose-response of the compound
can be summarized in one single value, the BMD, which reflects
the relative potency of that compound. As an additional advan-
tage, the BMD is informed by the complete dose-response dataset,
while the NOAEL approach is not. Therefore, the BMD approach is
able to extract more (precise) information from any given dataset
as compared to the NOAEL, and thereby contributes to the optimal
use of animals in toxicity testing, even without any change in study
design. However, once the BMD approach is used, study designs can
be optimized by using more doses (with the same total number of
animals), and this may lead to reduction of animal use.

https://doi.org/10.1016/j.toxlet.2018.06.017

CEC2-02
Introduction to the BMD approach

W. Slob

RIVM, VZP, Bilthoven, Netherlands

This lecture aims to provide a summary of the main concepts and
ideas of the BMD approach, both for continuous and for quantal
data, mainly based on the guidance document published by EFSA
(2017). This includes a discussion of the BMR values recommended
by EFSA, the models that are typically used, the calculation of BMD
confidence intervals and their interpretation, selection of models
and model averaging, and the flowchart that was provided by EFSA
for how to proceed in any particular BMD analysis. Furthermore, the
use of covariates in dose-response analysis will be briefly discussed.
Finally, two examples of dose-response analysis and the derivation
of the BMD confidence interval (including the BMDL) will be shown
to illustrate the approach in real datasets.

https://doi.org/10.1016/j.toxlet.2018.06.018

CEC2-03
EPA and EFSA approaches for benchmark dose
modeling

A. Davis

US Environmental Protection Agency, National Center for
Environmental Assessment, Cincinnati, US

Benchmark dose (BMD) modeling has become the preferred
approach in the analysis of toxicological dose-response data for
the purpose of deriving human health toxicity values. The software
packages most often used are Benchmark Dose Software (BMDS,
developed by EPA) and PROAST (developed by RIVM). In many
ways, both packages are similar, and the resulting BMD confidence
intervals are very similar when the same settings are used. How-
ever, there are a few differences in the practice of BMD modeling
between the United States and European Agencies Additionally, dif-
ferent organizations have released their own technical guidance
documents. This presentation will briefly present the U.S. Environ-
mental Protection Agency’s (EPA) and the European Food Safety
Authority’s (EFSA) technical guidance for modeling dichotomous
and continuous dose-response data. Topics covered will include
the models used, model selection criteria applied, the benchmark
response levels considered, and alternative modeling approaches
(e.g., model averaging). Most importantly, both the differences and
similarities of the two guidance frameworks will be covered, with
a particular focus on the continued efforts by both agencies for the
harmonization of methods.

Disclaimer: The views expressed in this abstract are those of the
authors and do not necessarily represent the views or policies of the
U.S. Environmental Protection Agency.

https://doi.org/10.1016/j.toxlet.2018.06.019

CEC2-04
Presentation of the EFSA WEB app based on
PROAST

J. Cortinas Abrahantes

European Food Safety Authority, Assessment and Methodological
Support, Parma, Italy

The purpose of the presentation is to give a demo of the WEB app
focusing on its overall structure, and its main capabilities. The
demo starts with showing how the data is uploaded and which

https://doi.org/10.1016/j.toxlet.2018.06.016
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data formats are supported. The process of setting up the analysis
will be illustrated, based on a simple set of questions leading the
user intuitively to the analysis of the specific data. Finally, the
demo shows the graphical capabilities implemented in the WEB
app, as well as how a report can be created when the analysis has
been finalized. The WEB app provides a harmonized template for
reporting a BMD analysis. Altogether, the WEB app makes BMD
modelling easier to apply and report.

https://doi.org/10.1016/j.toxlet.2018.06.020

CEC2-05
The EFSA WEB app based on PROAST: data table
generation

B. Bokkers

National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands

Experimental data need to be uploaded into the WEB app to enable
dose-response analysis and BMD modelling with PROAST. The
experimental data need to be organized in a specified way and
saved as text (.txt) file or comma separated value (.csv) file before it
can be uploaded. This lecture will focus on organizing the data. The
requirements of the data headers and the way to enter data of vari-
ous data types (e.g. continuous and quantal data) will be discussed
and illustrated with several examples. In addition, the incorpora-
tion of covariates, such as sex, species, or study number, will be
explained. Finally, it is shown how txt- and csv-files are generated.
Following the presented guidance, the participants should be able
to prepare their experimental data for analysis in the WEB app.

https://doi.org/10.1016/j.toxlet.2018.06.021

CEC2-06
Practical exercises with the EFSA WEB app
based on PROAST: Presentation of case studies
and modelling of provided datasets

P. Bellion

DSM Nutritional Products, Kaiseraugst, Switzerland

In the first lectures of this CEC, an introduction to the BMD method-
ology has been given. Thereafter, the EFSA WEB app based on
PROAST has been introduced. In this last session, participants are
asked to get active themselves. After having started the WEB app on
their own laptops, participants will be provided with examples of
actual cases. These examples shall be processed as demonstrated
and a BMD analysis of the data shall be performed to familiarize
participants with the EFSA WEB app based on PROAST and BMD
modelling. The speakers will be available for support in case of
questions.

Please create an account in advance on https://efsa.
openanalytics.eu/ and bring your laptop!

https://doi.org/10.1016/j.toxlet.2018.06.022

CEC 3 – Application of non-animal (toxico)kinetic
data and tools in risk assessment from basic research to
practice. Supported by European Partnership for Alternative
Approaches to Animal Testing

CEC3-01
Developing TK databases and tools to support
food safety assessment

J.-L.C.M. Dorne 1,∗ , B. Amzal 2, N. Quignot 2, W. Wiecek 3,
C. Bechaux 4, K. Darney 4, A. Grech 5, C. Brochot 5, R. Beaudouin 5,
F. Bois 5, A. Ragas 6, L. Lautz 6, R. Oldenkamp 6, N. Kramer 7,
E. Kasteel 7, E. Testai 8, S. Vichi 8, E. Di Consiglio 8, L. Turco 8,
F. Buratti 8, C. Tebby 5, J. Cortinas-Abrahantes 1, A. Paini 9,
J.C. Madden 10, T. Robinson 1

1 EFSA, Parma, Italy
2 Analytica Laser, Paris, France
3 Analytica Laser, London, UK
4 ANSES, Paris, France
5 INERIS, Paris, France
6 Radboud University, Niemigen, Netherlands
7 University of Utrecht, Utrecht, Netherlands
8 Istituto Superiore di Sanita, Rome, Italy
9 Joint Research Center of the European Commission, Ispra, UK
10 Liverpool John Moores University, Liverpool, UK

In 2014, EFSA reviewed “modern methods for human hazard risk
assessment” and the use of TK data and models in food safety.
Key recommendations highlighted the need for basic TK data,
physiologically-based-models and further improvement of in vitro
methods to investigate TK processes. Of particular relevance are the
data requirements for pre-market authorisation of pesticides (reg-
ulation 283-284/2013) for which comparative in vitro metabolism
(rat) human and in vivo rat TK data are required. As a consequence,
EFSA has been involved in collaborative research to develop TK tools
and databases for food safety in the human health, animal health
and ecological area.

After problem formulation, risk assessors may start at low
tier (e.g. basic information and default values) under time and
resource constraints, or use all data available for a particular
chemical. In this situation, ADME and toxicity information may
allow sound dose response modelling and a full quantitative
assessment.

In a broad context, developing generic tools and databases
allow replacing default values with quantitative metrics for
physiological, TK and toxicity parameters in any data situa-
tion. First, physiological parameters for species of interest are
collected and integrated, within a set of differential equations,
into generic models. These range from allometric scaling, one
compartment model to full physiologically-based TK models
(PB-TK). Third, databases reporting physico-chemical and ADME
properties, TK parameters and bioaccumulation provide input
data to run the models for predicting blood concentrations
or elimination patterns. Applications are illustrated including
modelling interspecies differences in renal elimination using allo-
metric scaling, integrating variability in human metabolism into
generic PB-TK models and development of a modelling plat-
form: TKplate (Wiecek et al., 2018; Darney et al., 2018). Future
perspectives include the development of guidance and case stud-
ies to use TK tools in routine risk assessment and training
programmes.

References
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cal Bayesian meta-analysis of human variability in CYP3A4 metabolism and
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CYP3A4-related uncertainty factors for human risk assessment. Toxicology let-
ters. Abstract and Poster #446.

N. Quignot, W. Wiecek, B. Amzal, J.L. Dorne, 2018. “TKPlate”: a web-based platform
for toxicokinetic modelling in food safety. Toxicology letters. Abstract and Poster
#370.

https://doi.org/10.1016/j.toxlet.2018.06.023

CEC3-02
Incorporating TK data and tools to support
regulatory decision making – from the
perspectives of RIVM

M. Zeilmaker ∗ , S. Fragki, P. Bos, A. Piersma, M. Heringa

National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands

In the EU, the data for a toxicological safety assessment of chemi-
cals need to be produced by the industry and provided to regulatory
agencies or committees for market approval. Industries often work
along a stage-gate model for their innovation process of e.g. new
chemicals. For this in-house safety assessment, non-animal tools
need to fit to such a tiered approach. Safety assessments in a regula-
tory context may serve different purposes, i.e. hazard classification,
derivation of a limit value, or risk characterization of an occurring
exposure. These different types of assessments may also require dif-
ferent types of (toxicokinetic) data and tools. It is therefore needed
to assess what kind of (toxicokinetic) data would be required for
each type of assessment, and hence what tools are needed to gen-
erate these data, when transferring to non-animal approaches for
safety assessments.

A central role is foreseen for a generic PBPK model, among oth-
ers, to translate in vitro hazard data to the in vivo situation. The role
and possibilities of such models are being studied on the basis of
an available generic PBPK tool: IndusChemFate. In vivo rat repro-
ductive toxicity data of three classes of substances of increasing
kinetic complexity (triazoles, glycolethers, phthalates) were trans-
lated to blood concentrations, which were subsequently compared
to in vitro reproductive toxicity data. However, limitations were
also encountered in the availability of in vitro kinetic data and
the applicability of IndusChemFate for ionizing substances such as
phthalates, for transplacental transfer to the foetus, and for renal
clearance of some substances. This showed that while simple tools
are prefered for regulatory purposes, this standard and simple tool
proves to be insufficient. Therefore IndusChemFate has been trans-
ferred into an R code, such that extensions can be made where
necessary. Overall, our experience thus far shows a need for QSARs
or in vitro methods to generate kinetic parameter values, as well
as for generic PBPK modelling tools that allow easy adaptation of
the code or model to specific requirements for specific cases (e.g.
ionization of substances).

https://doi.org/10.1016/j.toxlet.2018.06.024

CEC3-03
Incorporating toxicokinetic data and tools to
support public health decision making

C. Tan

U.S. Environmental Protection Agency, National Exposure Research
Laboratory, Research Triangle Park, US

In order to reduce reliance on resource-intensive animal toxicity
testing that supports human and ecological health risk assess-
ment, public health agencies are relying more on alternative test
methods and strategies to assess risks of injury to health that
arise from exposures to chemical substances. Application of these

non-animal-based risk assessments require reconciling chemical
concentrations sufficient to produce bioactivity, either measured
in an in vitro system or predicted using an in silico approach,
with those at the relevant in vivo target site as a result of expo-
sure to that chemical in the environment. To address such need,
toxicokinetic (TK) consideration can be incorporated in a tiered
manner, depending on the availability of TK data, to evaluate the
potential for a chemical to reach an in vivo target site given its
likely exposure concentrations. In this lecture, a tiered approach is
presented to demonstrate a variety of computational approaches
that can be used to integrate TK considerations with in vitro
dose-response data to support chemical risk assessment. These
approaches include (1) characterizing the potential of a chemical
to reach a target site based on its structure- and/or physicochemi-
cal property-based features; (2) predicting in vivo bioactivity from
likely exposure concentrations using classical TK or physiologi-
cally based TK models that are linked to toxicodynamics models;
and (3) identifying chemicals with potentially active metabolites
using in vitro and in silico tools. This lecture will also include dis-
cussions on how uncertainties regarding TK properties influence
the applications of these tools to support public health decision
making.

Disclaimer: The views expressed in this abstract are those of the
authors and do not represent Agency policy or endorsement.

https://doi.org/10.1016/j.toxlet.2018.06.025

CEC3-04
Using TK data and tools to support regulatory
decision making – from the perspectives of
cosmetic industry

M. Klaric

Cosmetics Europe, Brussels, Belgium

The animal testing and the marketing of products containing ingre-
dients tested on animals are subject to strict bans laid out in the
Cosmetics Regulation. In order to perform a comprehensive safety
assessment, the cosmetics industry must therefore rely on alter-
native methods to assess the suitability of ingredients, combined
with the use of historical data. The estimation of internal expo-
sure of a topically applied chemical from the skin surface across
the skin layers and into the systemic circulation is a key step
in the assessment of potential toxic effects. This assessment is
now based on non-animal methods and on modelling approaches.
In the presentation, we will show examples of how PBPK mod-
elling is used for regulatory purposes and the methodologies that
are currently being developed. Since many cosmetics are applied
on the skin, we have assessed different in silico tools that pre-
dict the skin penetration and compared predictions to measured
in vitro data. Another important application of kinetic data for
safety assessment is the development of the internal threshold
of toxicological concern (TTC) concept, for which literature and
newly generated in vitro ADME and/or in silico data will be inte-
grated via PBPK modeling to convert the external NOEL values
from historical oral pre-clinical toxicity studies to internal plasma
concentrations.

https://doi.org/10.1016/j.toxlet.2018.06.026
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CEC3-05
Predictive Tools and Databases for
Toxicokinetics

J.C. Madden

Liverpool John Moores University, School of Pharmacy and
Biomolecular Sciences, Liverpool, UK

Physiologically-based kinetic (PBK) models are used to esti-
mate internal exposure to chemicals and therefore contribute
to a more realistic prediction of true potential to elicit a
biological response. As such, PBK models are important for
industry and regulators in the pharmaceutical, personal care
product, food safety and other sectors. The models are predi-
cated on the concentration-time curves of chemicals in blood
and organs of interest. In vivo measurement is highly animal
intensive therefore New Approach Methodologies, such as com-
putational models that can leverage existing data, are more
favourable. Predictive tools and data available to support the
development of PBK models have expanded significantly in
recent years, accompanied by a proliferation of measured data
that can be used to validate models. Examples of resources
include the KinPar database (https://eurl-ecvam.jrc.ec.europa.
eu/validation-regulatory-acceptance/toxicokinetics), the online
chemical database with modelling environment (oCHEM; https://
ochem.eu/home/show.do) and the enzyme information system
(www.brenda-enzymes.org/). The QSAR Toolbox (https://www.
qsartoolbox.org/), developed to assist the risk assessment pro-
cess, is particularly noteworthy. The Toolbox serves not only as a
useful resource for the rational grouping of chemicals to enable
read across predictions of activity/toxicity, but also as a significant
repository of relevant databases. There is also a facility to import in-
house databases into the Toolbox to assist analysis. An overview of
data sources available to support the development and validation
of PBK models, their usefulness and reliability will be presented.

https://doi.org/10.1016/j.toxlet.2018.06.027

CEC3-06
RVis: a freely available modelling platform

G.D. Loizou

Health and Safety Laboratory, Health, Buxton, UK

The widespread adoption and application of physiologically based
pharmacokinetic (PBPK) modelling in product development and
safety assessment of chemicals has been hampered by criticism
that these models are data hungry, resource intensive, complex
and require high levels of mathematical expertise and program-
ming skills. The use of PBPK models would be enhanced by the
availability of a user-friendly, transparent and independently
auditable, free-to-use platform for running models and analysing
model structure and output. To address this need an application
called RVis, is being developed using the open source syntax, R.
The motivation for this tool is to provide an intuitive, user-friendly,
freely available modelling platform for biologically based, quan-
titative safety and risk assessment of chemicals that ultimately
would be useful for the full replacement of animal testing. The
latter is an ambitious aim which requires the ability to predict
equivalent human oral, dermal or inhalation target tissue concen-
trations consistent with concentration-response relationships of
xenobiotics determined in alternative to animal systems. The pre-
diction of human in vivo doses from in vitro human cell-line-based
systems requires that the PBPK models are exercised in “reverse
dosimetry” mode. RVis will include a module for this purpose
which will deploy the most appropriate statistical techniques

for dose reconstruction. The general aim of RVis is to shift the
emphasis away from the need for high levels of mathematical
expertise and programming skills to the understanding of the
biology of toxicity and disease underpinning chemical safety and
risk assessment. Such a tool should make this powerful approach
more readily accessible to safety toxicologists and risk assessors.

https://doi.org/10.1016/j.toxlet.2018.06.028

CEC 4 – Organ-specific in vitro modelling:
state-of-the-art

CEC4-01
Liver-based in vitro models for toxicity testing

M. Vinken

Vrije Universiteit Brussel, In vitro Toxicology, Brussels, Belgium

Because of its unique location and function in the organism, the
liver is a frequent target for systemic toxicity. Therefore, a lot of
attention has been paid and is still being paid to the establish-
ment and further optimization of liver-based in vitro models that
can assist in predicting hepatotoxic potential of chemicals. As such,
they can be divided in 2 main classes, namely liver-derived in vitro
models and stem cell-derived in vitro models. The former include
whole isolated perfused livers, liver slices, isolated hepatocytes,
liver cell lines and subcellular liver fractions. These liver-derived
in vitro models will be discussed in the first part of this presen-
tation, including an overview of their advantages, disadvantages
and applications. Focus will be put on primary hepatocytes and
their cultures, which are considered as the gold standard in the
field of liver-based in vitro modelling. In particular, strategies to
increase their longevity and hence to maintain their functional dif-
ferentiated phenotype in culture will be presented. In the second
part of the presentation, a brief overview of stem cell-derived in
vitro models will be provided, namely hepatocyte-like cells differ-
entiated from human adult stem cells or human embryonic stem
cells by exposure to specific cytokines and growth factors as well
as human induced pluripotent stem cells.

https://doi.org/10.1016/j.toxlet.2018.06.029

CEC4-02
Kidney-based in vitro models for toxicity testing

P. Jennings

Vrije Universiteit Amsterdam, Division of Molecular and
Computational Toxicology, Amsterdam Institute for Molecules,
Medicines and Systems, Amsterdam, Netherlands

Each kidney consists of approximately 1 million nephrons at birth.
De novo nephrogenesis does not occur after birth and there is no
strong evidence suggesting that the adult kidney harbours resident
stem cells. Thus, the kidney unlike the liver is not a highly reju-
venative organ, which is most likely an evolutionary compromise
allowing the anatomical complexity required for high function and
the maintenance of the very narrow margins required for whole
body homeostasis. Indeed, the kidney is an extremely accomplished
organ and can carry out 100% of its duties with only a fraction
of the nephrons we are born with. However, we continually lose
nephrons through-out life and will, all things being equal, eventu-
ally breach the renal functional reserve and enter end-stage-renal
disease. Thus, anything that contributes to chronic renal failure has
the potential to seriously curtail life quality and life-span. Aging
populations and associated risk factors such as diabetes and heart
disease, have pushed chronic kidney disease (CKD) incidence to
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unprecedented levels (currently at 10% of the European popula-
tion). Due to the role of the kidney in elimination of waste products,
renal cells, particularly the proximal tubule, will internally pro-
cess the majority of drugs and chemicals, and thus often have
higher concentrations of these compounds than any other cell in
the body. Compounds that injure renal epithelial cells can initi-
ate and/or accelerate CKD. In this lecture, I will discuss the various
human in vitro models employed in in vitro nephrotoxicity testing,
including primary cells, cell lines and induced pluripotent stem cell
models.

https://doi.org/10.1016/j.toxlet.2018.06.030

CEC4-03
Lung-based in vitro models for toxicity testing

S. Constant

Epithelix, Plan-les-Ouates, Switzerland

The main function of the human airway epithelium is to generate
sterile atmosphere in the alveolar region where the gas exchange
occurs. As the first line of defence against airborne pathogens,
the airway epithelium acts as key barrier through mucociliary
clearance and innate immune defence mechanisms. Airway epithe-
lium is also an important immuno-regulator through production
of key messengers and physical interactions with immune cells.
Upon activation, respiratory epithelial cells react by producing pro-
inflammatory cytokines, chemokines and metalloproteinases to
recruit and activate immune cells such as neutrophils, basophils,
or to initiate the adaptive immunity via dendritic cells. Interest in
the use of 3D reconstituted human in vitro tissues (ALI cultures)
is increasing in recent years for the study of respiratory diseases
such as Asthma, Chronic Obstructive Pulmonary Disease (COPD),
Bacterial and viral infections, etc.

Genetic and epigenetic diversity in ALIs with single donors allow
stratification and patient specific profiling in toxicology and drug
testing. On the other hand, ALIs generated with a mixture of cells
from several individuals give a snapshot of global reaction of a small
population when exposed to a chemical compound.

This talk will describe the in vitro upper and lower respiratory
tract models currently available to simulate the human lung epithe-
lial tissue barrier. Several applications of in vitro reconstituted
ALI models in inhalation toxicity assessment will be discussed:
(i) acute, long-term and chronic testing strategies including static
or dynamic exposures; (ii) mucosal inflammation assessment;
(iii) trans-epithelial permeability of xenobiotics; (iv) impact on
mucociliary clearance and (v) goblet cell hyperplasia monitoring.

https://doi.org/10.1016/j.toxlet.2018.06.031

CEC4-04
Stem cell-based in vitro models: state-of-the-art
tools to predict drug-induced tissue injury in
humans

J. De Kock

Vrije Universiteit Brussel, In Vitro Toxicology, Jette, Belgium

The fact that the detection of drug toxicity is often not accurate and
frequently occurs only late during the drug development process is
of major concern for the pharmaceutical industry and jeopardizes
the potential marketing of new chemical entities. Besides affect-
ing human health, this also leads to a significant loss of resources
and time for the pharmaceutical industry. One of the major rea-
sons for this failure is that the safety of new potential drugs is still
evaluated in animals or animal-based cell lines. However, efforts

at improving the predictability of drug-induced tissue injury in
humans are rising due to the rapidly advancing field of human
stem cell research. Human target cells for screening and assess-
ment of adverse drug effects in humans can now be generated
using pluripotent and multipotent stem cells as detailed in vitro
differentiation protocols are established for almost all cell (sub)
types. The introduction of state-of-the-art gene editing tools such
as CRISPR/Cas9 in stem cell research provides a technology plat-
form to mimic specific genetic polymorphisms or diseases in a dish.
In addition, stem cell-based in vitro models can be used to evalu-
ate adverse drug effects during the differentiation process thereby
mimicking human developmental toxicity. The latter provides a
major advantage over any other non-stem cell-based model. Ulti-
mately, it will be possible to develop personalized toxicology to
determine inter-individual susceptibility to adverse drug reactions
at any stage of development and in health and disease.

https://doi.org/10.1016/j.toxlet.2018.06.032

CEC4-05
Three-dimensional models for in vitro toxicity
testing

A.C. Gutleb

LIST, ERIN, Belvaux, Luxembourg

Complex 3D in vitro coculture systems are valuable tools to study
biological processes at biological barriers or in a tissue in 3D orien-
tation in a more realistic way than in the classic mono-cell type and
mono-layer systems. Such 3D systems allow for example direct cell-
cell interaction, may allow for cell migration, etc. that all may affect
cellular responses. Existing 3D in vitro cocultre models have been
established based on stemcells, primary cells and cell lines using
transwell inserts or 2D and 3D scaffolds that again influence the
biological responses. Overall such models are expected to provide
responses more closely resembling effects observable in vivo. In
combination with modern systems biology approaches 3D in vitro
co-culture systems are the next step to further replace in vivo
experiments for example in drug development, hazard assessment
and mechanistical toxicity studies as these models allow to follow
transport across barriers, cell-cell communication but also to study
indirect exposure effects.

https://doi.org/10.1016/j.toxlet.2018.06.033

CEC4-06
Beyond the Chip: Development and application
of a micro-physiological flux analyzer

Y. Nahmias2,1

1 Tissue Dynamics, Jerusalem, Israel
2 The Hebrew University of Jerusalem, Bioengineering, Jerusalem,
Israel

Organ-on-chip technology aims to replace animal toxicity testing,
but thus far demonstrated few advantages over traditional meth-
ods. Current methods to evaluate toxicity rely on end-point assays
measuring tissue damage and cell death, resulting in limited kinetic
and mechanistic information. We present the Tissue Dynamics
platform capable of maintaining vascularized 3D liver, cardiac, and
neural tissues for over a month in vitro. Tissues acquire physiologi-
cal structure, physiological activity and show complex metabolic
zonation. Tissue-embedded metabolic sensors for oxygen, glu-
cose, lactate and glutamine permit the real-time quantification of
intracellular fluxes and tissue level function. Change in metabolic
function is the first indication of physiological stress, preceding any

https://doi.org/10.1016/j.toxlet.2018.06.030
https://doi.org/10.1016/j.toxlet.2018.06.031
https://doi.org/10.1016/j.toxlet.2018.06.032
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detectable damage. Using the Tissue Dynamics platform, we show
a new CYP450-idependent mechanism of acetaminophen toxicity
that may be responsible for clinically observed nephrotoxicity. We
also show that troglitazone, a drug withdrawn from the market
due to idiosyncratic toxicity, induces harmful metabolic changes at
below the observed threshold for toxic damage. These metabolic
changes may underlie troglitazone’s observed idiosyncratic tox-
icity. More recently, we studied the dynamics of human liver
response to the epilepsy drug valproate. Our platform demonstated
a rapid disruption of metabolic homeostasis below the threshold of
cellular damage, and an increase in lipogenesis rather than distrup-
tion of beta-oxidation. Our work marks the importance of tracing
function in real-time, demonstrating specific advantages in pred-
icative toxicology.

https://doi.org/10.1016/j.toxlet.2018.06.034

CEC 5 – Read-across in REACH and its assessment

CEC5-01
Read-across in REACH and the read-across
assessment framework (RAAF)

A. Kovari ∗ , N. Andersson, D. Bell, G. Cartlidge, N. Fedtke, A. Kojo,
P. Papadaki, E. Stilgenbauer, F. Temussi

ECHA, Helsinki, Finland

In principle, read-across is a technique for predicting a property
or endpoint information for one substance, by using data from the
same property/endpoint from (an)other substance(s).

The interpretation and use of grouping and read-across
approach may differ depending on the regulatory context in which
it is used.

Under REACH, a data gap can be filled by read-across within a
group of structurally similar substances under the conditions set
out in the requirements of Annex XI, section 1.5 of the REACH Reg-
ulation. It is to be noted that structural similarity is a pre-requisite
for any grouping and read-across approach under REACH.

Based on the most frequently applied read-across approaches
observed in REACH registration dossiers, ECHA developed the RAAF
as an internal tool to enhance the assessment of such cases.

The RAAF highlights the critical scientific elements to be
addressed when assessing predictions based on read-across in the
context of the REACH. The assessment of read-across approaches
following the RAAF is conducted through the use of scenarios,
assessment elements (AE) and assessment options (AO).

The appropriate scenario is to be selected based on three
key principles: (i) type of approach applied (analogue vs
category approach), (ii) the type of read-across hypothesis
((bio)transformation to common compound(s) vs different com-
pounds having the same type of effect(s)) and (iii) the type of
prediction (similar vs difference in potency).

Each scenario comprises a series of dedicated AE, representing
crucial scientific aspects which need to be addressed. To conclude
on the adequacy and scientific robustness of the information pro-
vided in the dossier for each AE under consideration one of a
predefined set of assessment options needs to be selected.

The final outcome of the read-across assessment is established
on the basis of the conclusions derived for all of the AEs.

https://doi.org/10.1016/j.toxlet.2018.06.035

CEC5-02
Scientific considerations for assessing
read-across between multi-constituent or UVCB
substances

E. Stilgenbauer ∗ , N. Andersson, D. Bell, G. Cartlidge, N. Fedtke,
A. Kojo, A. Kovari, P. Papadaki, F. Temussi

European Chemicals Agency, Helsinki, Finland

According to Annex XI, Section 1.5 of the REACH Regulation,
structural similarity between substances is a pre-requisite for
adaptations of information requirements based on grouping of sub-
stances and read-across. A substance registered under REACH may
comprise a set of chemical structures corresponding to different
constituents, impurities, i.e. not only one relevant chemical struc-
ture is present. By definition, the composition of multi-constituent
substances and “substances of unknown or variable composi-
tion, complex reaction products or biological materials” (UVCBs)
includes more than one and up to many relevant chemical struc-
tures.

Whilst the Read-Across Assessment Framework (RAAF) was
developed for mono- constituent substances, its principles may
also be applied when assessing read-across approaches involving
multi-constituent substances and UVCBs. However, the assessment
of such adaptations requires additional considerations on some sci-
entific aspects in order to ensure that all the constituents of the
substances are taken into account in the prediction.

As a consequence of the increasing complexity of the com-
position of the substances, a comprehensive characterisation of
the identity and composition of the substances is essential for a
sound read-across approach. Detailed information on the compo-
sition of source substance and the test material used to perform
the source studies is also needed to establish their relation to the
target substance in terms of grouping and predictions. The allowed
quantitative variations in the concentrations of the different con-
stituents, the impact of combined exposure to several constituents
also constitute relevant considerations.

As for read-across approaches on mono-constituents, support-
ing information is required to increase the robustness of the
read-across hypothesis. Bridging studies, i.e. comparable studies
on the source and target substance, may constitute precious sup-
porting information in demonstrating that substances have similar
properties for a particular endpoint.

https://doi.org/10.1016/j.toxlet.2018.06.036

CEC5-03
Scientific issues that need to be addressed for a
successful read-across prediction

M.T.D. Cronin

Liverpool John Moores University, Liverpool, UK

The acceptance of a prediction or assessment of toxicological haz-
ard using read-across is dependent on a number of definable issues.
The development of case studies for read-across, as well as the
retrospective analysis of regulatory dossiers, has informed the def-
inition of issues to be addressed. It is clear that current read-across
comprises many different approaches ranging from a simplistic
consideration of structural based analogues, to larger mechanis-
tically derived groups and automated approaches to similarity
assessment. Whilst appearing to be trivial, the initial challenge
for a successful read-across is to utilise the correct approach, or
combination of approaches, on the basis of the endpoint required,
regulatory context and data available to read-across from. At the
outset, to achieve successful read-across the chemical structure

https://doi.org/10.1016/j.toxlet.2018.06.034
https://doi.org/10.1016/j.toxlet.2018.06.035
https://doi.org/10.1016/j.toxlet.2018.06.036
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must be defined and correctly described. Once chemistry is defined
the correct similarity metric must be applied and appropriate ana-
logues selected, this relies on expert judgement as well as the
practicalities of the available data. Whilst a large group of analogues
may appear desirable, this will add to the complexity of the justi-
fication of read-across. To assist with read-across justification, the
definition of the uncertainties is required followed by their assess-
ment and relationship to the confidence that can be placed on the
read-across. Once defined, further information – ideally from New
Approach Methodologies (NAMs) – can be sought in an attempt
to reduce the uncertainties. The addition of further information
may form a Weight of Evidence (WoE) that gives confidence to the
prediction. Justification and interpretation of mechanistic informa-
tion, e.g. using NAMs from Tox21/ToxCast data, has the potential
to assist in the plausibility that may be associated with read-across
hypothesis. Understanding the issues required for successful read-
across prediction, and how they can be supported scientifically, will
improve the overall quality of the assessment and the likelihood of
its acceptance for the intended purpose.

https://doi.org/10.1016/j.toxlet.2018.06.037

CEC5-04
Use of new approach methods to support
chemical read-across: the EU-ToxRisk
experience

B. van de Water 1,∗ , H. Kamp 2, S. Escher 3, D. Kroese 4

1 Leiden University, LACDR, Leiden, Netherlands
2 BASF, Ludwigshafen, Germany
3 Fraunhofer, Item, Hannover, Germany
4 TNO, Zeist, Netherlands

The large-scale EU-ToxRisk project is an integrated European ‘flag-
ship’ program with the vision to establish a paradigm-shift in
toxicity testing and risk assessment for the 21st century by imple-
menting mechanism-based integrated testing strategies using
non-animal new approach methods (NAMs). To accomplish this
the EU-ToxRisk project has united all relevant scientific disciplines
covering in silico QSAR modelling, cellular toxicology, bioinformat-
ics and PBPK modelling. We test the integration of the different
NAMs in various case studies, ultimately establishing: (i) pragmatic,
read-across procedures incorporating mechanistic and toxicoki-
netic knowledge; and (ii) ab initio hazard and risk assessment
strategies of chemicals with little background information. Here we
report on the results of several EU-ToxRisk read across case stud-
ies that are focused on repeated dose systemic toxicity (RDT) as
well as developmental/reproduction toxicity (DART). The integra-
tion of the various NAMs in defined read across case studies allows
the assessment of the overall applicability domain and contribu-
tion of these NAMs in read across approaches chemical hazard and
ultimate risk assessment. Case studies are centred around several
chemical groups with structural similarity and related to specific
in vivo toxicity endpoints e.g. (i) microvesicular liver steatosis
induced by valproic acid analogues; (ii) the prediction of terato-
genic effects of valproic acid analogues; (iii) lung toxicity induced
by diketones. The results established by our NAM toolbox indicate
that structural similar compounds which show equal in vivo rodent
toxicity also demonstrate similar responses in experimental sys-
tems in vitro. Therefore we propose that the application of NAMs
can provide biological support for read across. Further challenges
will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.038

CEC5-05
Key issues for successful read-across – a user’s
guide

N.S. Ball

The Dow Chemical Company, Toxicology, Environment, Research and
Consulting, Horgen, Switzerland

In the early days of REACH, the use of read-across as a data gap
filling technique when preparing a registration dossier for a chem-
ical was often seen as a quick, cost effective way of addressing data
gaps while avoiding the need for additional studies; some of which
may involve the use of animals. Pre-existing category justifications
developed for programs such as the OECD or EPA High Produc-
tion Volume chemical assessment programs were typically used
without modification or supplementation with additional infor-
mation. In some cases, justifications for read-across were limited
to a few sentences in the summary for each endpoint. Over the
past 8-9 years it has become clear that when using read-across
in a registration dossier there are high expectations from evalua-
tors regarding the quality and validity of the scientific justification,
the quality of studies being read-across and the value/relevance of
additional supporting evidence. Consequently many pre-existing
category justifications and analogue approaches have failed to meet
the expectations leading to refinements or requests for additional
toxicity studies. Over the same time period both the regulatory
and industry scientists have also been on a learning curve, leading
in many cases to a shared understanding of what is an adequate
justification, what uncertainty is acceptable, and what supporting
information is of most utility. This presentation will illustrate this
learning curve with some examples, identifying some of the key
issues to address in order to have a robust read-across justification
and identify when you may need more supporting data.

https://doi.org/10.1016/j.toxlet.2018.06.039

CEC 6 – Creating quantitative Adverse Outcome Pathways
(AOPs). Organized and supported by OECD

CEC6-01
The OECD framework for AOP Development and
the supporting tools

A. Gourmelon

Organisation for Economic Cooperation and Development,
Environment Directorate- Environment, Health and Safety Division,
Paris, France

The Adverse Outcome Pathway (AOP) framework was introduced
to facilitate the gathering of mechanistic understanding of complex
biological systems and pathways of toxicity that are responsible
for adverse outcomes relevant to regulatory endpoints. The AOP
Development Programme was launched at OECD in 2012 and aims
to capture and structure available scientific knowledge on causal
relationships linking interactions of chemicals with molecular
biological target(s) to an adverse outcome through a sequential
series of key events (KEs) at various levels of biological organisation
(i.e., cellular, tissue and/or organ and individual and/or popula-
tion level). Initially, the whole AOP development endeavour has
focused on a learning-by-doing approach, aiming to increase public
awareness on AOPs and produce some initial content for the AOP-
Knowledge Base (AOP-KB). Since then the AOP development has
significantly advanced, and guidance, a users’ handbook and train-
ing material relevant to AOP development have been developed
and published. This presentation highlights the main mile-
stones achieved since the launch of the OECD AOP Development

https://doi.org/10.1016/j.toxlet.2018.06.037
https://doi.org/10.1016/j.toxlet.2018.06.038
https://doi.org/10.1016/j.toxlet.2018.06.039
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Programme and introduces AOP-related conventions and best
practices in building AOPs, on the basis of agreed principles. AOPs
can be developed in a modular way and parts can be shared by
multiple AOPs on the AOP-KB to facilitate the creation of networks.
The participants will hear about aspects to take into account when
starting to map out an AOP, including the number of KEs, the
naming and creation of KEs. Emphasis will be made on linkages
between KEs, the so-called key event relationships (KERs). Finally,
the audience will be informed about noteworthy parts of the guid-
ance document and users’ handbook that guide AOP development
and assessment, including their regulatory application.

https://doi.org/10.1016/j.toxlet.2018.06.040

CEC6-02
Introduction to Effectopedia: a platform for
creating quantitative Adverse Outcome
Pathways

M. Sachana

Organisation for Economic Cooperation and Development (OECD),
Environment Health and Safety, Paris, France

Effectopedia is a collaborative research platform designed to
facilitate the interdisciplinary efforts for delineating quantitative
Adverse Outcome Pathways (qAOPs) in an encyclopaedic manner
with greater predictive power. AOPs describe the causal linkages in
a stressor (e.g., chemical) induced cascade of biological responses,
across different levels of biological organisation, leading to an
adverse health outcome over time.

Effectopedia provides graphical user interface for building AOP
diagrams in a structured space representing selected aspects of the
biological context (like level of biological organisation, life stage,
time) and the participants will hear how to download and run
Effectopedia for the first time.

An important principle of AOP development within the AOP-
KB is their description in a modular fashion that allows sharing
of elements between AOPs and for this purpose special focus will
be given to explain how to search and explore existing content in
Effectopedia.

A step-by step approach will be introduced to facilitate under-
standing how to create a qAOP using the Effectopedia interface and
the participants will have the opportunity to build an qAOP using
a case example. All actions will be shown on the main screen and
participants will be invited to follow the steps on their own laptops.
Example files and links to the newest Effectopedia version will be
provided prior the training sessions.

Participants will obtain knowledge on how to use Effectopedia,
as a tool for organising existing knowledge and create qAOPs. Par-
ticipants in this part of the training course are expected to learn
how to use Effectopedia to search and analyse qAOP information.

https://doi.org/10.1016/j.toxlet.2018.06.041

CEC6-03
Creating Quantitative Adverse Outcome
Pathways with Effectopedia

H.T. Aladjov 1,2

1 OECD, ENV/EHS, Paris, France
2 Technology Gardens Ltd, Sofia, Bulgaria

Effectopedia is online collaborative platform dictated to the devel-
opment of quantitative Adverse Outcome Pathways (qAOPs).
The goal of qAOPs is to describe quantitatively the causal link-
ages in a stressor induced cascade of biological responses, across
different levels of biological organisation, leading to an adverse
outcome over time. Such linking allows measurement of upstream
key events (KE) to be used for the estimation of the downstream
KE responses.

Effectopedia provides a graphic user interface for building the
pathway diagram and establishing the connections and order of
the pathway elements in their biological context. Test methods
can be included in the diagram, representing different mea-
surement/estimation techniques. Test methods describe how the
evidences were obtained and are considered as a first step toward
AOP quantification. Instructions on how to add test methods will
be presented and participants will be invited to follow the steps on
their own laptops. In a second step sample dose-response data for
a chemical stressor will be added in the test methods associated
with two sequential KE. Then these dose-response curves will be
used for deriving response-response correlation for the key event
relationship (KER) between the two sequential KE. These steps
assume that the two test methods are part of a study measuring
the same stressor under the same experimental conditions. In many
cases KE are not measured directly but rather some quantitatively
related phenomena like intensity of bioluminescence, isotope ratio,
and so on. Test response mapping elements provides structure
where the conversion between the actual measured phenomena
and in vivo KE responses can be described. Simple test response
transformation will be added to examine its effect on the derived
response-response relationship.

The last element of the training will explain the basics on
embedding quantitative models using different programming lan-
guages. This requires the language R, MATLAB to be installed (and
setup in the case of R). Additional instructions and assistance will
be provided for the participants prior to training. Finally, even if no
programming environments are configured it will be demonstrated
how to create calculation request and load pre-calculated results
of model executions.

https://doi.org/10.1016/j.toxlet.2018.06.042
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Keynote Lecture 1 supported by Elsevier
K01 – Consumer toxicology: Natural is good,
synthetic is bad

M. Siegrist

ETH Zurich, Institute for Environmental Decisions, Zurich,
Switzerland

It has been suggested that people rely on two different cognitive
systems when making decisions, namely the experiential and the
analytic systems. The analytic system is slow and requires elabo-
rated processing of information, whereas the experiential system
allows people to make quick decisions. Toxicologists use their
analytic system in order to conduct risk assessments. However,
as lay toxicologists, consumers instead rely on simple heuristics.
In daily life, heuristics often result in good or at least acceptable
decisions. Yet, when it comes to toxicological questions, the use
of heuristics may lead to biased decisions. One simple heuristic
known to cause biased decisions is the naturalness heuristic.
Based on this heuristic, people assume that they need to be less
concerned about natural hazards than human-made hazards, while
natural products are considered to be healthier when compared
with synthetic products. Based on various experiments, I will
demonstrate how lay toxicologists arrive at incorrect conclusions
due to relying on such simple heuristics. I will also show how
such heuristics result in different risk perceptions on the part of
experts and laypeople. The findings presented in my talk may help
to better explain why experts and laypeople often differ in their
assessments of food hazards. Finally, I will present the results of
an experimental study that showed how the sensory perception
of a substance that laypeople rarely perceive to be toxic (i.e., wine)
can easily be influenced by the provision of information.

https://doi.org/10.1016/j.toxlet.2018.06.1077

Keynote Lecture 2 supported by Elsevier
K02 – Nrf2 and its future

M. Yamamoto

Tohoku University Tohoku Medical Megabank Organization, Sendai,
Japan

Our body has an ability to sense environmental insults, including
oxidative stress, and activate cellular defense enzymes. Tran-
scription factor Nrf2 is essential for the coordinated induction of

cellular defense enzymes and protection of tissues. This notion has
been supported by the experiments with animal models, showing
that Nrf2-null mice and rats are sensitive to a wide variety of
toxic electrophiles and reactive oxygen species (ROS). We found
Keap1 that acts as a subunit of ubiquitin-E3 ligase and degrades
Nrf2 constitutively, and also acts as a sensor for oxidative and
electrophilic (toxic chemical) stresses. Covalent modifications of
the cysteine residues of Keap1 abrogate the ubiquitin ligase activity
and stabilize Nrf2. We have been referring this system to as the
Floodgate system. The Cysteine Code and the Two-site Recognition
/ Hinge-and-Latch model have been proposed for molecular basis
of the Keap1-Nrf2 system. Disruption of the Two-site Recognition
model explains the mechanism of nuclear accumulation of Nrf2
in a Cul3-Keap1 E3 ubiquitin ligase-dependent manner. We have
verified this model through structure biology, mouse genetics,
and human disease analyses. These analyses provide solid basis
for the development of drugs that induce Nrf2. In fact, genetic as
well as pharmacological induction of Nrf2 nicely protect tissues
from oxidative injury. Nrf2 inducers are now actively developed
for kidney diseases, neurodegenerative disorders and many more
diseases. Meanwhile, many somatic missense mutations have
been identified in KEAP1 and NRF2 genes of human cancers. These
mutations disrupt the Keap1-Nrf2 complex and result in consti-
tutive activation of Nrf2, and elevated expression of Nrf2 target
genes confers advantages on the growth of cancer cells through
the metabolic reprogramming and induction of cellular defense
enzymes. These cancer cells are referred to as “the NRF2-addicted
cancers”. We need NRF2 inhibitors for the efficient treatment
of the NRF2-addicted cancers. The Keap1-Nrf2 system opens a
new avenue to the understanding of the regulatory processes
underlying the stress response and cancer progression, and to the
development of new drugs and therapies.

https://doi.org/10.1016/j.toxlet.2018.06.1078
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SOT Debater: Daniel Villeneuve, US EPA, Duluth, MN
Each year, EUROTOX and SOT at their respective Annual Meet-

ings debate an aspect of toxicology that is considered a topic of
special toxicological significance. The debate has been a traditional
annual event from the early 1990s. This year, the debaters the
motion is “Adverse Outcome Pathways Are the Future for Regula-
tory Toxicology.”

Following the recommendations of the 1997 National Academy
of Sciences Report Toxicity Testing in the 21st Century, A Vision and
Strategy, there has been considerable effort in identifying and char-
acterizing toxicity pathways, i.e., biological pathways with which
environmental stressors interact, resulting in an adverse outcome.
The toxicity pathway concept was expanded from a focus on indi-
vidual, human toxicity to adverse impacts on populations and
ecosystems with the landmark paper by Ankley et al. (Environ Tox-
icol Chem 29:730–740, 2010) in which the term adverse outcome
pathway (AOP) was coined and defined as “a [chemically agnostic]
conceptual construct that portrays existing knowledge concern-
ing the linkage between a direct molecular initiating event and
an adverse outcome at a biological level of organization relevant
to risk assessment.” Since then, there have been several work-
shops and studies expanding and refining the AOP framework
such that it now encompasses signalling networks and repre-
sents a framework for organizing and presenting data gathered
using multiple approaches. In a joint effort between the US Envi-
ronmental Protection Agency (US EPA) and the Organisation for
Economic Co-operation and Development (OECD), an AOP knowl-
edge base is being developed. Although the AOP framework has
seen widespread acceptance within the environmental sciences,
the use of the framework as a risk assessment and decision-making
tool is less apparent. The debaters will discuss the state of AOP sci-
ence and whether the AOP concept is simply a research tool or truly
represents a framework that will serve as the basis for most future
regulatory decision making.

Regardless of their personal convictions, each scientific debator
will present relevant evidence and compelling scientific arguments
to persuade and appeal to the audience in order to obtain the
approval or refusal of the motion. The first debate took place in
San Antonio at the SOT Annual Meeting.

https://doi.org/10.1016/j.toxlet.2018.06.1079

Keynote Lecture Bo Holmstedt Memorial Fund
K03 – Metabolism, Inflammation and Cancer

N.J. Gooderham

Imperial College London, Surgery and Cancer, London, UK

Publication of Detoxication Mechanisms (R. Tecwyn Williams, 1947)
established the discipline of drug metabolism as a pillar of tox-
icology and chemical carcinogenesis. In exploring the role of
metabolism in carcinogenesis, we initiated studies on metabolism
of food derived heterocyclic amines (HA) and their potential
role in diet-associated human cancer. We found that HAs are
metabolically activated via amine oxidation, catalysed by CYP1
enzymes then esterification. The food-derived HA, 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine (PhIP), determined to be
genotoxic and potently estrogenic, emerged as a strong candidate
for involvement in diet-associated cancer. The hypothesis that HAs
contributed to colorectal cancer was examined in a case-control
study. The data failed to support the hypothesis, but characterised
the inflammation phenotype of colorectal tumour tissue (COX2,
IL-1b, IL-6, NF-kB and IKK-a). An inflammation-cancer association
was first reported more than a century ago and inflammation was
shown to reduce CYP-mediated metabolism 40 years ago. Yet in our

clinical samples, although tumour CYP expression differed to that
of adjacent normal tissue, there was selective induction of CYP1B1
and 2E1. Turning to mechanistic studies, we confirmed that IL6
treatment induced CYP1B1 and CYP2E1; that IL6-mediated CYP2E1
regulation occurred via STAT3 and CYP1B1 elevation via down-
regulation of microRNA miR27b. Thus inflammation at colonic
neoplastic tissue alters metabolic competency by manipulating
CYP2E1 and CYP1B1 expression through transcriptional and epi-
genetic mechanisms. We hypothesised that this could increase
metabolic activation and DNA damage, and showed that the dietary
carcinogens benzo[a]pyrene (BaP) and PhIP induced genotoxicity
that was enhanced by IL6. Tumours are infiltrated by stromal cell
types which interact with malignant cells. This microenvironment
is thought to be regulated by the tumour to promote survival and
progression. We showed that IL6 secreted by immune cells not only
increases selective metabolic competency, but also promotes colo-
rectal cancer cell invasiveness and secretion of microRNAs such
as miR21 and miR29b. In turn, these microRNAs induce immune
cell IL6 production and release miR21 into the microenvironment.
Thus cancer and immune cells communicate via IL6 and miRNAs to
sustain chronic inflammation, promote selective metabolic com-
petency and pro-metastatic cancer cell behaviour. These findings
identify key players that metabolically empower colon cancer cells
and mediate intercellular communication and offer therapeutic
opportunities to target the cancer microenvironment.

https://doi.org/10.1016/j.toxlet.2018.06.1080

SOT Merit Award Lecture
S – Cell proliferation and carcinogenesis: bad
luck and the environment

S.M. Cohen

University of Nebraska Medical Center, Department of Pathology and
Microbiology, Omaha, US

Cancer develops because of multiple permanent genetic errors aris-
ing in a single stem cell, a clonal disease. Every time DNA replicates,
spontaneous mistakes can occur. Thus, the risk of cancer can be
increased by either directly damaging DNA each time it replicates
(DNA reactive) or increasing the number of DNA replications (cell
proliferation), or both. Some have indicated that the “spontaneous”
errors that occur during DNA replication are the basis for cancer
being due to “bad luck”, and are the cause of most cancers. However,
it is well-known that numerous environmental factors can increase
the risk of cancer. This dilemma is readily resolved by realizing that
the number of stem cells and the rate of their proliferation can be
markedly influenced by the environment.

Over the course of more than a 50 year career in carcinogenesis
research, I have been actively involved in research on DNA reactive
carcinogens (nitrofurans, aromatic amines, nitrosamines) and non-
DNA reactive carcinogens (saccharin, PPAR� agonists, arsenicals,
others).

Based on the fundamentals of carcinogenesis, a mode of action
(MOA) approach, and the accumulated knowledge of carcino-
genesis in animals and humans, carcinogenic risk can be readily
evaluated today without utilizing the two-year bioassay.

https://doi.org/10.1016/j.toxlet.2018.06.1081

https://doi.org/10.1016/j.toxlet.2018.06.1079
https://doi.org/10.1016/j.toxlet.2018.06.1080
https://doi.org/10.1016/j.toxlet.2018.06.1081


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 3

Keynote Lecture 4 supported by TEAM Mastery
K04 – Drug discovery: if you want to see
different results do things differently

R.A. Roberts 1,2

1 ApconiX, Alderley Edge, UK
2 University of Birmingham, Birmingham, UK

Safety signals remain a significant cause of attrition, leading to loss
of competitiveness, delays and increased costs. Ruth will present
lessons learned from >20 years’ experience in the pharmaceutical
industry focusing on attrition, prediction and the challenges posed
by nonclinical to clinical concordance. Rather than building the
battery of early in vitro and in vivo screens that could be carried out
in discovery, it makes more sense to focus on safety endpoints with
a high likelihood of clinical relevance such as genetic toxicology,
reactive intermediates and a simple assessment of cytotoxicity.
One of the most ‘translatable’ preclinical screens is hERG, an ion
channel associated with a fatal arrhythmia known as Torsades de
Pointes and great progress has been made in reducing attrition due
to cardiovascular liability with the advent of hERG screening. Now,
this cardiovascular testing paradigm is evolving with the advent
of CIPA (comprehensive pro-arrhythmia assessment), an FDA-led
initiative which analyses 7 ion channels coupled to in silico recon-
structions of cellular cardiac electrophysiologic activity, verified
in human-derived cardiac myocytes. Overall, these assays allow
chemical liabilities should be eliminated early in discovery while
there are still options in chemistry. Equally important is a thorough
understanding of potential target-related risks and their likelihood
of occurrence. The triple challenge of attrition, concordance and

the 3Rs should drive us to take a longer term, strategic approach
to drug discovery and safety testing. New technologies such as
microphysiological systems (MPS), artificial intelligence and big
data all offer opportunities to do things differently. But are we
ready for change? These issues and potential solutions will be
presented for discussion.

https://doi.org/10.1016/j.toxlet.2018.06.1082

HESI CITE Lecture
H – Big data for biologists: A maths in medicine
case study

M. Nandi

King’s College London, London, UK

This is an interdisciplinary project combining maths and medicine
Dr Nandi has been working with a mathematician to maximise
the use of blood pressure data obtained by techniques such as
radiotelemetry. By plotting the blood pressure waveform data in 3D
space (attractor reconstruction) we are able to extract more infor-
mation from the signal beyond systolic, diastolic, pulse pressures
and heart rate. This quantification of the waveform shape, rather
than just the maximum, minimum and rate have enabled us to
detect more subtle cardiovascular changes in the earliest stages of
pathologies such as sepsis. We are now translating these findings
clinically and exploring the utility of the method in other research
and clinical scenarios, including the application to drug safety
data.

https://doi.org/10.1016/j.toxlet.2018.06.1083
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Invited sessions: Sessions – Symposia

Session 01 – Organs on a chip in Toxicology – is the end
of animal testing near?

S01-01
Introduction to the session: Organs on a chip in
Toxicology - Is the end of animal testing near?

A. Roth

Roche, Pharmaceutical Sciences, Basel, Switzerland

Despite intense reserach and efforts over the past decades, drug
safety assessment after candidate selection in early development
still mostly relies on rodent in vivo experimentation followed by
non human primate studies before enetring human trials. Recent
advacements in cell biology and micro-engineering has led to the
establishment of highly complex cellular models with the promise
of displaying more human relevant physiology. these often three
dimensional, microfluidic based in vitro systems have generated a
lot of interest in drug development organizations as they bear the
potential to significantly improve the way drugs are tested, ie by
culturing human derived tissues originating from patients directly
or generated by stem cell technologies, it may now be possible
to create cell systems which much more closely resemble organ
biology. After a number of reference work published by mostly
academic groups, it remians to be seen to what extent such new
systems and approaches perform under real life conditions in a
drug development setting. the sessions aims to provide concrete
exmaples where such organ on a chip devices have proven useful
and impactful, leading to decisions and allwoing teams to move
forward in development with less or no animals used.

https://doi.org/10.1016/j.toxlet.2018.06.1084

S01-02
The role of cross-species microphysiological
systems in understanding target organ toxicity
in Oncology drug projects

L. Ewart

AstraZeneca, IMED biotech Unit, Drug Safety and Metabolism,
Cambridge, UK

A necessary step for advancing a drug into clinical testing is the
assessment of drug safety in two pre-clinical species, typically
rats and dogs. However, translating any detected safety signals to
humans remains an integral challenge to the risk assessment pro-
cess. Consequently, a considerable amount of attention is given to
the development of advanced in vitro human models. Models such
as spheroids and vascularized Organ-Chip technology are showing
greater sensitivity and specificity against known toxicological end-
points in organs such as the liver which is commonly associated
with drug attrition due to adverse safety signals. While most of
these systems utilise human cells, there is a growing awareness of
the value of animal equivalents to augment pre-clinical risk assess-
ment. This presentation will showcase the development of human,
dog, and rat Liver-Chips and illustrate how they have been applied
to derive a greater mechanistic understanding of hepatotoxicity
detected in the development of drugs within the Oncology portfolio
at AstraZeneca.

https://doi.org/10.1016/j.toxlet.2018.06.1085

S01-03
Organs-on-chips for toxicity testing:
lung-thrombosis chip as a practical example

M. Otieno 1,∗ , R. Barrile 2, A.D. van der Meer 3, H. Park 2, J. Fraser 2,
D. Simic 1, F. Teng 1, D. Conegliano 2, J. Nguyen 2, P. Ng 2,
S. Barthakur 2, M. Zhou 1, Y. Wang 1, K. Karalis 2, D.E. Ingber 4,
G.A. Hamilton 2

1 Janssen Pharmaceuticals, LLC, Spring House, US
2 Emulate Inc, Boston, US
3 University of Twente, Enschede, Netherlands
4 Wyss Institute for Biologically Inspired Engineering at Harvard
University, Boston, US

Blocking of CD40L-mediated signaling represents a validated ther-
apeutic strategy for treatment of several auto-immune disorders,
however, development of therapies against this target was stalled
for several years because of unexpected thrombotic and cardio-
vascular events during clinical development of the anti-CD40L
mAb Hu5c8. These side effects were not detected during pre-
clinical testing. Platelet activation assays have been used to
test the hypothesis that thrombosis was caused by binding of
Hu5c8IgG1 to FcgRIIa receptors on platelets. To provide addi-
tional confidence in the safety of new anti-CD40L mAbs that are
designed not to bind FcgRIIa, a microengineered microvessel-Chip
was developed that could capture human relevant endpoints for
detection of coagulopathy, including platelet/endothelial inter-
actions, fibrin clot formation, and secretion of procoagulant
biomarkers. The micovessel-chip includes a vascular channel lined
by human endothelial cells and perfused with human whole
blood at a physiologically-relevant shear rate. Treatment with
clinical/disease-relevant concentrations of hu5c8IgG1 and sCD40L
resulted in endothelial activation, platelet adhesion, platelet aggre-
gation, fibrin clot formation, and increased secretion of thrombin
anti-thrombin (TAT) complex. Conversely, these endpoints were
attenuated following treatment with Hu5c8IgG2s, a mAb that does
not bind FcgRIIa receptors. Given lack of suitable preclinical mod-
els for detection of thrombosis, these data provide confidence in
the potential safety of the newer generation anti-CD40L mAbs
designed not to bind FcgRIIa receptors. The data also highlights the
improved capability of the microvessel-chip over platelet assays
in its ability to capture readouts from key pathways causing
coagulopathy. Detection of TAT in the model confirms that impor-
tant counter-regulatory mechanisms that occur during thrombosis,
such as thrombin and anti-thrombin generation, occur de-novo in
the model. This model provides a unique platform for preclinical
assessment of thrombosis risk, but can also be used for discovery of
anti-thrombotic agents, and mechanism of action elucidation thus
providing a useful tool for drug discovery and development.

https://doi.org/10.1016/j.toxlet.2018.06.1086

S01-04
A microfluidic intestinal model to investigate
altered drug behavior under disease conditions

A. Moisan

Roche Innovation Center Basel, Basel, Switzerland

In vitro testing of drug-induced gut leakiness is most commonly
achieved by cultivating epithelial cells on a rigid membrane that
separates two medium-containing chambers in static conditions.
Although easy to use, such transwell systems are poorly suited for
kinetic measurements and image-based readouts and provide only
limited information on the underlying mechanisms leading to bar-
rier disruption. Here we used a microfluidic-based methodology to

https://doi.org/10.1016/j.toxlet.2018.06.1084
https://doi.org/10.1016/j.toxlet.2018.06.1085
https://doi.org/10.1016/j.toxlet.2018.06.1086
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model epithelial barriers and interrogate toxicity effect in real time.
Introduction of flow, extracellular matrix, and tubular shape with
open lumen increases physiological relevance, while maintaining
screening compatibility. Leakage of FITC-dextran and cellular stain-
ing were used to determine IC50 of compounds coupled with cell
viability and morphology assessment.

Tissue inflammation can significantly alter drug pharmacology
and safety. To improve preclinical assessment of anti-inflammatory
and immunomodulation therapies, a pro-inflammatory microenvi-
ronment was created by incorporation of monocytic cells within the
extracellular matrix and introduction of bacterial-like components
in the intestinal lumen. Visualization of para-cellular trafficking of
a fluorescently-labeled drug revealed increased penetration across
the inflamed epithelial barrier compared to homeostatic state and
pronounced drug accumulation in monocytic cells. These findings
suggest that estimation of therapeutic windows in healthy animals
may be poorly predictive of safety margin in patients with chronic
or acute inflammation, and support the use of human and disease-
relevant microphysiological systems for preclinical drug testing.

https://doi.org/10.1016/j.toxlet.2018.06.1087

S01-05
Capturing Toxicology with human and animal
derived Organoids

R.G.J. Vries

Hubrecht Organoid Technology (HUB), Utrecht, Netherlands

The laboratory of Hans Clevers, the founder of HUB, previously
discovered the identity of adults stem cells in many human tis-
sues such as intestine and liver (Barker et al., Nature 2007; Huch
et al., Nature 2013). With the identification of these stem cells we
were able to develop a culture system that allowed for the virtually
unlimited, genetically and phenotypically stable expansion of the
cells from several animal models and human (Sato et al., Nature
2009, 2011; Gastroenterology 2011; Huch et al., Nature 2013, Cell
2015; Boj et al., Cell 2015).

The organoids have since been shown to be a very power tool for
the study of Cancer, Cystic Fibrosis and other diseases (Dekkers, Nat
Med 2013; van de Wetering, Cell 2015; Drost et al Nature 2015).
More recently, we were able to show that the in vitro response
of organoids directly correlates with the clinical outcome of the
patient from which the organoid was derived (Dekkers et al., Sci
Trans Med 2016; Sachs et al., Cell 2018). We are currently generat-
ing new models for intestinal and liver from both animal and human
tissue to also model toxicology. We are using these models for pre-
clinical drug development as well as for personalized medicine in
the clinic.

https://doi.org/10.1016/j.toxlet.2018.06.1088

Session 02 – Ensuring validity of in vitro replacements: what is
needed for regulatory decision making?

S02-01
The current paradigm on data requirements:
what is possible and what is not

D. Benford

Leighton Buzzard, UK

The current paradigm for data requirements to support chemical
risk assessment has been developed over decades, and is defined in
various guidelines, such as those published by the Office of Eco-
nomic Co-operation and Development (OECD). These guidelines

are agreed internationally, and are updated at intervals to take
into account developments in scientific knowledge and technolog-
ical approaches. However the process of updating can take many
years, which can be seen as inhibiting progress. In some regula-
tory areas, data requirements are defined in legislation; regulators
can be resistant to revising legislation and even if they are willing
to do so, then the process can also take many years. Thus there
are regulatory barriers that impede progress towards acceptance
of non-animal methods. For toxicologists working in chemical risk
assessment that underpins development of regulations, the key
concern is about public health. It is recognised that animal testing
is far from perfect, but risk assessors wish to have some confidence
that moving away from animal testing will not increase risk to
public health. This presentation will draw on examples from the
area of food chemical risk assessment. For many types of chemi-
cals in food, the public are unaware of their exposure and want to
assume that food is safe. The non-animal test methods that have so
far found acceptance, such as acute toxicity and topical effects, are
generally less relevant in food chemical risk assessment than effects
such as neurotoxicity and developmental toxicity which are more
challenging to reproduce in non-animal systems. The challenge to
scientists is to provide convincing evidence that public health will
not be at risk as we move away from animal testing.

The views expressed in this abstract and in the presentation are
those of the author, and should not be ascribed to past or present
affiliations.

https://doi.org/10.1016/j.toxlet.2018.06.1089

S02-02
In vitro alternatives: progress, challenges and
opportunities

I. Kimber

University of Manchester, Faculty of Biology, Medicine and Health,
Manchester, UK

For a variety of important reasons there is a substantial and grow-
ing interest in the development, acceptance and application of
non-animal methods for the identification and characterisation of
potential hazards and risks. Among the strategies that have been
embraced are in vitro methods. There is no shortage of challenges
in developing realistic and reproducible approaches that recapit-
ulate accurately in vitro the mechanisms through which adverse
health effects are induced. Most biochemical processes, whether
perturbed by exposure to a toxicant or not, are characterised by
complex cell and molecular interactions that are tightly regulated
in time and space, and influenced by other tangential physiological
systems. Capturing this complexity in vitro has proven difficult, and
those difficulties are componded further by, for instance, the need
to ensure effective delivery of test materials at relevant concentra-
tions that permit accruate interpretation of test data in the context
of potential health hazards. Moreover, for in vitro methods to sup-
port the development of accurate risk assessments there is a need
that they deliver information not only on potential health hazards,
but also on potency. Despite these challenges, progress has been
made, and there have previously been some important successes
in developing relatively simple culture systems that provide infor-
matioon on acute local toxicity. However, in recent years the pace
of progress has accelarated significantly due to a number of fac-
tors, perhaps most important of which is a willingness to harness
the fruits of recent research and to embrace opportunites provided
by developments in stem cell biology, fluid dynamics, microphysio-
logical systems, complex 3-dimensional culture systems and other
areas. The need now is to ensure that we have in place the infra-
structure necessary to continue to exploit fully the exciting new

https://doi.org/10.1016/j.toxlet.2018.06.1087
https://doi.org/10.1016/j.toxlet.2018.06.1088
https://doi.org/10.1016/j.toxlet.2018.06.1089
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opportunities that will become available to refine further in vitro
methods.

https://doi.org/10.1016/j.toxlet.2018.06.1090

S02-03
A framework for a fit-for-purpose evaluation of
non-animal methods

A.R. Boobis

Imperial College London, Department of Medicine, London, UK

Responding to regulatory and societal demands, together with
major advances in biomedical and computational sciences, there
are unparalleled efforts to develop non-animal methods for toxic-
ity evaluation. Acceptance of such methods for making judgments
on the safety of pharmaceuticals and other chemicals, requires that
there is confidence in their utility and predictivity. However, there
is increasing recognition that the time and resources involved in
utilising current approaches for the validation of alternative meth-
ods are such that it is not possible to keep pace with scientific
and technical developments. Hence, 3-4 years ago, the Health and
Environmental Sciences Branch (HESI) of ILSI launched a project
to develop an approach to overcome these obstacles to method
acceptance. The project brought together experts from govern-
ment, industry, non-governmental organizations, and academia
from several countries, to determine and integrate criteria for
assessing fitness-for-purpose. A framework was created in which
criteria by which method performance, model prediction and util-
ity in decision making were agreed. The utility of the framework
was evaluated using a number of case studies, from methods
that have reached regulatory acceptance to those that are still
some way away from this. These case studies helped identify
how the fitness-for-purpose of methods can be improved dur-
ing their development and how confidence in the utility of the
methods can be increased. Ultimately, the framework will con-
tribute to the development of harmonised guidance on regulatory
or organization-specific assessment of the contribution of new
methods to problem-specific, weight of evidence judgements in
safety assessment and regulatory decision making, either as stand-
alone or as part of an integrated assessment and testing approach.

https://doi.org/10.1016/j.toxlet.2018.06.1091

S02-04
Applying new approach methodologies to
reduce animal testing under regulatory
programmes: a case study of complex
(petroleum) substances

H. Ketelslegers

European Petroleum Refiners Association, Concawe Division,
Brussels, Belgium

Over the past decades, major advancements have been made in
biotechnology that have changed, and are changing, the field of tox-
icological sciences. Although these new approach methodologies
(NAM) have progressed the regulatory acceptance of alternative
testing methods for relatively simple (lower tier) endpoints and
well-defined chemicals, the challenge is in minimizing animal test-
ing for the more complex, higher tier human health endpoints for
the risk assessment of complex- and multi-constituent substances
such as UVCBs (Unknown or Variable composition, Complex reac-
tion products and Biological materials).

Petroleum substances (PS) are a prototypical example of
UVCBs, which present enormous challenges for science-informed

regulatory decision making. Therefore, regulators and industry
have a common interest to define a process for (petroleum) UVCBs
to ensure that there is no underestimation of hazards and at the
same time minimize, or eventually eliminate, the use of animals
in toxicology testing to ensure safe use.

Concawe [1], recognising both the extensive opportunities but
also appreciating the current shortcomings of NAM, has several
ongoing research efforts aiming to progress the risk assessment
of petroleum UVCBs - focusing on either directly informing human
health hazard assessments (e.g., reprotoxicity and carcinogenicity
endpoints) as part of a “weight of evidence approach”, and indi-
rectly by informing and underpinning grouping and read-across
approaches. Both are realistic short term applications of high con-
tent screening tools, and examples on how these are applied on PS
will be presented, with a particular focus on Cat-App [2]: a multi-
year research consortium initiated in 2016 by Concawe, applying
high-content screening data to underpin grouping and read-across
under regulatory programmes such as REACH [3].

Overall, an overview will be given of the feasible alternative
approaches that are being developed for PS, working towards
a more sustainable framework for 21st century human health
assessment of petroleum products with a focus on minimizing the
reliance on animal testing in regulatory submissions.

References

Concawe is the scientific association for the European petroleum refining industry,
located in Brussels.

https://www.concawe.eu/cat-app/.
Regulation (EC) No 1907/2006 of the European Parliament and of the Council of

18 December 2006 concerning the Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH).

https://doi.org/10.1016/j.toxlet.2018.06.1092

S02-05
Ensuring validity of in vitro replacements. Case
study 2 - agrochemicals

P.A. Botham

Syngenta, Product Safety, Bracknell, UK

In the EU, a number of country regulatory authorities are no longer
accepting data from vertebrate animal studies to fulfil the require-
ments of regulation 1107/2009 for pesticide product authorisation.
This applies to acute oral, dermal and inhalation toxicity, skin
and eye irritation and skin sensitisation. Alternatives (read across,
calculations, QSARs and OECD guideline in vitro studies) have to
be used even though they have never been formally evaluated
and shown to be fit for purpose with formulated products. In
some cases, this is resulting in unnecessarily severe classifications
for these endpoints. Further work is needed to optimise these
methods to avoid inaccurate labelling of pesticide formulation
acute hazards. Although the total replacement of in vivo studies for
more complex endpoints, such as developmental and reproductive
toxicity (DART) and repeat-dose target organ toxicity, is unlikely
in the near future, the agrochemical sector is utilising in silico and
in vitro methodologies for these endpoints in candidate product
selection and to address the requirement for some specific regula-
tory risk assessments. Examples will be shown (1) to illustrate the
use of alternative models in the prediction of DART effects, includ-
ing the use of targeted molecular screening, genomic profiling and
a quantitative analysis of adverse outcome pathways, and (2) the
use of a 3D model of the human airway epithelium alongside com-
putational fluid dynamic models to provide a point of departure
for the repeat-dose inhalation hazard of a fungicide formulation.
This in vitro and in silico approach accurately calculates the human

https://doi.org/10.1016/j.toxlet.2018.06.1090
https://doi.org/10.1016/j.toxlet.2018.06.1091
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://www.concawe.eu/cat-app/
https://doi.org/10.1016/j.toxlet.2018.06.1092
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equivalent concentration of deposited aerosol in discrete regions
of the human respiratory tract, allowing the conduct of a risk
assessment for spray operators and residents and bystanders; this
assessment provided the reassurance of continued safe use of the
product without the need to conduct confirmatory repeat-dose
inhalation testing in the rat.

https://doi.org/10.1016/j.toxlet.2018.06.1093

S02-06
Next Generation Risk Assessment for consumer
safety of cosmetics: A case study approach

C. Westmoreland

Unilever, SEAC, Sharnbrook, UK

The principles for the use of non-animal approaches in con-
sumer safety risk assessments were recently outlined by the
International Cooperation on Cosmetics Regulation (ICCR). A key
principle is that modern risk assessments should be exposure led.
This means that novel methods that are used to make decisions
about human safety must be quantitative, so that and any pre-
dictions relating to dose must be interpretable in the context of
actual levels of consumer exposure. Interpreting dose-response
data from in vitro toxicity assays requires an understanding of
both cellular exposure in in vitro assays and how these relate to
in vivo internal concentrations. Understanding both dosimetry and
physiologically-based kinetic (PBK) modelling have been identi-
fied as essential components for robust decision-making in Next
Generation Risk Assessments (NGRA). An NGRA approach for skin
allergy risk assessment (SARA) has been evaluated using six case
study ingredients in two different product exposure scenarios will
be described. This is a tiered model-based approach that integrates
predictive chemistry expertise, historical in vivo data, in silico pre-
dictions and in vitro data to predict the probability of human skin
sensitisation occurring following a given product exposure with
explicit uncertainty.

For evaluation of systemic toxicity using NGRA approaches,
a series of case study chemicals (including caffeine, cur-
cumin, bisdemethoxycurcumin, tetrahydrocurcumin, 6-gingerol
and coumarin) are being evaluated in a joint research programme
between Unilever and the US Environmental Protection agency
(EPA). This uses selected ToxCast assays and high throughput
transcriptomics together with in silico chemistry tools and PBK
modelling. A key challenge with respect to the application of these
tools for safety decision-making is a reliance on quantification of
in vitro-to-in vivo extrapolation e.g. the concentration-dependent
transition from adaptation to injury relies on an understanding of
in vitro concentrations that relate to this ‘tipping point’.

These case study examples are providing increasing confidence
in the application of the ICCR principles for ‘Integrated Strategies
for Safety Assessments of Cosmetic Ingredients’ for robust decision-
making in consumer safety.

https://doi.org/10.1016/j.toxlet.2018.06.1094

Session 03 – Chemical-induced immunosuppression in the 21st
century

S03-01
Future direction in immunotoxicology:
immunosuppression as key player

F. Huaux

Université catholique de Louvain, Louvain centre for Toxicology and
Applied Pharmacology, Brussels, Belgium

A pathogenic scenario whereby chronic inflammation gov-
erns toxicant-induced chronic diseases has been largely dis-
closed in mechanistic toxicology. Considerable evidence sug-
gests that accumulated inflammatory leukocytes play a critical
role in the pathological processes by generating free radical-
induced damage to DNA, triggering genomic instability, pro-
ducing a favorable environment for cell growth and promoting
angiogenesis.

While toxicant-induced cancer, fibrosis or autoimmunity have
been so far almost exclusively linked to an exacerbated inflam-
mation, recent studies reveal a new pathophysiological pathway
that involves, in contrast, immunosuppressive responses (defined
as immunosuppression) initially established for limiting delete-
rious effects of inflammation. Much progress has been recently
made in our comprehension of immunosuppression in cancer.
This challenging concept has additionally modified our view of
how toxicants perturb the immune system and cause chronic
diseases.

In this session, participants are informed on how immunosup-
pression is triggered and orchestrated by chemical substances and
particles. A portfolio of immunosuppressive cells will be depicted,
in particular the role of type-2 macrophages (M2), regulatory
lymphocytes (T and B regs) or Myeloid Derived Suppressor Cells
(MDSC). Immunosuppression is not limited to immune mediators;
metabolism of several essential amino acids such as tryptophan and
arginine also serves for efficiently inhibiting immune responses.
The consideration that immunosuppression is crucial in toxicant-
related diseases provides a unique opportunity to open new
horizons for discovering new key biomarkers and/or therapeutic
targets.

https://doi.org/10.1016/j.toxlet.2018.06.1095

S03-02
Pesticide-induced immunotoxicity: the
experience at EFSA

A. Terron

EFSA, Pesticide, Parma, Italy

The project reviewed the potential immunotoxicity of pesticide
active substances evaluated in EU following the european regu-
lation under the auspicies of the European Food Safety Authority
(EFSA). Focus was to identify any new approach to the evalua-
tion of potential immunotoxicity. Current testing guidelines and
specific immunotoxicity tests have been evaluated and critical end-
points identified for use in evaluating summaries of 198 active
substances reviewed in the EU. Analyses have been performed to
identify the number of pesticides that affect immune system end-
points, the number that have a consistent pattern of effects and
those that exhibit these effects at dose levels relevant to the overall
risk assessment. The conclusion are that the current testing strategy
for pesticides, although having some deficiecies, appears adequate
to identify compounds with the potential to affect the functioning

https://doi.org/10.1016/j.toxlet.2018.06.1093
https://doi.org/10.1016/j.toxlet.2018.06.1094
https://doi.org/10.1016/j.toxlet.2018.06.1095
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of the immune system. Proposal are made to enhance the testing
strategy in the future.

https://doi.org/10.1016/j.toxlet.2018.06.1096

S03-03
Immunotoxicology testing within the National
Toxicology Program (NTP): reflections on the
past, present and future

D.R. Germolec

National Toxicology Program, NIEHS, Toxicology Branch, Research
Triangle Park, US

The identification of chemicals that have the potential to cause
injury to the immune system is of considerable public health sig-
nificance, as alterations in immune function can lead to increased
incidence of hypersensitivity and autoimmune disorders, infec-
tious diseases or neoplasias. Experimental animal data collected
over the past 20 years using standardized testing panels have pro-
vided a database from which the sensitivity and predictability of
tests commonly used for the screening of chemicals for immuno-
toxicity has been evaluated. These studies suggest that there is
not a single most sensitive parameter for assessing damage to the
immune system, but rather that multiple endpoints are needed
to flag a compound as immunotoxic. We have used a tiered test-
ing strategy to assess changes in immune function and continue
to refine and improve the test methods. However, with the infi-
nite number of chemcials and mixtures in the environment, we
are challenged to develop streamlined strategies for more efficient
examination of potential immune effects. As part of a response to
assess human health risk following recent releases of polycyclic
aromatic compounds (PACs) in the environment, the NTP has devel-
oped a research plan to characterize the toxicity of PACs using
in vitro, alternative animal, and short-term rodent studies. We
are using a streamlined approach to assess humoral immunity in
B6C3F1/N mice to generate potency data for well characterized and
understudied PACs. As we increase our understanding of the mech-
anisms that underlie immunotoxicity, we are able to model in vitro
changes at the cellular level that lead to alterations in immune func-
tion. We are comparing data from assays using primary cells or cells
lines with data from traditional animal models and epidemiology
studies of known toxicants such as perfluoroalkyl substances, and
using in vitro tools to screen classes of chemicals and mixtures that
may otherwise confound with their potential variety.

https://doi.org/10.1016/j.toxlet.2018.06.1097

S03-04
Immunosuppression mediated by enzymes that
degrade tryptophan

B. Van den Eynde 1,2

1 Ludwig Institute for Cancer Research, Brussels Branch, Brussels,
Belgium
2 Université catholique de Louvain, de Duve Institute, Brussels,
Belgium

Both central and peripheral mechanisms ensure the tight regu-
lation of the immune system that is needed to ensure efficient
protection against pathogens while avoiding autoimmunity.
Peripheral immune tolerance mechanisms include negative feed-
back pathways controlled by immune checkpoints, whose function
is to shut down established immune responses and prevent exces-
sive immune activation. These immune checkpoints normally act
when the pathogen has been cleared. The immune system also

attacks tumors, but the kinetics is often slower, so that immune
checkpoints get activated before complete clearance of the tumor.
In recent years, a better understanding of immune checkpoints has
allowed the design of new cancer therapies able to sustain immune
responses by blocking immune checkpoints such as PD-1 and
CTLA4. Those new therapies have shown unprecedented clinical
activity in a subset of patients with metastatic cancers. How-
ever, other immune checkpoints likely limit the efficacy of cancer
immunotherapy in other patients. Ongoing research aims at char-
acterizing these additional mechanisms and devising therapeutic
strategies to overcome them. One of them is based on metabolic
changes in the tumor microenvironment: many tumors aberrantly
express enzymes able to degrade tryptophan into kynurenine.
These are indoleamine-dioxygenase (IDO) and, to a lesser extent,
tryptophan dioxygenase (TDO). These metabolic changes are pro-
foundly immunosuppressive, through the combined action of
tryptophan depletion and kynurenine production. Inhibitors of
these enzymes increase the efficacy of cancer immunotherapy in
preclinical models and are currently in clinical development. The
exact mechanisms responsible for IDO/TDO-induced immunosup-
pression remain unclear. Different pathways have been proposed,
including a GCN2-mediated integrated stress response or a deac-
tivation of mTOR, both triggered by tryptophan shortage, and the
induction of an AHR response by kynurenine or its derivatives.

https://doi.org/10.1016/j.toxlet.2018.06.1098

S03-05
The Aryl Hydrocarbon Receptor in
Immuno(toxicity): the new, the old, the
unexpected

C. Esser

IUF - Leibniz Research Institute of Environmental Medicine,
Immunotoxicology, Düsseldorf, Germany

The aryl hydrocarbon receptor (AHR) and its ligand-driven trans-
criptional activity was originally discovered as a master regulator
for genes coding for xenobiotic metabolizing enzymes. Thus, AhR’s
functional role seemed clear: metabolize and degrade a range
of structurally similar chemicals. However, AhR activation by a
number of these chemicals, namely xenobiotic pollutants such as
polycyclic aromatic hydrocarbons (PAHs) or halogenated PAHs, can
result in toxicity. For instance, cancerogenicity can be caused by
benzo[a]pyrenes or immunotoxicity by TCDD. The resulting bad
reputation of AHR as the mediator of toxicity by its ligands found
in environmental pollutants seems to contrast with the recently
discovered important roles of AHR for adaptive cell differentiation
and specific cellular functions, for instance in the immune system.
It was shown that “natural” ligands found in plants or generated
endogenously are necessary and relevant for many such func-
tions. In the diet indole-derivatives, glucosinolates, or flavonoids
can act as ligands. Other AHR activators are tryptophan-derivatives
generated by sun-light in the skin or bacteria in the gut. I will dis-
cuss major research findings regarding the immunological outcome
of AHR-activation and look at two areas of future immunologi-
cal/immunotoxicological concern, (i) the AHR-microbiome axis and
(ii) the issue of participation of AHR in the adverse immune effects
of airborne particulate matter. They showcase the surprises that
AHR signaling still has to offer for basic biology and for its relevance
in global health concerns.

https://doi.org/10.1016/j.toxlet.2018.06.1099

https://doi.org/10.1016/j.toxlet.2018.06.1096
https://doi.org/10.1016/j.toxlet.2018.06.1097
https://doi.org/10.1016/j.toxlet.2018.06.1098
https://doi.org/10.1016/j.toxlet.2018.06.1099
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Session 04 – Non-clinical pharmacology and toxicology
assessment of monoclonal antibodies supporting human
clinical trials supported by UCB

S04-01
Current strategies in the safety assessment of
monoclonal antibodies

S. Kronenberg

F. Hoffmann-La Roche Ltd., Pharma Research and Early Development,
Roche Innovation Center Basel, Pharmaceutical Sciences, Basel,
Switzerland

The talk will provide an overview on preclinical safety testing
strategies of monoclonocal antibodies (mAbs). Points to con-
sider and hot topics around the nonclinical development of
mAbs will be highlighted. These include: the evolving regulatory
framework, nonclinical testing strategies in the absence of rel-
evant animal species, use of tissue cross-reactivity testing and
potential alternatives, challenges in the assessment of carcino-
genicity (waivers), addressing immunomodulatory effects, testing
for developmental toxicity, and potential implications of immuno-
genicity.

Where possible, case examples will be provided to illustrate the
challenges.

https://doi.org/10.1016/j.toxlet.2018.06.1100

S04-02
The value of nonhuman primates for safety
assessment of monoclonal antibodies

G.F. Weinbauer

Covance Preclinical Services GmbH, Muenster, Germany

Nonhuman primate (NHP) use in safety assessment is currently
increasing and this is driven by the development of biopharmaceu-
tical drugs. This holds particularly true for monoclonal antibodies
(mAbs) due to high target specificity and low potential for off-
target toxicity. In fact, the toxicity of mAbs is largely driven by
pharmacological activity, and therefore preclinical safety testing
is performed in species in which the mAb is expected to interact
with target to a similar extent anticipated in humans. For highly
human-specific mAbs, this testing often includes NHPs as rele-
vant species or even requires NHPs as the only relevant species.
In such case, the NHP preclinical programme includes general and
specific safety assessment parameter comprising reproductive and
developmental toxicity evaluation and occasionally also studies in
juvenile NHPs. This presentation reviews the availability and use
of NHPs for mAbs development, and provides a detailed analysis of
a series of case studies with (novel) mAbs with the aim of interro-
gating the value of NHP safety studies in human risk assessment.
In essence, these studies have identified mAb candidate molecules
and pharmacological pathways with severe safety risks, leading
to candidate/target program termination, as well as highlighting
that some pathways with theoretical safety concerns are amenable
to safe modulation by mAbs. Studies using NHPs for mAbs devel-
opment should use rational, science-based decision-making based
upon the specific attributes of the product. Given such practice,
however, it is apparent that safety assessment studies in NHPs can
yield essential information for human risk assessment and for the
safety of clinical trial participants.

https://doi.org/10.1016/j.toxlet.2018.06.1101

S04-03
In vitro pharmacology and safety testing of
monoclonal antibodies

A. Kiessling

UCB, Non-clinical Development, Slough, UK

A range of in vitro tests with multiple formats can be performed for
biologicals to identify and characterize immunopharmacological
and immunotoxicological aspects. In vitro assessments in human
settings and for toxicological species are used for a variety of rea-
sons such as: (a) to early identify major safety concerns with the
goal to de-risk drug candidates during design and to determine
focus areas of in vivo toxicological studies, (b) to prospectively com-
pare the immunopharmacology and target biology across species
to verify the relevance of toxicological species for human safety and
to identify possible gaps to consider in the translation of effects to
human, (c) to retrospectively determine the mechanism and human
translatability of toxicological effects observed in in vivo studies,
to (d) identify the frequency and variability of responses related
to factors such as genetic variants, differences in target expres-
sion and disease- and co-mediation-related factors with regard to
patient stratification, and (e) to develop risk mitigation and man-
agement plans for the clinics including identification of translatable
safety biomarkers for monitoring, dosing frequency and regimen
considerations, and treatment options of events in the clinics.

The area of immunotoxicological in vitro assessments includes
assessments of Fc-dependent effects such as Fc-mediated cellular
toxicology, induction of cytokine storm, mode of action-related
hypersensitivity reactions, depletion, activation or functional
modulation of diverse adaptive and non-adaptive immune cell
populations and platelets, and consequences of the development
of anti-drug antibodies (ADAs) such as immune complex-mediated
toxicological events (vasculitis, anaphylactoid reactions, glomeru-
lonephritis etc.). In all of these areas one main question is whether
an immunotoxicological effect is related or part of the intended
pharmacology, or whether it is unwanted and unrelated to intended
pharmacological action.

https://doi.org/10.1016/j.toxlet.2018.06.1102

S04-04
The use of in vitro and in vivo pharmacology
and safety data to set safe starting doses for FIH
studies with monoclonal antibodies

L. de Haan

MedImmune, Biologics Safety Assessment, Cambridge, UK

Monoclonal antibodies (mAbs) have become an increasingly impor-
tant and successful drug modality for the biopharmaceutical
industry, which can largely be attributed to their unique com-
bination of high specificity and selectivity, and favourable and
predictable pharmacokinetic properties. Due to their high speci-
ficity, mAbs are often also highly species selective, and given
that -in accordance with ICH S6(R1)- toxicology studies with
biotechnology-derived products should only be conducted in phar-
macologically relevant species, single species toxicology programs
involving the use of nonhuman primates are common. Further-
more, as a consequence of the fact that many mAb targets do not
play a role in the normal physiological processes in naive animals,
pharmacological activity of mAbs in nonclinical species is often
limited to a demonstration of target engagement in vivo, and tox-
icological consequences of target engagement are relatively rare.
Clinical starting doses and the maximum dose for FIH trials with
mAbs are therefore typically derived from a combination of (i) in

https://doi.org/10.1016/j.toxlet.2018.06.1100
https://doi.org/10.1016/j.toxlet.2018.06.1101
https://doi.org/10.1016/j.toxlet.2018.06.1102
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vitro affinity and potency data, (ii) in vivo efficacy data from rodent
models (generated with surrogates in case the clinical candidate is
not rodent crossreactive), (iii) target engagement data generated
with the clinical candidate in pharmacologically relevant species,
and (iv) toxicity data from pivotal toxicology studies in pharma-
cologically relevant species. Risk assessment approaches and the
intended patient population play an important role in determin-
ing what level of target engagement is acceptable for the clinical
starting dose. The presentation will focus on the strengths and lim-
itations of this approach, illustrated using a number of case studies.
These case studies highlight that repeat-dose toxicology studies
with mAbs that are not highly pharmacologically active in nonclin-
ical species have limited utility for prediction of human safety, but
still provide useful information for setting clinical starting doses.

https://doi.org/10.1016/j.toxlet.2018.06.1103

Symposium: Optimising drug discovery by investigative
toxicology: scientific advancements and case studies (Part I)
supported by Sanofi, Roche, Novartis, and Lundbeck

Symp01-01
Data encounters at the in vitro-in vivo
interface: building target to event hypothesis

J. Munoz-Muriedas

GlaxoSmithkline, Computational Toxicology, Stevenage, UK

Recent technological advances in the field of big data have increased
our capabilities to query large databases and cross information
from different domains and disciplines. In the area of preclinical
studies. Initiatives like SEND (Standard for Exchange of Non clini-
cal Data), the implementation of the Study Data Tabulation Model,
will also contribute to collect and present non clinical data in a
consistent manner and increase analytical possibilities.

With faciliated access to preclinical data and improvements in
analytical algorithms there will surely be an expectation for com-
panies to make sure all the historical data availabe to them is
leveraged to build hypothesis. That kind of analyses and “in silico”
experiments may soon become as important as the animal stud-
ies themselves and even become a regulatory norm, apart from
being critical comnponents to achieve objectives in corporate social
responsibility agendas aligned with 3Rs (reductions, refinement
and replacement of animals in experiments).

Certainly, analysis of historical preclinical data may contribute
to reduction use of animals in research by avoiding repetitions of
experiments, refine future experiments based on hypothesis based
on available data and even replace animal studies with in silico
counterparts.

This oral presentation will show examples of how historical
preclinical data at GSK has been crossed with in vitro pharmaco-
logical data to generate associations between activity at a target
an observation of a particular event in preclinical studies. The pre-
sentation will focus on methodlogical aspects to analyse the data
and potential applications of the findings (e.g. use of the gener-
ated hypothesis as starting points for the construction of Adverse
Outcome Pathways).

https://doi.org/10.1016/j.toxlet.2018.06.1104

Symp01-02
In vitro off-target profiling: impacting drug
design and guiding quantitative translation risk
assessments

J.-P. Valentin 1,∗ , D. Armstrong 2, S. Jenkinson 3, P. Ravi 4,
L. Rosenbrier Ribeiro 5

1 UCB, Braine l’alleud, Belgium
2 Novartis, Cambridge, US
3 Pfizer, San Diego, US
4 Allergan, Philadelphia, US
5 AstraZeneca, Cambridge, UK

Adverse effects in patients can arise from secondary pharmacology
(interaction of drugs with unintended molecular targets). For small
molecule projects, once chemistry has been initiated, evaluation
of activities towards secondary targets (off target pharmacological
profiling) known to be associated with undesirable side effects is
typically implemented to ensure sufficient selectivity of the com-
pound for the primary vs secondary targets. Various protocols for
in vitro secondary pharmacology screening approaches are avail-
able and generally consist of binding assays, functional assays
and enzyme assays, all of which provide important information
regarding the pharmacological activity of a drug (e.g., potency, effi-
cacy, agonism, antagonism, activation, inhibition). Knowledge of
the physiological functions of the secondary targets enable under-
standing of possible adverse reactions that may be anticipated in
humans. Several standard panels of targets are deployed through-
out the drug discovery phases where data are used initially for
hazard identification of off target activity of individual molecules
and series, and subsequently for risk mitigation by designing
out the activity during lead optimization. For clinical candidate
molecules data are valuable for risk assessment and risk man-
agement. Interpretation, contextualization and understanding of
the translation value of in vitro off target profiling data is criti-
cal for establishing a quantitative integrated assessment of risk for
patients. For most sponsors the in vitro data are included in regu-
latory submission. The major advantages and limitations of in vitro
pharmacological profiling will be discussed. Case studies will be
provided to illustrate the impact of such approaches.

https://doi.org/10.1016/j.toxlet.2018.06.1105

Symp01-03
Advanced hepatic drug safety assessment: 3D &
microphysiological systems

D.P. Williams

AstraZeneca, Drug Safety & Metabolism, Cambridge, UK

Drug-induced liver injury continues to be a major focus in candidate
selection and clinical development in consideration of therapeu-
tic index. Improved human cell based translational models, which
recapitulate pathogenic mechanisms of liver toxicity, are required
to assess hepatotoxicity risk to human.

An overview of hepatic adverse drug reaction and the pathogen-
esis and underlying mechanisms will be given. Pre-clinical hepatic
safety questions that arise from projects and outline AstraZeneca’s
hepatic safety assay toolbox will be discussed.

When and how AstraZeneca deploys particular assays for risk
assessment vs hazard assessment will be described alongside assay
validation and how we can move towards improved risk assess-
ment through adoption of novel assays where we have confidence
that correct hepatic safety mechanisms are appropriately repre-
sented.

https://doi.org/10.1016/j.toxlet.2018.06.1103
https://doi.org/10.1016/j.toxlet.2018.06.1104
https://doi.org/10.1016/j.toxlet.2018.06.1105
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Flow based Organs-Chip technology and 3D hepatic spheroid
models represent promising models to assess mechanistic hepato-
toxicity, due to enhanced cellular phenotype and stability whilst in
culture. Evidence suggests these models demonstrate more in vivo-
like injury mechanism representation and ability to report on
drug-induced toxicity.

A comprehensive evaluation of an hepatic spheroid co-culture
model and a Liver-Chip model will be outlined along with how this
fits into an overall predictive model within AstraZeneca’s hepatic
safety toolbox. Specifically, assessment of two model hepatotoxins
for which metabolism is critical to their mechanisms of hepato-
toxicity, acetaminophen (APAP) and fialuridine (FIAU) have been
assessed for sensitivity across a range of cytotoxicity biomarkers
commonly employed in vitro (ATP, albumin, �-GST). Additionally,
assessment of metabolic functionality by incorporating quanti-
tation of APAP, FIAU and their principal metabolites has been
evaluated.

https://doi.org/10.1016/j.toxlet.2018.06.1106

Symp01-04
Early identification of potentially translatable
compound-induced neurotoxicity and
associated biomarkers utilizing 2D & 3D
primary and iPSC-derived microBrain models

J.E. McDuffie

Janssen Research & Development, LLC, Global Mechanistic &
Investigative Toxicology, San Diego, US

We aim to discuss the characterization, validation, and limita-
tions of two physiologically-relevant human induced pluripotent
stem cell (iPSC)-derived neuronal models and their usefulness
when screening for compound-induced seizure risk. First, we
developed reference compound-induced rat seizure models to
identify genomic/proteomic biomarker expression level changes.
Second, we characterized microBrain

®
2D and 3D systems, which

are comprised of neurons (GABAergic and glutamatergic) and
astrocytes. Both models exhibit sustained viability, as well as
histological and functional similarities to the native human
brain. The microBrain

®
2D shows spontaneous firing on the

low—throughput microelectrode array (MEA). The microBrain
®

3D
shows spontaneous synchronized calcium transient oscillations on
the high—throughput Fluorescent Imaging Plate Reader (FLIPR

®
).

Third, using reference compounds, we determined the in vitro “con-
text of use” for biomarkers of neuronal- and astrocyte-specific
toxicities that were first identified following induced seizures in
rats in vivo or toxicant-treated 2D rat-derived neurons and/or astro-
cyte cultures. Taken together, the human iPSC-derived microBrains
and candidate biomarkers show promise as tools to enable inves-
tigative toxicology studies to reveal mechanisms of potentially
translatable compound-induced seizure risk.

https://doi.org/10.1016/j.toxlet.2018.06.1107

Symp01-05
Mechanistic de-risking using 3D organoids:
addressing human relevance of rat goblet cell
expansion

C. Bertinetti-Lapatki

Hoffmann - La Roche, Pharmaceutical Sciences, Basel, Switzerland

The intestinal epithelium is composed of single layer of several dis-
tinct cell types that are continuously renewed (every 4–5 days)
from stem cells located in the intestinal crypts. Intestinal stem cells

give rise to rapidly proliferating transit-amplifying cells that differ-
entiate near the top of the crypts into the mature cells of the gut.
These new mature cells migrate upwards into the villi and are even-
tually sloughed into the lumen. Among the various pathways that
regulate proliferation and differentiation of the intestinal cells, the
Notch signaling cascade is key in modulating stem cell renewal and
differentiation.

When isolated LGR5+ gut stem cells are cultured in 3D they self-
organize into epithelial organoids (“mini-guts”). These organoids
retain the hallmarks of the in vivo gut epithelium and have been
extensively used to investigate the signaling events that drive the
differentiation of the stem cells into the different cell types that
constitute the intestinal epithelium.

Active Notch signaling results in the expression of the target
gene Hes1, the loss of which results in increased secretory lineage
differentiation and decreased production of absorptive enterocytes.
Expression of Hes1 also results in the repression of Atoh1, which
drives cells into Goblet or Paneth cell secretory lineages in the
absence of Notch signaling. The down modulation/inhibition of
the Notch signaling cascade as a result of off-target drug activities
may result in an increased risk of incidence of cancer in the clinic.
Therefore, the early identification and elimination of compounds
showing these liabilities is important to facilitate the effectiveness
and reduce the safety attritions during drug development.

We developed and validated an in vitro assay for the assess-
ment of drug induced gastrointestinal toxicity risk using intestinal
organoids. In this study we show that the in vitro mini-gut rat find-
ings can be translated to the human mini-gut model and therefore
can be used to run screenings to evaluate the potential of drug
candidates to inhibit Notch in vivo.

https://doi.org/10.1016/j.toxlet.2018.06.1108

Session 05 – Oligonucleotides – do they warrant specific safety
assessment?

S05-01
How oligonucleotides can be exploited as
therapeutics

A. Aartsma-Rus

Leiden University Medical Center, Human Genetics, Leiden,
Netherlands

Antisense oligonucleotides are emerging as a therapeutic approach.
Antisense oligonucleotide therapies involve modified pieces of RNA
or DNA, which can be exploited in multiple ways to bring about
therapeutic effects: They can target (pre-)mRNA transcripts to
induce knockdown of a transcript (ASO or siRNA), block the function
of a miRNA (antagomir) or manipulate splicing (ASO). Alternatively,
they can target proteins directly (aptamers). Antisense oligonu-
cleotide drugs can be single stranded (ASO, antagomir and aptamer)
or double stranded (siRNA). A unique aspect of this approach is the
unprecedented specificity, which relies on Watson-Crick basepair-
ing for all except antagomirs.

Antisense oligonucleotides need to be chemically modified to
increase their stability and endow them with favourable phar-
macokinetic properties. Single stranded antisense oligonucleotides
generally have a phosphorothioate rather than a phosphodiester
backbone, to improve uptake over the cell membrane and increase
serum half-life by preventing renal clearance. Additional modifica-
tions to the sugar and/or base have been developed to increase
affinity to the target, such as 2’-O-methyl and 2′-O-methoxy
ethyl, locked nucleic acids and phosphorodiamidate morpholino
oligomers. For double stranded siRNAs there are fewer opportu-
nities for chemical modification, especially for the leading strand,

https://doi.org/10.1016/j.toxlet.2018.06.1106
https://doi.org/10.1016/j.toxlet.2018.06.1107
https://doi.org/10.1016/j.toxlet.2018.06.1108
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since the siRNAs need to be recognized by and imported into the
RNA-induced silencing complex (RISC). Furthermore, conjugates
can be added to single and double-stranded antisense oligonu-
cleotides to improve general or tissue specific delivery.

There are currently numerous antisense oligonucleotides tested
in clinical trials and some have recently been approved in the US
and Europe. Notable preclinical and clinical examples will be used
during the presentation to illustrate the different mechanisms of
actions of these drugs and to outline the clinical development path.

https://doi.org/10.1016/j.toxlet.2018.06.1109

S05-02
Antisense oligonucleotides – recent advances in
preclinical safety assessment

M. Festag

F. Hoffmann-La Roche Ltd., Pharma Research and Early Development,
Pharmaceutical Sciences, Roche Innovation Center, Basel, Switzerland

Antisense oligonucleotides (ASOs) are expected to meet the same
standards as any other drug with respect to efficacy and safety.
These molecules are developed in various therapeutic areas and
administered via routes such as the intravenous, subcutaneous,
intrathecal or intravitreal. The knowledge about ASO mediated tox-
icities and their translation into the clinic has over the years made
significant progress.

Across preclinical species, ASOs have consistently resulted in
organ toxicities, primarily in kidney cortex and liver and relating to
tissue accumulation. Molecular and cellular mechanisms of toxicity
are diverse, are either hybridization-dependent or -independent.
Those toxicities fall within a limited number of categories, i.e. acute
and peak plasma concentration protein-related effects, as well as
effects resulting from interference with innate immunity and those
degenerative changes after chronic exposure occurring in liver and
kidney, the main tissues of accumulation.

The presentation on preclinical safety assessment of ASOs is
based on multiple preclinical packages that have been accepted
by regulatory authorities for first-in-human studies. It will focus
on oligonucleotide-specific considerations for general toxicology
studies in relevant preclinical species to guide dose selection
and dosing regimen in the clinics. Examples will be presented
where novel and predictive preclinical biomarkers in the assess-
ment of toxicity as well as an alternative non-rodent model
were introduced. Improved designs of general toxicology studies
may also include safety pharmacology and genotoxicology specific
readouts, thereby supporting the 3Rs principles. Finally, recently
introduced technologies, e.g. the use of transcriptomics or in vitro
cell systems for safety screening and selection of clinical candidates
will be presented.

https://doi.org/10.1016/j.toxlet.2018.06.1110

S05-03
How do the ADME properties of
oligonucleotides influence their Therapeutic
Index?

S.R. Hood

GSK, IVIVT Bioimaging, Stevenage, Herts, UK

With several therapeutic oligonucleotides, reaching late stage clin-
ical trials, there is now an extensive database of pre-clinical and
clinical ADME data for a range of modalities. Furthermore, while
the original focus of oligo development was to improve potency,
the goal has now shifted to strategies to improve delivery to the

site of action and reduce off target exposure. By understanding and
modifying the ADME properties, especially tissue distribution, of
the oligos it is possible to improve the Therapeutic Index (TI) of the
molecules.

In this presentation we will explore the ADME properties of
oligos;

Absorption - Therapeutic oligos that require systemic exposure
are usually dosed via the IV or SC route, although topical adminis-
tration via dermal and intrathecal injection have proven successful.

Distribution - On reaching the central blood compartment,the
oligo is cleared rapidly into the tissues (T1/2 4-6 h) where it can
reside for several weeks. Typically, high levels of oligo are found
in renal proximal tubules, kupffer cells and hepatocytes in the liver
and, to a lesser extent, the Reticulo endothelial system (RES) in bone
marrow, adipose tissue and spleen. The accumulation of the oligos
in these tissues, resulting in a balance of desired “on target” efficacy
and unwanted “off target” toxicity directly influence the TI for this
class of drugs.

Recent targeting strategies employing ligand mediated uptake
(GalNAc), lipid nano-particle formulations (IMI COMPACT) and top-
ical delivery have sought to increase the on-target tissue drug
concentrations and reduce the off-target burden. These strategies
have led to lower clinical doses and an improved TI.

Metabolism – Chemical substitutions in the backbone and sugar
residues confer metabolic stability that results in longer tissue half-
lives.

Excretion – While a proportion of the therapeutic oligo is renally
eliminated as unchanged drug, the majority is digested to chain
shortened metabolites and cleavage products.

https://doi.org/10.1016/j.toxlet.2018.06.1111

S05-04
Non-clinical aspects of oligonucleotide drug
development: A regulator’s perspective

D.R. Jones

MHRA, CTU, London, UK

Currently, non-clinical packages to support clinical trial authorisa-
tion (CTA) applications and marketing authorisation applications
(MAA) for oligonucleotides are primarily designed in accordance
with the requirements outlined within the relevant guidelines, i.e.
ICH M3(R2), ICH Sr (R1), and the Committee for Medicinal Products
for Human Use Safety Working Party (CHMP SWP) reflection paper
on antisense oligodeoxynucleotides (ASOs). Strictly speaking, there
is currently no guideline that specifically outlines the nature of the
pharmacology, pharmacokinetic and toxicology studies that are
required to support the safety of this class of therapeutic agents.
However, it should be noted that the SWP is in the process of draft-
ing another reflection paper on this subject, which will hopefully
provide further clarity on the non-clinical regulatory requirements
for ASOs.

This presentation summarises a series of case studies where
data (blinded where necessary) have been submitted to the Agency
by way of a scientific advice request, CTA applications or MAAs.
Together, the examples presented highlight the approaches taken
by pharmaceutical companies, the applicability and limitations of
the current regulatory guidance and the most common deficien-
cies which lead to the request for further information and/or the
conduct of additional studies. It is evident that the nature of the
studies required will be largely dependent upon on vs off-target
efficacy, the distribution profile and the resultant toxicity profile
of the ASO, and to an extent, acceptability is agreed on a case-by-
case basis. However; the case studies highlight a series of common
themes such as the need to (i) investigate the pharmacological

https://doi.org/10.1016/j.toxlet.2018.06.1109
https://doi.org/10.1016/j.toxlet.2018.06.1110
https://doi.org/10.1016/j.toxlet.2018.06.1111
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effects and/or qualify chain shortened metabolites or fragments
where applicable [as per ICH M3(R2)] and (ii) clarify the clinical
relevance of observed findings in toxicity studies either by way of
discussion or further investigative studies.

https://doi.org/10.1016/j.toxlet.2018.06.1112

Session 06 – Microphysiological human stem cell systems for
toxicity testing

S06-01
New developments in human stem cell-based
models for toxicity testing

J. Hengstler ∗ , P. Godoy

Leibniz Research Centre for Working Environment and Human
Factors, Toxicology, Toxicology, Germany

The differentiation of stem cells to hepatocyte-like cells (HLC) offers
the perspective of unlimited supply of human hepatocytes. How-
ever, the degree of differentiation of HLC remains controversial.
To obtain an unbiased characterization, we performed a transcrip-
tomic study with HLC derived from human embryonic and induced
stem cells (ESC, hiPSC) including analysis by single cell sequencing.
Gene regulatory network analysis demonstrated that HLC repre-
sent a mixed cell type with features of liver, intestine, fibroblast
and stem cells. The “unwanted” intestinal features were associ-
ated with KLF5 and CDX2 transcriptional networks. Cluster analysis
identified highly correlated groups of genes associated with mature
liver functions and downregulated proliferation associated genes
(n = 1562) that approach levels of primary hepatocytes. However,
three further clusters containing 447, 101, and 505 genes failed to
reach levels of hepatocytes. Key TF of two of these clusters include
SOX11, FOXQ1, and YBX3. The third unsuccessful cluster, controlled
by HNF1, CAR, FXR, and PXR, strongly overlaps with genes repressed
in cultivated hepatocytes compared to freshly isolated hepatocytes,
suggesting that current in vitro conditions lack stimuli required to
maintain gene expression in hepatocytes, which consequently also
explains a corresponding deficiency of HLC. An interesting result
was obtained by single cell sequencing. Although the starting cell
population was homogeneous, the differentiation protocol resulted
in distinct cell populations with a different degree of differentia-
tion. Finally, based on a study with 72 compounds, the accuracy by
which primary human hepatocytes, the current gold standard, and
HLCs allow prediction of human hepatotoxicity will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1113

S06-02
Human skin-derived precursors and their
applications in hepatic toxicology

R.M. Rodrigues ∗ , J. Boeckmans, A. Natale, K. Buyl, J. De Kock,
V. Rogiers, T. Vanhaecke

Vrije Universiteit Brussel, In Vitro Toxicology and
Dermato-Cosmetology, Brussels, Belgium

Human skin precursors (hSKPs) are highly proliferative, multipo-
tent adult stem cells that can be easily isolated from small human
skin segments. Upon sequential exposure to hepatic growth fac-
tors that guide liver development, hSKP can differentiate towards
cells (hSKP-HPC) with characteristics of both hepatic progenitor-
like cells and mature hepatocytes. As such, these cells express
prominin 1, epithelial cell adhesion molecule and flavin-containing
monooxygenases, but also albumin and cytochrome P450 1B1.

When triggered by drugs known to cause hepatotoxicity, i.e.
acetaminophen, amiodarone or sodium valproate, hSKP-HPC show
characteristic responses typical of drug-induced acute liver failure,
phospholipidosis and hepatic steatosis, respectively. In this con-
text, hSKP-HPC perform similarly to primary human hepatocyte
cultures and better than the often used HepG2 cell line.

In addition, hSKP-HPC are also very sensitive to increased lev-
els of physiological molecules such as insulin, glucose and fatty
acids. High concentrations of these compounds, which are com-
monly associated with obesity, insulin resistance and fatty liver,
also induce steatosis in hSKP-HPC. The mechanisms involved in
this adverse response include altered de novo lipogenesis, inhibi-
tion of mitochondrial function and impaired triglyceride transport.
Additional hepatotoxic effects, such as endoplasmic reticulum
stress, oxidative stress, apoptosis and secretion of inflammatory
chemokines are also observed if the steatotic cells are con-
comitantly exposed to proinflammatory cytokines (eg. TNF-alpha,
IL-1-beta, TGF-beta), mimicking liver inflammation.

In conclusion, our data show that hSKP-HPC represent an
interesting human-based hepatic cell model for investigating drug-
induced liver injury (DILI) in vitro as well as the hepatotoxic
potential of endogenous molecules that can cause liver injury.

https://doi.org/10.1016/j.toxlet.2018.06.1114

S06-03
A human brain microphysiological iPSC-derived
system to study neurotoxicity

H.T. Hogberg 1,∗ , P. Barreras 2, M. Chesnut 1, L. Gama 3, G. Harris 1,
C.A. Pardo 2, L. Smirnova 1, X. Zhong 1, T. Hartung 1, D. Pamies 1

1 Johns Hopkins Bloomberg School of Public Health, Center for
Alternatives to Animal Testing, Baltimore, US
2 Johns Hopkins School of Medicine, Department of Neurology,
Baltimore, US
3 Johns Hopkins School of Medicine, Division of Neuroimmunology,
Baltimore, US

Lately it has become evident that more complex in vitro cell mod-
els, such as three dimensional (3D) test systems are essential to
reproduce the architecture and function of an organ. This holds
especially true for the central nervous system (CNS) which consist
of numerous different cell types. The improved cell-cell interac-
tion in the 3D structure enhances neurogenesis, synapse formation
and axon myelination. In addition to the improved structure and
cell connectivity, 3D cultures have shown increased survival and
enhanced neuronal differentiation compared to traditional mono-
layer cultures.

Our group has developed reproducible induced pluripotent
stem cells (iPSC) derived human 3D neural cell systems, com-
prised of differentiated neurons (glutamatergic, dopaminergic and
GABAergic neurons) and glial cells (astrocytes and oligodendro-
cytes).

These systems display induction of genes that play important
roles in neurodevelopment as well as presence of active neuronal
receptors confirmed by functional calcium live imaging and elec-
trical activity measurements. Moreover, the models reveals more
than 40% overall myelination, something rarely seen in vitro so far.

The systems have been used for numerous different appli-
cations, including (developmental) neurotoxicity, Parkinson’s
disease, cancer, resilience, blood-brain barrier, autism, Down’s syn-
drome, inflammation, Zika, and other virus infections.

The possibility to infect our human iPSCs model with viruses
such as Zika and JC-virus is especially exciting as very few animal
and in vitro cell models been able to recapitulate these pathologies.

https://doi.org/10.1016/j.toxlet.2018.06.1112
https://doi.org/10.1016/j.toxlet.2018.06.1113
https://doi.org/10.1016/j.toxlet.2018.06.1114
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The use of iPSC has the potential to add a personalized
component as cells from different donors with various genetic
backgrounds can be obtained. This makes it possible to also
study gene-environmental interactions, which is believed to be
of importance for development of some diseases, e.g. autism and
neurodegenerative disorders. Overall, our data show that these 3D
neural models have the potential to improve studies of human dis-
ease and toxicity.

Funded by NIH #1U18TR000547, ARDF, Colgate-Palmolive.

https://doi.org/10.1016/j.toxlet.2018.06.1115

S06-04
Stem cell derived human organ cells for toxicity
testing in microfluidic devices

C.-F.A. Mandenius

Linköping University, IFM/Biotechnology, Linköping, Sweden

Experiences of using stem cell derived cells in microfluidics
devices for toxicity testing from the EU-IMI project StemBANCC
are reviewed.

The aim of the StemBANCC project has been to provide well
characterised patient derived induced pluripotent stem cell lines
and associated biomaterials in an accessible and sustainable bio-
bank. These cell lines have been used for developing in vitro assays
to support safety pharmacology. A part of the assays has targeted
organ-on-a-chip with cardiomyocytes, hepatocytes and neuronal
cells in 3D microfluidic setups. The presentation will provide an
overview of developed assay protocols with device design in focus.
Progress with devices for hepatoxicity and cardiotoxicity testing
will especially be highlighted in relation to testing of drugs and
toxicants [1–4].
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S06-05
Microphysiological human stem cell systems
for toxicity testing

S. Coecke 2 , G. Bowe 2, P. Browne 1,∗

1 OECD, Environment, Health and Safety Division, Environment
Directorate, Paris, France
2 European Commission Joint Research Centre, EURL ECVAM, Ispra,
Italy

There is a strong belief that in vitro methods are fast becoming
the key tool for a new way of doing toxicology. However, their
potential will not be fully realised if they are not developed and
applied in a way that scientific integrity and quality is assured.
The data they produce will not be trusted by decision makers.
A revealing paper (Nature 533, 452–454, 2016) showed that
70% of researchers have tried and failed to reproduce another
scientist’s experiment and more than half of the researchers

failed to reproduce their own experiments. These dramatic data
call for incentives for better practice. With the development
of new high-throughput technologies, stem cells and new cul-
ture technologies (organo-typical cell cultures, organ-on-a-chip
technologies) new challenges are presented for reproducibility
of such advanced test systems. Good In vitro Method Practices
(GIVIMP) for the development and implementation of in vitro
methods for regulatory use in human safety assessment aims at
reducing the uncertainties in cell and tissue-based in vitro method
derived predictions. The drafting of an OECD GIVIMP guidance
document has been coordinated by the European validation body
EURL ECVAM. GIVIMP tackles ten important aspects related to
in vitro work: (1) Roles and responsibilities, (2) Quality consid-
erations, (3) Facilities (4) Apparatus, material and reagents, (5)
Test systems, (6) Test and reference/control items, (7) Standard
operating procedures (SOPs), (8) Performance of the method, (9)
Reporting of results, (10) Storage and retention of records and
materials.

https://doi.org/10.1016/j.toxlet.2018.06.1117

Session 07 – Detecting immunotoxicity of nanomaterials: from
in vitro to rapid predictive testing

S07-01
In vitro models for predictive immunological
testing of nanopharmaceuticals targeted to
human epithelial barriers

C.-M. Lehr 1,3,∗ , M. Hittinger 2, B. Loretz 1, X. Murgia 1,
C. Carvalho-Wodarz 1, N. Schneider-Daum 1

1 Helmhotz Institute for Pharmaceutical Research Saarland -HIPS,
Saarbrücken, Germany
2 PharmBioTec GmbH, Saarbrücken, Germany
3 Saarland Univeristy, Pharmacy, Saarbrücken, Germany

Nanotechnology has not only provided novel materials for technical
applications, but has also made major impact on the pharmaceuti-
cal industry. The complex regulatory framework of drugs requires
a thorough assessment of their safety, but also of their efficacy
before entering clinical trials in humans. While animal experiments
nowadays still appear as unavoidable in this context, the results
from such studies are often not predictive for the situation in man.
Research into more predictive alternative testing methods is there-
fore important not only from an animal welfare point of view,
but also for making better and safe medicines faster accessible to
patients.

Our team has a longstanding interest and expertise in the
improved, ideally non-invasive (“needle-free”) delivery of drugs
and vaccines, especially in the context of infectious and inflam-
matory diseases. To study inflammatory bowel disease, we have
described a 3D coculture of human intestinal epithelial cells
and immune cells, allowing to measure surrogate inflammatory
biomarkers relevant in clinical practice. As regards the lung, we
were the first to publish a primary culture of human alveolar type
1-like cells with tight intercellular junctions, allowing to perform
meaningful drug transport studies across the human air-blood
barrier. This approach has been expanded to non-cellular barriers,
such as mucus and surfactant, as well as to cocultures with alveolar
macrophages and other immune cells. Currently we are moving
towards the implementation of bacterial biofilms models and
devices for he controlled deposition of metered aerosol powders.
As regards the skin we are interested in the follicular delivery
of nanoparticles, which emerged as a potential drug delivery
route as a result of safety assessment investigations on dermally
applied nanomaterials and has meanwhile led to a promising

https://doi.org/10.1016/j.toxlet.2018.06.1115
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strategy for non-invasive vaccination and the treatment of alopecia
areata.

https://doi.org/10.1016/j.toxlet.2018.06.1118

S07-02
Advanced models and detection systems for
evaluating immunotoxicity of nanomaterials in
health and disease

Y. Kohl

Fraunhofer Institute for Biomedical Engineering IBMT, Sulzbach,
Germany

A serious lack of information concerning the potential health risks
of nano-sized materials leads to the need for new sensitive models
and technologies to assess the risks of nanomaterial-cell interac-
tions. In basic research, as well as in applied research, in pharma
safety and risk assessment there is a need for more realistic in vivo-
like non-animal models and a faster generation of reliable data.
In recent years, the question of different immunotoxic effects of
nanomaterials in healthy and diseased tissue has come into focus
in nanosafety assessment. Against this background and consid-
ering the 3R principle, there is a need for high-quality tools for
(nano)safety assessment.

The development of advanced in vivo-like non-animal mod-
els and new screening tools for nanomaterial profiling and
non-invasive cell characterization will be presented. Individual
chip-based microfluidic modules were established as devices for
(nano)toxicity screening. These modules are integrated in a minia-
turized incubator microscope enabling continuous cultivation and
optical analysis. Integrated electrodes guarantee online impedance
measurements of the cultured cell barriers (e.g. the intestine bar-
rier). Due to the porous membranes of the modules, the microfluidic
module guarantees the cultivation of 2D or 3D cell barrier models
as well as primary models and stem cell derived in vitro models. The
technology is also suitable for real-life exposure (low-dose, chronic)
of immune - and disease models. Using different sensor modules
this platform allows an effective real-time analysis of nanotoxicity.

The screening platform allows the grouping and identify-
ing of nanomaterials, but also of chemicals. This technology
offers excellent potential as a non-invasive screening platform for
immunotoxicity and other nanomaterial-induced effects.

https://doi.org/10.1016/j.toxlet.2018.06.1119

S07-03
Immune response-on-chip: microfluidic
systems for detecting human inflammatory
response to nanomaterials

P. Ertl 1,∗ , H. Kiener 2, H. Zirath 1, P. Schuller 1

1 Technische Universität Wien, Faculty of Technical Chemistry,
Vienna, Austria
2 Medical University Vienna, Inner Medicine III, Vienna, Austria

In the last decade, the application of nanomaterials (NMs)
in technical products and biomedicine has become a rapidly
increasing market trend. Nanoparticles are used as vaccine car-
riers, adjuvants, and drug delivery vehicles to target specific
inflammation-associated diseases or cancer. Therefore, cellular
immune responses to nanoparticles must be considered when
developing a nanomaterial for in vivo application. As the safety and
efficacy of NMs are of utmost importance, new methods are needed
to study the dynamic interactions of NMs at the nano-biointerface.
To bridge this technological gap, we present various microfluidic

cell culture systems containing embedded optical and electri-
cal impedance microsensors as well as off-chip time-resolved
immunoassays to continuously and non-invasively monitor oxygen
uptake rates and morphological alterations in 2D and 3D microflu-
idic human synovium cultures. Models of healthy and inflammed
synovial tissue cultures simmulating rheumatic arthritis have been
implemented to assess whether an inflammatory environment
enhances cytotoxic effects of nanomaterials.

https://doi.org/10.1016/j.toxlet.2018.06.1120

S07-04
Towards realistic in vitro models for prediction
of nanomaterials’ immunotoxicity and impact
on immune response development

I. Nelissen

VITO NV, Nanoscale Biomarkers, MOL, Belgium

Risks for human health deriving from exposure to engineered
nanomaterials are currently mainly assessed based on informa-
tion from animal experiments. Economic and ethical constraints
related to the testing of potentially thousands of different nanoma-
terials, however, call for adequate and relevant in vitro test systems
and intelligent testing strategies. To assess the potential hazard of
engineered nanoparticles advanced in vitro models reflecting key
biological processes, and adapted for real-life exposure scenarios
are necessary. Ideally such models are of primary origin and allow
for chronic, low-dose nanoparticle exposure.

Development of advanced in vitro models of innate and adaptive
immunity, and their application for hazard assessment of gold and
silver nanoparticles will be presented. An advanced human primary
monocyte-based model which reproduces the full course of the
physiological inflammatory response, from initiation and develop-
ment to resolution, has recently been implemented to investigate
nanoparticles’ interference with the resolution of the inflamma-
tory reaction (Li et al., ACS Appl Mater Interfaces 2016). Based on
an in vitro model of human primary derived dendritic cells con-
cepts for assessing effects of nanoparticles on immune response
development and of nanoparticle exposure in the presence of sen-
sitizing conditions (Deville et al., Nanotoxicology 2016) have been
developed to capture early steps in the adaptive immune cascade.
These models offer excellent potential as a first screening of nano-
materials’ immunotoxicity and to unreveal initiating events in the
adverse outcome pathway. Potential of the models for translation
to simplified assays will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1121

Session 08 – Systems-biology-based 3R methods in toxicology

S08-01
Single cell imaging for quantitative systems
toxicology of hepatoxicity

B. van de Water 1,∗ , M. Leist 2, J. Beltman 1, H. Kamp 3,
J. Hengstler 4

1 Leiden University, Leiden, Netherlands
2 Konstanz University, Konstanz, Germany
3 BASF, Ludwigshafen, Germany
4 Ifado, Dortmund, Germany

Liver toxicity is the most prevalent adverse event of chemical and
drug exposure in pre-clinical species and humans. The activation
of stress response pathways is a critical event in chemical-induced
liver injury and drives both adaptation and repair of liver cell

https://doi.org/10.1016/j.toxlet.2018.06.1118
https://doi.org/10.1016/j.toxlet.2018.06.1119
https://doi.org/10.1016/j.toxlet.2018.06.1120
https://doi.org/10.1016/j.toxlet.2018.06.1121


ARTICLE IN PRESSG Model

16 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

from sublethal insults, as well as the adverse cellular outcome,
e.g. cell death. The ultimate cell demise depends on the type(s)
of stress response pathway(s) and the type and extend of cell
injury. In the collaborative Dutch-German Innovative Systems Tox-
icology SysBioToP project we aim to systematically unravel the
quantitative relationship between stress response pathway acti-
vation and onset of cell demise. For this we have applied both
omics strategies including transcriptomics and metabolomics as
well as single cell analysis of stress response pathway activation.
Here we report on the systematic analysis of stress response path-
way activation by medicines that have a liability for drug-induced
liver injuyr (DILI). We have fluorescently tagged the different key
sensors, transcription factors and downstream targets of the most
prominent stress pathways relevant to toxicity: oxidative stress,
unfolded protein response and DNA damage response. Using live
cell imaging we have quantitatively mapped the pathway reporter
activation of in total fifteen fluorescent protein reporters dur-
ing 72 hr treatment using confocal imaging for 30 different DILI
compounds. In parallel, for these DILI compounds we established
cellular metabolomics data as well as activation of toxicity related
kinase signaling pathways. These datasets were mirrored against
the onset of biochemical perturbations and cellular toxicity. The
quantitative dynamic stress response data have been applied for the
optimization of computational biology ordinary differential equa-
tion (ODE) pathway models for cellular stress response activation
in the relation to the onset of cell death. Our studies are a step-
ping stone towards quantitative systems toxicology approaches for
the prediction of adverse outcomes based on mechanistic pathway
of toxicity information. We anticipate that our current proof-of-
concept studies will enhance the uptake of systems toxicology
approaches in early phases of drug, cosmetic and agrochemical
discovery and development.

https://doi.org/10.1016/j.toxlet.2018.06.1122

S08-02
Integration of mechanism-based in vitro
methods and quantitative in vitro-in vivo
extrapolation (QIVIVE) modelling for prediction
of nephrotoxicity

A. Mally 1,∗ , B. Birk 2, S. DiFiore 3, B. Ellinger 4, S. Jarzina 1,
F. Taverne 5, N. Kramer 5

1 University of Würzburg, Department of Toxicology, Würzburg,
Germany
2 BASF, Experimental Toxicology & Ecology, Ludwigshafen, Germany
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4 Fraunhofer Institute for Molecular Biology and Applied Ecology,
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Toxicology Division, Utrecht, Netherlands

There is wide consensus among the scientific community that
transforming drug/chemical safety testing from assessing apical
toxicity endpoints in animals to mechanism-based endpoints in
human cells requires the integration of systems-biology, toxicology
and 3R research with predictive modelling. With the overall aim
of contributing to the development of integrated animal-sparing
approaches to assessment of repeated dose systemic toxicity, the
Risk-IT project, a public-private collaboration funded through the
“Innovative systems toxicology for alternatives to animal testing”
joint Dutch-German funding scheme, attempts to implement the
adverse outcome pathway (AOP) concept as a basis for the devel-
opment of in vitro bioactivity assays that cover key events (KEs)
across AOPs and that can be integrated with quantitative in vitro

to in vivo extrapolation (QIVIVE) and exposure modelling to derive
quantitative risk estimates. Focusing on the kidney as an exem-
plary key target organ of toxicity, the presentation will cover (1)
development and critical evaluation of AOPs leading to proximal
tubule injury, (2) application of the mechanistic framework to
derive suitable in vitro endpoints reflecting KEs across the AOPs, (3)
utilization of model compounds in order to establish quantitative
relationships between KEs, and (4) reverse toxicokinetic modelling
to transform in vitro concentration to in vivo oral dose to generate a
point of departure for human risk assessment. Conceptual and tech-
nical challenges of the overall approach and sources of uncertainty
will be highlighted.

https://doi.org/10.1016/j.toxlet.2018.06.1123

S08-03
N3RvousSystem: A 3R systems biology strategy
for human neurotoxicity hazard, risk and safety
assessment

R.H.S. Westerink 1,∗ , C. Albrecht 2, A. Sofranko 2, B. Stahlmecke 3,
D. Breitenstein 4, D. Pijnenburg 5, B. Bokkers 6, R.P.F. Schins 2,
H.J. Heusinkveld 1,6

1 Utrecht University, Neurotoxicology Research Group, Institute for
Risk Assessment Sciences (IRAS), Utrecht, Netherlands
2 IUF - Leibniz Research Institute for Environmental Medicine,
Düsseldorf, Germany
3 Institute for Energy and Environmental Technology e.V. (IUTA),
Duisburg, Germany
4 Tascon GmbH, Münster, Germany
5 PamGene BV, ‘s Hertogenbosch, Netherlands
6 National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands

Humans are exposed to numerous chemicals via the environment.
To prevent adverse health effects and to comply with interna-
tional regulations such as REACH, extensive toxicity testing is
required before chemicals are allowed on the market. However,
current assessment of neurotoxicity strongly relies on expensive
and ethically debated animal tests. The aim of the multidisciplinary
N3rvousSystem consortium, jointly funded by the Netherlands
Organisation for Health Research and Development (ZonMW) and
the German Federal Ministry of Education and Research (BMBF),
is therefore to develop an integrated systems biology-based 3R-
testing strategy to detect adverse effects on the (developing) brain
resulting from chemical exposure.

N3rvousSystem combines the application of a number of inno-
vative in vitro models (primary rat cortical cultures and (human)
cell lines) to test the acute and (sub)chronic neurotoxic effects
of a reference set of conventional chemicals and nanomateri-
als using Micro-Electrode Array (MEA) recordings, intracellular
calcium imaging and kinase activity to provide mechanistic infor-
mation regarding the mode of action. To evaluate whether in vitro
models reliably predict neurotoxicity, the results will be compared
to a limited number of animal experiments to detect neurotox-
icity, neuro-inflammation, neurophysiological impairments and
development of behavioural impairments in mice using a modi-
fied testing protocol (based on OECD Guideline 424) that includes
the Benchmark Dose approach. To evaluate the applicability of
the N3rvousSystem strategy for engineered nanoparticles, scan-
ning electron microscopy (SEM) and Time of Flight - Secondary Ion
Mass Spectrometry (ToF-SIMS) analysis is performed on intestine
and brain samples to identify the occurrence as well as the lateral
distribution of (the pre-characterized) nanoparticles.

Data from this research, combined with information from lit-
erature, will be used for physiologically based pharmacokinetic

https://doi.org/10.1016/j.toxlet.2018.06.1122
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(PBPK) modelling to predict neurotoxicity in humans. As such,
N3RvousSystem will contribute to an improved risk and safety
assessment framework for environmental chemicals, including
engineered nanoparticles.

https://doi.org/10.1016/j.toxlet.2018.06.1124

S08-04
Rapid toxicity screening of chemicals
combining in vitro high-throughput
transcriptomics, toxicokinetics and exposure
estimates

R. Judson

US Environmental Protection Agency, National Center for
Computational Toxicology, RTP, US

There are thousands of man-made chemicals in commerce with
little to no animal-based toxicity testing data necessary for per-
forming traditional risk assessments. One alternative approach to
fill these data gaps is testing chemicals using in vitro systems
(cells, tissues) to identify concentrations with no observed biolog-
ical effect (NOEC) and characterize toxicokinetic parameters for
comparisons between in vitro NOEC values and in vivo oral, der-
mal or inhalation no observed effect levels (NOELs). By combining
these values with predicted exposure levels, one can calculate a
bioactivity-exposure ratio (BER = NOEL/exposure). For chemicals
with BER values »1, there is a large margin of safety, suggesting
these chemicals could be of lower priority for further evaluation.
For chemicals with BER less than or close to 1, further evalua-
tion could be warranted. This talk will discuss progress using this
prioritization approach. We have generated whole-genome tran-
scriptomics data on ∼2000 chemicals in concertation-response,
allowing us to generate initial NOEC-like values using multiple
modeling approaches (e.g. gene-based vs. pathway-based). Addi-
tionally, these data allow us to make predictions of chemical targets
or mechanism of action at concentrations above the NOEC, using
gene-based, pathway-based and reference-chemical-based meth-
ods (e.g. CMAP profiling). For many of these chemicals, we also have
in vitro toxicokinetic and exposure data, allowing us estimate BER
values. A final element of this analysis is the inclusion of uncertainty
estimates. General modeling approaches, including challenges, will
be discussed, and specific examples will be provided.

This work does not reflect the official policy of the US EPA.

https://doi.org/10.1016/j.toxlet.2018.06.1125

Session 09 – Open Source Platforms in chemical risk assessment:
Means to translate 21st century research and tools to the risk
assessment community?

S09-01
In vitro models and opensource toxicokinetic
databases to support quantitative in vitro to in
vivo extrapolation for human risk assessment

H. Clewell

Ramboll, Research Triangle Park, North Carolina, US

There is an increasing need to be able to rapidly deal with large
volumes of exposure and toxicity data to assess the potential risks
from new and existing chemicals. Easy to use and yet robust sim-
ulation tools are needed to incorporate biokinetics into modern
toxicity testing and risk assessment processes, particularly those
based on high-throughput in vitro assay results. To support both
screening and assessment phases of risk assessment, these tools

need to be flexible in terms of data requirements. Previous efforts
in biokinetic modelling have been conducted on a chemical by
chemical basis, which is entirely too slow for dealing with large
numbers of compounds. Instead, biokinetic modelling in the future
must focus on defining a comprehensive physiological/biochemical
modelling framework, encompassing human life stages from con-
ception to senescence, in which the in vivo biokinetics of chemicals
can be rapidly predicted. Chemical specific data generated from
in silico prediction methods, available database resources, and in
vitro experimental studies can then be placed in the framework to
simulate human exposure to a new chemical in a human exposure
condition of concern. This presentation will provide an overview of
ways in which in vitro biokinetic data and modelling can be used to
support in vitro to in vivo extrapolation (IVIVE) for rapid interpre-
tation of toxicity data on large numbers of chemicals, from simple
approaches that can be used in high-throughput screening to the
more complicated approaches that are necessary to provide accu-
rate risk assessments. Several open-source modelling platforms
that are becoming available to support these IVIVE approaches will
be described.

https://doi.org/10.1016/j.toxlet.2018.06.1126

S09-02
Advancing risk assessment of cosmetics using
COSMOS in silico modelling and database

A. Paini ∗ , A.N. Richarz, J.V. Sala Benito, A.P. Worth

European Commission Joint Research Centre, Directorate Health,
Consumers and Reference Materials, Ispra, Italy

Automation is universal in today’s society, from operating equip-
ment such as machinery, in factory processes, to self-parking
automobile systems. Future human safety assessments will rely
increasingly on the use of automated mathematical models as
alternatives to animal testing, such as physiologically based kinetic
(PBK) and dynamic (PBD) models and models simulating in vitro
fate and transport, such as the virtual cell based assay (VCBA).
During the COSMOS project (2011- 2015, www.cosmostox.eu) a
range of automated ADMET models were developed with the aim
to support chemical safety assessment with regard to repeated dose
toxicity, focusing on cosmetic related substances. The COSMOS
modelling outputs can be summarized in models for absorption, for
biokinetics, for structural alerts and toxicity, and for chemical space
analysis and ranking; another output was the COSMOS Database
of toxicological information (cosmosdb.eu). The KNIME Analytics
Platform (www.knime.com) was used to develop and to provide
a user-friendly graphical interface to quickly assess and execute
all models developed, which are accessible through the COSMOS
KNIME Webportal (knimewebportal.cosmostox.eu). This presen-
tation will focus on the biokinetic models and associated KNIME
workflows, which allow simulations of the fate of chemicals in vivo
within the body (PBK models) and in in vitro test systems (VCBA)
respectively in an automated way and will be presented to show
how the development of automated software tools is an important
step in harmonising and expediting the chemical safety assessment
process in the 21st century. Although the COSMOS project is over,
the legacy is still ongoing through uptake of the COSMOS models
and in the COSMOS DataShare Point initiative (https://www.mn-
am.com/projects/cosmosdatasharepoint).

https://doi.org/10.1016/j.toxlet.2018.06.1127
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S09-03
Reconnecting exposure, toxicokinetics and
toxicity in food safety: OpenFoodTox and
TKplate for human health, animal health and
ecological risk assessment

J.-L.C.M. Dorne 1,∗ , B. Amzal 2, N. Quignot 2, W. Wiecek 3,
A. Grech 4, C. Brochot 4, R. Beaudouin 4, F. Bois 4, A. Ragas 5,
L. Lautz 5, R. Oldenkamp 5, C. Bechaux 6, K. Darney 6, N. Kramer 7,
E. Kasteel 7, E. Testai 13, L. Turco 13, S. Vichi 13, F. Buratti 13,
E. Di Consiglio 13, J. Baas 8, S. Augustine 10, G. Marques 9,
G.E. Kass 1, L. Reilly 1, J. Richardson 1, M. Gilsenan 1, B. Dujardin 1,
H. Verhagen 1, G. De Seze 1, D. Spyropoulos 1, A. Nougadere 1,
J. Cortinas-Abrahantes 1, A. Livaniou 1, P. Manini 1, D. Verloo 1,
A. Bassan 12, L. Ceriani 12, M. Pavan 12, C. Tebby 4, E. Benfenati 11,
A. Paini 14, D. Liem 1, T. Robinson 1

1 EFSA, Parma, Italy
2 Analytica laser, Paris, France
3 Analytica laser, London, UK
4 INERIS, Paris, France
5 RADBOUD University, Niemigen, Netherlands
6 ANSES, Paris, France
7 University of Utrecht, Utrecht, Netherlands
8 Center for Ecology and Hydrology, Wallingford, UK
9 Terraprima – Serviços Ambientais, Lisbon, Portugal
10 Akvaplan-niva, Fram – High North Research Centre for Climate
and the Environment, Tromsø, Norway
11 Istituto Mario Negri, Milan, Italy
12 Soluzione Informatiche, Vicenza, Italy
13 Istituto Superiore di Sanita, Rome, Italy
14 Joint Research Center of the European Commission, Ispra, Italy

In food safety, sound risk characterisation requires the integration
of external dose (oral exposure), internal dose (toxicokinetics (TK)
and toxicodynamic (TD) data. Here, a workflow allowing such inte-
gration is presented and illustrated with examples from the human
health, animal health and ecological area.

Since its creation in 2002, the European Food Safety Authority
(EFSA) has performed risk assessments for more than 5000 chemi-
cals. An open source database: OpenFoodTox, designed using OECD
harmonised templates, and providing summary toxicological data
used by EFSA for setting safe levels (reference points and reference
values) of food and feed chemicals in humans, animals and the
environment has been recently published. OpenFoodTox is avail-
able in a. EFSA’s Data Warehouse as a microstrategy tool, b. EFSA’s
knowledge junction for full download, c. The OECD e-chem portal.

Since 2014, EFSA has funded collaborative research to develop
generic TK and PB-TK models in the R freeware available on an
open source modelling platform: TK Plate, to support integration
of exposure, TK and TD parameters under different situations (data
poor, data rich). Several models have been developed including TK
and PB-TK models in humans, farm and companion animals (pig,
chicken, cat, sheep), fish (zebra fish, rainbow trout, fathead min-
now) and Dynamic Energy Budget (DEB) models for terrestrial and
aquatic organisms. The first prototype of TKPlate has been designed
for human TK and PB-PK models using the US-EPA ‘httk’ package
and includes variability distributions for human metabolism.

Future developments of OpenFoodTox 2.0 and TK Plate include:
1. Data collection for physico-chemical properties, TK, biodegra-
dation and bioaccumulation data, exposure data, 2. Integration of
QSAR tools to predict TK and TD properties, 3. Integration of all
models in TKplate for all species, 4. Development of a guidance
document to illustrate the global use of TK and metabolism data in
chemical risk assessment with case studies (e.g. regulated products
and contaminants).

In conclusion, the importance of international cooperation is
emphasised, in particular between national, international scientific
advisory bodies and academic institutions as the corner stone for
the translation of 21st century toxicology into harmonised method-
ologies and tools and for the training of the next generation of risk
assessors.

https://doi.org/10.1016/j.toxlet.2018.06.1128

S09-04
Free access platforms for integrating
environmental chemical exposure and hazard
information

C. Tan 1,∗ , J. Leonard 2, J. Wambaugh 3, K. Isaacs 1, D. Villeneuve 4,
C. LaLone 4, S. Edwards 5,6, A. Williams 3, C. Grulke 3

1 US Environmental Protection Agency, National Exposure Research
Laboratory, Research Triangle Park, North Carolina, US
2 Oak Ridge Institute for Science and Education, Oak Ridge,
Tennessee, US
3 US Environmental Protection Agency, National Center for
Computational Toxicology, Research Triangle Park, North Carolina, US
4 US Environmental Protection Agency, National Health and
Environmental Effects Research Laboratory, Duluth, Minnesota, US
5 US Environmental Protection Agency, National Health and
Environmental Effects Research Laboratory, Research Triangle Park,
North Carolina, US
6 RTI International, Research Computing Division, Research Triangle
Park, North Carolina, US

Numerous free access platforms have been developed by the
United States Environmental Protection Agency, Office of Research
and Development, to inform chemical hazard and exposure. For
example, the Computational Toxicology (CompTox) Chemistry
Dashboard provides public access to data associated with ∼760,000
chemical substances. Those data include chemical structures,
physicochemical properties, in vitro and in vivo toxicity testing
results, and information that can be used to parameterize exposure
models (e.g., source or functional use). The Chemistry Dashboard
also links to other Agency applications, such as an R package
for high-throughput toxicokinetics, and external databases like
PubChem. Similarly, the Ecotoxicology (ECOTOX) Knowledgebase
integrates information from three individual databases (aquatic,
terrestrial, and plant toxicology) to provide a free access tool capa-
ble of being queried by chemical identifiers (e.g., names), species,
or toxicological endpoints. These chemical-centric platforms are
complemented by biology-focused platforms, such as the Adverse
Outcome Pathway (AOP) Wiki and the Sequence Alignment to Pre-
dict Across Species Susceptibility (SeqAPASS). The AOP Wiki acts as
one of the modules contained within an international AOP Knowl-
edgebase and provides expert evaluations of the evidence linking
toxicity pathway associated with high throughput assays to adverse
outcomes. The SeqAPASS tool can be used to evaluate conservation
of protein sequences and structure across species as a means to pre-
dict species differences in sensitivity and susceptibility to chemical
exposures. This talk will highlight the above tools as examples that
demonstrate the Agency’s efforts to apply freely available platforms
to facilitate transparent integration, organization, and communica-
tion of data in support of risk assessment strategies.

Disclaimer: The views expressed in this abstract are those of the
authors and do not represent Agency policy or endorsement.

https://doi.org/10.1016/j.toxlet.2018.06.1129
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Symposium: Optimising drug discovery by investigative toxico-
logy: scientific advancements and case studies (Part II) supported
by Sanofi, Roche, Novartis, and Lundbeck

Symp01-06
Investigations into the mechanisms underlying
the severe toxicity of novel inhibitors of the
spindle assembly checkpoint (SAC) pathway –
evidence for the involvement of mitochondrial
dysfunction

M. Raschke 1,∗ , H.M. Himmel 2, C. Ruehl-Fehlert 3, G. Siemeister 4,
L. Baerfaker 5, S. Prechtl 6, A. Borgne-Sanchez 7, R. Zierz 8

1 Bayer AG, Investigational Toxicology, Berlin, Germany
2 Bayer AG, Safety Pharmacology, Wuppertal, Germany
3 Bayer AG, Pathology and Clinical Pathology, Wuppertal, Germany
4 Bayer AG, Oncology, Berlin, Germany
5 Bayer AG, Medicinal Chemistry, Wuppertal, Germany
6 Bayer AG, Screening Cell Biology, Berlin, Germany
7 Mitologics SAS, Parc Biocitech, Romainville, France
8 Bayer AG, Toxicology Project Management, Berlin, Germany

The spindle assembly checkpoint (SAC) is a cellular control mecha-
nism in mitosis and prevents premature entering into cell division.
Inhibition of the SAC is considered a valuable therapeutic mech-
anism of cancer treatment. It allows tumor cells to complete
division with unaligned chromosomes, thereby causing severe
chromosome missegregation and apoptosis induction. BAY-589
was a former lead compound within a new chemical cluster
of SAC inhibitors. Screening for potential off-target activities of
BAY-589 revealed a potent inhibition of the hERG K+ current
and interactions with CNS targets. Exploratory follow-up studies
aimed at the de-risking of these initial findings. In vitro stud-
ies in rabbit cardiac Purkinje fibers resulted in an unexpected
shortening of the action potential duration (APD) and depolariza-
tion of the resting membrane potential in response to BAY-589.
In vivo studies on systemic toxicity and CNS function in rats
revealed severe toxicity including mortality at sub-therapeutic
dose levels. A set of investigations on the potential mechanis-
tic basis of these observed effects pointed to a disturbance of
energy homeostasis. BAY-589 and other compounds from this
structural cluster were tested positive for mitochondrial toxicity
in the glucose-galactose assays and induced loss of mitochon-
drial membrane potential in HepG2 cells in vitro. More in-depth
analyses revealed that BAY-589 is a potent uncoupler of mito-
chondrial respiratory chain and oxidative phosphorylation which
most likely contributed to the unfavorable overall safety profile of
BAY-589.

https://doi.org/10.1016/j.toxlet.2018.06.1130

Symp01-07
Challenges in the assessment of reproductive
toxicology of anti-obesity drugs

F. Bolze 1,∗ , J.M. Rojas 2, R. Bhuwania 1, N.E. Egecioglu 2,
M. Dalgaard 2, L.W. Andersen 1

1 Novo Nordisk A/S, Toxicology Development Projects, Måløv,
Denmark
2 Novo Nordisk A/S, Early Regulatory Toxicology, Måløv, Denmark

The non-clinical safety assessment of anti-obesity drug candidates
is conventionally performed in lean, healthy animals. Yet, a major
challenge in the safety evaluation of anti-obesity compounds is to
determine whether toxicological findings - including histopatho-
logical observations in reproductive organs - are either attributed to

a direct toxicity of the drug or to the drug-induced body weight-loss
(indirect effect).

In particular, the reproductive system is highly sensitive to
perturbations in energy balance. For instance, body weight loss
induced by caloric restriction results in a diminished activity of
the hypothalamus-pituitary-gonadal (HPG) axis and consequently,
delays puberty and impairs fertility in several species. Hypothala-
mic circuits in the brain regulating energy balance are tightly linked
with the HPG axis. These neuronal networks are regulated by mul-
tiple afferent signals which reflect the status of peripheral energy
storage. For instance, sufficient high levels of the adipocyte-derived
hormone leptin are crucial for maintaining a stable activity of the
HPG axis.

We hypothesize that histopathological changes in the reproduc-
tive system during safety testing of anti-obesity drug is secondary
to the drug-induced body weight loss in a lean animals storing
limited amounts of energy reserves.

Besides presenting general challenges in the safety assessment
of anti-obesity compounds, we will suggest experimental settings
including pharmacological approaches for stabilizing the HPG axis
as well as a diet-induced obese rat model to understand the mecha-
nism underlying reproductive findings in safety studies conducted
with normal, healthy animals.

https://doi.org/10.1016/j.toxlet.2018.06.1131

Symp01-08
The discovery of innovative medicines with the
Right Safety to increase R&D productivity

J.J. Hornberg

AstraZeneca, Discovery Safety, Drug Safety and Metabolism, Mölndal,
Sweden

Drug-induced toxicity is still a major issue for development and
clinical use of novel drugs. However, early signs are emerging that
a proactive Discovery Safety strategy, in which the toxicologist acts
as a drug hunting partner, contributes to decreased safety-related
attrition and thereby to increased R&D productivity. Early identifi-
cation and, importantly, subsequent mitigation of potential safety
risks require an arsenal of technologies that aid in gaining mech-
anistic insight into the biology and toxicology of the therapeutic
target and modality, as well as in vitro assays that are predictive
for drug-induced toxicity in the clinic and that are compatible with
the fast pace of the design-make-test-analyze cycles in drug dis-
covery programs. Novel in vitro assays that have high predictivity
for hepatic, renal and respiratory safety risks, will be discussed. In
addition, examples of how kinase inhibitor chemoproteomics and
transcriptomic approaches can be applied to obtain mechanistic
insight into toxicities and provide valuable insight into transla-
tional risk assessment.

https://doi.org/10.1016/j.toxlet.2018.06.1132

Symp01-09
Induction of hemangiosarcoma in mice after
chronic treatment with S1P-modulator
siponimod and its lack of relevance to rat and
human

F. Pognan

Discovery Investigative Safety, Preclinical Safety, Basel, Switzerland

A high incidence of hemangiosarcoma (HSA) was observed in mice
treated for 2 years with siponimod, a sphingosine-1-phosphate
receptor 1 (S1P1) functional antagonist, while no such tumors were

https://doi.org/10.1016/j.toxlet.2018.06.1130
https://doi.org/10.1016/j.toxlet.2018.06.1131
https://doi.org/10.1016/j.toxlet.2018.06.1132
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observed in rats under the same treatment conditions. In 3-month
rat (90 mg/kg/day) and 9-month mouse (25 and 75 mg/kg/day)
in vivo mechanistic studies, vascular endothelial cell (VEC) acti-
vation was observed in both species, but VEC proliferation and
persistent increases in circulating placental growth factor 2 (PLGF2)
was only seen in the mouse. In mice, these effects were sus-
tained over the 9-month study duration, while in rats increased
mitotic gene expression was present at day 3 only and PLGF2 was
induced only during the first week of treatment. In the mouse, the
persistent VEC activation, mitosis induction and PLGF2 stimula-
tion likely led to sustained neo-angiogenesis which over life-long
treatment may result in HSA formation. In rats, despite sustained
VEC activation, the transient mitotic and PLGF2 stimuli did not
result in the formation of HSA. In vitro, the mouse and rat primary
endothelial cell cultures mirrored their respective in vivo findings
for cell proliferation and PLGF2 release. Human VECs, like rat cells,
were unresponsive to siponimod treatment with no proliferative
response and no release of PLGF2 at all tested concentrations. Hence
it is suggested that the human cells also reproduce a lack of in vivo
response to siponimod. In conclusion, the molecular mechanisms
leading to siponimod-induced HSA in mice are considered species
specificand likely irrelevant to humans.

https://doi.org/10.1016/j.toxlet.2018.06.1133

Symp01-10
Application of systems biology to guide
quantitative translation risk assessments

T.A. Collins

AstraZeneca, Drug Safety and Metabolism, Cambridge, UK

Purpose: In order to develop safer and better tolerated drugs, it
is necessary to build translatable models that have the capability
to take pre-clinical safety signals and predict effects in patients.
Additionally these models can be used to identify the mechanism
of action which can aid understanding of the impact in the clinic. It is
vital therefore that these system biology models are scalable to link
cellular changes, can be linked to clinical outcome in a population
of patients.

Methods: Diarrhoea is a limiting side effect of the topoiso-
merase inhibitor irinotecan, however in pre-clinical species this
is observed as rat pathology scores. The model must combine the
gut physiology in terms of enterocyte turnover, differentiation
and shedding, and the differences between these rates in rats and
humans. The dual mTOR inhibitor vistusertib acts on G1S transition
and cell cycle arrest, and this impacts proliferating cells, including
neutrophil counts which can lead to risk of infection in patients.
Several different components were combined including a litera-
ture cell cycle model, a PK model and a semi-mechanistic model of
neutrophil production.

Results: The GI model built for irinotecan in the rat was in good
agreement with the rat pathology scores, and the overall entero-
cyte mass was a good predictor of diarrhoea in the clinic. This gave
confidence to apply to a novel agent entering drug development.
The bone marrow model developed for vistusertib well predicted
the time-course of neutrophil changes in the clinic and can explore
if there is sufficient therapeutic margin under different dosing sce-
narios or novel drug combinations.

https://doi.org/10.1016/j.toxlet.2018.06.1134

Session 10 – Mechanism-based mitochondrial toxicity testing
for chemical safety evaluation

S10-01
Target tissue specific activation of
transcriptional programmes by mitotoxicants

M. Leist

University of Konstanz, Konstanz, Germany

Mitochondria are found in virtually all human cells, and the key
components of mitochondria are usually considered to be univer-
sally conserved. Nevertheless, mitochondrial toxicants can show
specific effects with respect to target tissues and concerning devel-
opmental stages of cells. The underlying reasons for the varying
sensitivity to mitochondrial toxicants of high interest for predictive
toxicology and for risk assessment of pesticides, drugs and chem-
icals. For instance, an adverse outcome pathway (AOP) has been
established that links inhibition of complex I of the mitochondrial
respiratory chain to parkinsonian motor deficits. in this context, it
is unclear, whether the activation of key events can also be tested
in non-target tissues. We explored here the sensitivity of differ-
ent types of human neurons (dopaminergic vs non-dopaminergic),
neural precursors vs mature neurons for up to 20 mitochondrial
toxicants, using phenotypic endpoints and transcriptome profiling.
The data confirm that there are large differences between cell types.
The data sets also revealed activation of canonical gene response
programs that initially lead to cellular resilience, but may also con-
tribute to cell death. The fine balance of the outcome is determined
by cellular factors outside the mitochondria. Several resilience fac-
tors have been identified, and the concept of resilience will need
stronger attention in systems toxicology and in the use of AOP for
toxicity predictions

https://doi.org/10.1016/j.toxlet.2018.06.1135

S10-02
Respirometric screening and characterization
of mitochondrial toxicities induced by ToxCast
chemicals

S.O. Simmons

U.S. EPA, ORD-NCCT, RTP, US

Many chemicals in the environment disrupt mitochondrial func-
tion and can subsequently cause liver, kidney and heart toxicity.
Current high-throughput screening approaches to identify mito-
chondrial toxicants use fluorescent dye-based endpoints that
adeptly detect structural changes to the inner mitochondrial mem-
brane and/or mitochondrial mass, but fail to adequately detect
chemicals that impair mitochondrial function through other mech-
anisms such as inhibition of the electron transport chain (ETC).
A modified version of the Seahorse XF Analyzer mitochondrial
stress test was developed to screen 1,051 chemical samples
comprising the ToxCast Phase I and II chemical libraries using
a tiered approach in human hepatocellular carcinoma (HepG2)
cells. The initial single-concentration (100 �M final) screen iden-
tified 246 putative mitochondrial toxicants (23.4%). Subsequent
concentration-response screening followed by a post hoc cyto-
toxicity assay confirmed the mitochondrial-disrupting activity
first tier actives and provided potency data. Tracking the dose-
dependent effects of the test chemicals as the assay temporally
progressed from basal respiration through uncoupling and culmi-
nating with complete ETC inhibition permitted the classification
mitochondrial toxicants into thee function bins: ETC inhibitors
(e.g. rotenone), uncouplers, and ATP synthase inhibitors (e.g.

https://doi.org/10.1016/j.toxlet.2018.06.1133
https://doi.org/10.1016/j.toxlet.2018.06.1134
https://doi.org/10.1016/j.toxlet.2018.06.1135
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oligomycin). The mutli-concentration profiling also helped to
identify two distinct classes of confounding false positive test
chemicals: cytotoxic chemicals that mimicked ETC inhibitors, and
redox-cycling chemicals that increased non-mitochondrial oxygen
consumption mimicking uncouplers. ETC inhibitors were further
confirmed and characterized using a modified substrate oxidiza-
tion assay in permeabilized HepG2 cells to identify which ETC
complexes were targeted. The data confirms that previous dye-
based mitochondrial toxicity assays underestimated the number
and potency of mitochondrial toxicants among the ToxCast Phase I
and II chemicals.

This abstract does not necessarily reflect US EPA policy.

https://doi.org/10.1016/j.toxlet.2018.06.1136

S10-03
Quantitative assessment of mitochondrial
toxicity and downstream cellular perturbations
in Adverse Outcome Pathways

B. van de Water

Leiden University, Leiden, Netherlands

Mitochondrial function is essential for cell survival and growth.
Many agrochemicals target different complexes of the mitochon-
drial respiratory chain. For one of these inhibitors, the complex I
inhibitor rotenone, epidemiological studies indicate a significant
association between rotenone exposure and Parkinson’s disease.
In the EU-ToxRisk project we made advantage of the recent AOP
“Inhibition of the mitochondrial complex I of nigra striatal neurons
leads to parkinsonian motor deficit” (AOP#3). Here we report on
the systematic evaluation of the effect of 22 different complex I, II
and III inhibitors on the activation of the molecular initiation event
and various key events of this AOP. We used different test systems
(liver, kidney, neuronal cells) and assessed both the mitochondrial
function using cellular oxygen consumption as well as high con-
tent imaging. Moreover, we assessed the downstream activation of
both oxidative stress and unfolded protein response using fluores-
cent protein reporter systems. Specific perturbations of neuronal
dysfunction were assessed using phenotypic assays. We observed
that in particular complex I and III inhibitors are highly effective
in perturbing mitochondrial activity in association with perturba-
tion of the cellular proteostasis as evaluated e.g. by induction of the
unfolded protein response; agrochemicals that inhibit complex II
were not effective in causing mitochondrial dysfunction nor cel-
lular stress responses. While all complex I inhibitors effectively
inhibited mitochondrial function in neuronal cells, only rotenone
and its close analogue deguelin potently interferred with neurite
outgrowth in different neuronal cell test systems. The data indicate
that all human cell-based test systems demonstrate similar poten-
cies towards the different mitochondrial inhibitors. Moreover, the
data provide an understanding of the applicability domain as well
as the challenges of AOPs in assessing chemical safety.

https://doi.org/10.1016/j.toxlet.2018.06.1137

S10-04
Mitochondrial toxicity and oxidative stress:
Defining the tipping point between adaptive
and adverse effects for consumer safety risk
assessment

C. Westmoreland 1,∗ , S. Cooper 1, J. Guo 2, J. Li 1, A. Middleton 1,
J. Reynolds 1, S. Peng 2, B. van de Water 3, A. White 1, H. Yuan 2,
Q. Zhang 4

1 Unilever Safety and Environmental Assurance Centre, Colworth
Science Park, Sharnbrook, UK
2 Evaluation and Research Centre for Toxicology, Institute of Disease
Control and Prevention, PLA, Beijing, China; Academy of Military
Medicines, Academy of Military Sciences, Beijing, China
3 Division of Drug Discovery and Safety, Leiden Academic Centre for
Drug Research, Leiden University, Leiden, Netherlands
4 Department of Environmental Health, Rollins School of Public
Health, Emory University, Atlanta, USA

Within emerging Next Generation Risk Assessment (NGRA) frame-
works, oxidative stress and mitochondrial toxicity are included as
early key events in several Adverse Outcome Pathways (AOPs).
A key challenge is to understand how dose-response information
from non-animal approaches to studying cell stress/mitochondrial
toxicity can be integrated with consumer exposure information
to inform safety risk assessments. To begin to address this, we
adopted a tiered approach to exposure-led risk assessment using
non-animal methodologies to examine oxidative stress and mito-
chondrial toxicity.

Initially the response of a group of case study chemicals
(including doxorubicin, diclofenac, troglitazone, phenoxyethanol,
niacinamide and caffeine) was assessed using a panel of HepG2-
based, high content imaging assays designed to detect effects on
several different cell stress pathways including mitochondrial tox-
icity and oxidative stress. ‘Tipping points’ were then calculated for
each of the dose responses obtained and comparison made to the
approximate levels of systemic exposure observed in humans for
these chemicals. Defining the appropriate tipping points for such
dose responses requires considerably more work to understand
the relevance of in vitro effects on cell stress markers to adap-
tive/adverse responses in vivo (Middleton et al., 2017).

For materials where initial work indicates a potential for mito-
chondrial toxicity, higher tier investigations may be appropriate.
One case study chemical (doxorubicin) was evaluated in a human
cardiac cell line (AC16) and ihPS-derived cardiomyocytes using
markers of mitochondrial toxicity and oxidative stress and tipping
points compared to both measured human systemic levels of doxo-
rubicin in patients undergoing treatment as well as systemic levels
predicted from Physiologically Based Kinetic modelling. In silico
modelling approaches have also been taken to describe the inter-
relationship between the biomarkers of mitochondrial biogenesis
and damage induced by doxorubicin in cardiomyocytes (Yuan et
al., 2016; Yin et al., 2018).

Our initial results indicate that a tiered approach to the effects
of chemicals on cellular stress pathways can be incorporated into
an overall exposure-led framework for NGRA.
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Session 11 – Nrf2 and inflammation

S11-01
The bright and the dark sides of Nrf2 in wound
repair and skin tumorigenesis

S. Werner

ETH Zurich, Institute of Molecular Health Sciences, Zurich,
Switzerland

The Nrf2 transcription factor is a key regulator of the cellular
antioxidant defense system and activation of Nrf2 is therefore a
promising strategy for protection of different tissues and organs
from toxins and other environmental challenges. However, neg-
ative consequences of uncontrolled Nrf2 activation are emerging.
We previously showed that loss of Nrf2 in keratinocytes is detri-
mental for wound healing and also promotes skin carcinogenesis.
By contrast, constitutive activation of Nrf2 in keratinocytes pro-
motes wound healing and mildly protects from DMBA/TPA-induced
skin carcinogenesis. However, activation of Nrf2 in keratinocytes is
detrimental in skin cancer models that do not involve compound
detoxification, resulting in survival of mutated cells in the early
phase of skin carcinogenesis and acceleration of tumor develop-
ment. In addition to keratinocytes, Nrf2 also affects cells of the
wound and tumor stroma. Whereas activation of Nrf2 in myeloid
cells did not affect the wound healing response, fibroblasts with
activated Nrf2 promoted wound repair, but also skin carcinogenesis
through upregulation of novel Nrf2 target genes that encode com-
ponents of the extracellular matrix. Taken together, these results
provide insight into the function of Nrf2 in wound repair and skin
carcinogenesis and highlight the necessity to tightly control Nrf2
activity under these conditions.

https://doi.org/10.1016/j.toxlet.2018.06.1139

S11-02
Environmental carcinogenesis: when Nrf2 and
the anti-oxidant response would drive the
clonal evolution in colorectal cancer

L. Huc ∗ , R. Surya, S. Dalleau, M. Baradat, F. Gueraud, F. Pierre

INRA UMR1331, TOXALIM, Toulouse, France

During environmental carcinogenesis, the anti-oxidant response
exerts a primordial role in the protection of normal cells against
chemicals, toxins or secondary diet by-products. In the case of colo-
rectal cancer CRC, according to epidemiological studies, a large part
could be prevented by modifying dietary habits, notably reducing
red meat consumption. The deleterious effects of red-meat rich diet
would involve the release of a high rate of heme iron in the colon,
whose oxidative properties can disturb normal epithelium.

In this context, we analysed the role of the anti-oxidant
response dependent on Nrf2 in the progression of CRC. We
adopted integrated strategies, involving in vivo, ex vivo and in vitro
experiments. In the colon, heme iron induced the peroxidation
of lipids and so, the neoformation of secondary aldehydes like
4-hydroxy-2-nonenal (HNE) increased in the lumen. Then we
compared the effects of HNE with the fecal waters of hemoglobin-
and beef-fed rats in mouse normal colon epithelial cells and
preneoplastic cells mutated on Apc (Adenomatous polyposis coli)
gene. We demonstrated that preneoplastic cells exhibited a higher
Nrf2-dependent response than normal cells, conferring a positive
advantage for resistance to cell death regarding HNE and fecal
waters. The early stimulation of Nrf2 signalling pathway by cur-
cumin in vitro or added in the diet in vivo, respectively protected

normal cells and prevented preneoplastic lesions in heme iron fed
rats.

Our results support the hypothesis that heme iron provided by
red meat –rich diet, promoted lipid peroxidation. Apc-mutated cells
detoxified efficiently the secondary deleterious aldehydes and then
resist to apoptosis. These different processes occurring in normal
and preneoplastic cells constitutes a field cancerization that would
drive the promotion of CRC by red meat consumption according to
an evolutionary carcinogenesis.

https://doi.org/10.1016/j.toxlet.2018.06.1140

S11-03
The Nrf2-antioxidant response element
signaling pathway controls fibrosis and
autoimmunity in scleroderma

F. Batteux

INSERM et Université Paris Descartes, Institut Cochin, Paris, France

Systemic sclerosis (SSc) is an auto-immune disease characterized
by fibrosis of the skin and internal organs, vascular alterations and
auto-immunity. Dysregulations in the oxidant/anti-oxidant bal-
ance is known to be a major factor in the pathogenesis of the
disease. Indeed, ROS trigger neo-epitopes leading to a breach of
immune tolerance and autoimmune responses, activate fibroblasts
to proliferate and to produce excess of type I collagen and alter
endothelial cells leading to vascular dysfunction. Glutathione (GSH)
is the most potent anti-oxidant system in eukaryotic cells, and
defects in GSH leads to an imbalance of the redox status. Numer-
ous studies have reported a defect in GSH in SSc animal models and
humans, but the origin of this defect remains unknown. The tran-
scription factor Nrf2 is a key player in the anti-oxidant defense,
as it can induce the transcription of anti-oxidant and cytoprotec-
tive genes through its interaction with the anti-oxidant response
elements (ARE).

Objective: In this work, we investigated whether Nrf2 could be
implicated in the pathogenesis of SSc, and if this pathway could
represent a new therapeutic target in this orphan disease with no
curative treatment.

Methods: Skin biopsies from 15 patients and 10 controls were
harvested, and skin fibroblasts were extracted. Experimental SSc
was induced both in BALB/c and in Nrf2-/–mice mice by daily
intra-dermal injections of Hypochloric acid (HOCl) or bleomycin. In
addition, diseased BALB/c mice were treated with an Nrf2 agonist,
dimethyl-fumarate (DMF, 20 mg/kg) or placebo.

Results: a drop of Nrf2 and target genes mRNA levels was
observed in skin fibroblasts of SSc patients compared to controls.
Moreover, the Nrf2 pathway is also downregulated in skins and
lungs from SSc mice. In addition, we observed that Nrf2-/–mice
have a more severe form of SSc with increased fibrosis and inflam-
mation compared to wild type SSc mice. Diseased mice treated
with the nrf2 agonist DMF exhibited a reduced fibrosis and immune
activation compared to untreated mice.

The ex vivo treatment of skin fibroblasts from SSc mice with DMF
restores GSH intra-cellular content, decreases ROS production and
proliferation.

Conclusion: These results suggest that the Nrf2 pathway is
highly dysregulated in human and mice SSc with deleterious con-
sequences on fibrosis and inflammation and that Nrf2 modulation
represent a therapeutic target in SSc.

https://doi.org/10.1016/j.toxlet.2018.06.1141
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S11-04
Physiology, pharmacology and toxicology of the
Nrf2 pathway

I. Copple

University of Liverpool, Department of Molecular & Clinical
Pharmacology, Liverpool, UK

Chemical stress is a potentially deleterious state induced by expo-
sure of cells to non-physiological levels of drugs and metabolites
that can perturb homeostasis and provoke disease. Major target
organs includes the liver, kidney and lung. Chemical stress may
result in both acute changes, such as alteration of cellular glu-
tathione level and redox balance, and longer term effects, such as
altered protein function through covalent modification. The tran-
scription factor Nrf2 plays a major role in sensing and adapting to
the chemical stress induced by model liver, kidney and lung tox-
ins (such as paracetamol, cisplatin and bleomycin). In addition to
coordinating the adaptive response to chemical stress, the basal
activity of Nrf2 is an important determinant of cellular sensitiv-
ity to xenobiotic insult, as Nrf2-regulated genes have a key role
in the detoxification and transport of drugs. From a therapeutic
perspective it is important to know (1) how Nrf2 can modulate
the efficacy and toxicity of a particular drug, and (2) how the sta-
tus of an individual’s Nrf2 pathway may determine susceptibility
to drug-induced stress. In this talk, I will summarise our recent
research using human cell and whole animal models to address
these questions.

https://doi.org/10.1016/j.toxlet.2018.06.1142

Session 12 – Old drugs in new guises: the toxicology of repur-
posing

S12-01
Repurposing of new medicines: opportunities
and challenges

R.A. Roberts 1,2

1 ApconiX, Alderley Edge, UK
2 University of Birmingham, Birmingham, UK

There are many medicines that are safe and effective in existing
clinical practice with the potential for use in new indications. Sim-
ilarly, some drugs have failed in development for their intended
indication but may still be useful for other purposes. Repurposing
of these drugs can have significant advantages over traditional drug
development since the repositioned drug is likely to have existing
toxicology data saving time and money and may even have clinical
data, providing important data on safety and efficacy in humans.
However, drug repurposing raises several important safety issues;
the toxicology tests may have been conducted some time ago and
as such may not meet current standards. Similarly, if the intended
original indication was oncology, the existing toxicology package
may not be appropriate for the new intended patient population.
In addition, a repurposing project may focus on developing a dif-
ferent formulation and/or dose route to meet unmet medical need
but also to create patent opportunities. Inevitably, reformulations
will have a new kinetic profile that may not be supported by the
existing preclinical toxicology and pharmacokinetic data. Oppor-
tunities and challenges in repurposing will be presented using case
studies to illustrate key points.

https://doi.org/10.1016/j.toxlet.2018.06.1143

S12-02
Potential reuse of oncology drugs in the
treatment of rare diseases

W. Tong

NCTR, Jefferson, US

Cancer research has made remarkable progress with the help of
advancing genomics techniques, resulting in more precise clini-
cal application and many new anticancer drugs on the market.
By contrast, very few treatment options are available for rare
diseases that are often progressive, severe, and life-threatening.
There are several challenges to develop orphan drugs for rare dis-
eases. Bioinformatics-based approaches have the potential to offer
systematic insights into the complex relationships among drugs,
targets and rare diseases necessary for better understanding the
underlying mechanisms of rare disease and seeking for potential
treatment options. In this presentation, we elaborate on the pos-
sible association between cancers and rare diseases across three
different levels including clinical observation, crosstalk between
germline mutation and somatic mutation, and shared biological
pathways. We employed diverse bioinformatics approaches with
integrated data related to both cancer drugs and rare diseases to
explore the potential application of the existing marketed drugs
(particularly anticancer drugs) for the treatment of rare diseases.
To that end, by utilizing systematic drug-repositioning approaches,
and taking safety issues into consideration, we suggest that oncol-
ogy drugs have great potential for reuse in the treatment of rare
diseases.

https://doi.org/10.1016/j.toxlet.2018.06.1144

S12-03
Rethinking immunotherapy for
neurodegenerative diseases

R. Tjalkens

Colorado State University, Environmental and Radiological Health
Sciences, Fort Collins, Colorado, US

Parkinson’s disease (PD) is the second most common neurode-
generative disorder after Alzheimer’s disease (AD) and the most
common movement disorder. Worldwide cases are estimated to be
8.7 million by 2030. The socioeconomic burden of PD is currently
estimated to be ∼$23 billion annually in the US and ∼D 14 billion
in Europe 2. PD is characterized by loss of voluntary motor control
due to the degeneration of dopaminergic neurons of the substania
nigra pars compacta (SNpc). Pathogenic mechanisms in PD include
oxidative stress, neuroinflammation and aggregation of proteins
such as �-synuclein. There are no disease modifying therapies for PD
or AD due in part to our limited understanding of disease progres-
sion and because animal models often fail to recapitulate many of
the features of human disease. Better animal models are therefore
urgently needed for mechanistic research, therapeutic testing and
the identification of etiological agents. Insight into disease mech-
anisms and therapeutic strategies may be provided by examining
encephalitic viral infections of the central nervous system (CNS),
which can present with symptoms strikingly similar to PD. Parkin-
sonism has been observed among human survivors of encephalitic
viral infection and selected viruses have been shown to induce a
phenotype that mimics the neuropathology and neurological dys-
function observed in cases of sporadic PD. Immunotherapy for these
conditions can show mixed results but clinical trials are increas-
ingly turning to vaccine- or antibody-based therapies for disease
modification in PD and AD. In the present studies, we employ West-
ern Equine Encephalitis Virus (WEEV), a neurotropic alphavirus

https://doi.org/10.1016/j.toxlet.2018.06.1142
https://doi.org/10.1016/j.toxlet.2018.06.1143
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that causes severe encephalitic neurodegeneration, to model dis-
ease progression and protein aggregation and to test the efficacy
of immunotherapy targeting selected viral proteins that resem-
ble aggregated proteins in PD and AD. These data indicate that
infection with WEEV recapitulates the neuroanatomical specificity,
progressive loss of dopaminergic neurons in the substantia nigra,
motor-deficits, glial activation and �-synucleinopathy observed in
PD and suggest that immunotherapy may be a viable approach in
mitigating selected pathogenic features common to neurodegen-
erative diseases.

https://doi.org/10.1016/j.toxlet.2018.06.1145

S12-04
New opportunities for psychoactive drugs in
neuropsychopharmacological disease

P.A. Duffy

ApconiX Ltd, BioHub, Macclesfield, UK

Abnormalities of neuropsychopharmacological function of the CNS
can result in morbidities and disease that have a huge impact on
society as well as the wellbeing of the individual. As the CNS plays a
central role not just in the field of psychiatry but the also the phys-
iological control of many bodily functions, such disorders have the
capacity to be manifest widely across different fields of medicine.
Basic and clinical research into neuropsychopharmacological dis-
ease is ongoing within academia and the pharma industry but there
is still an unmet medical need in many areas. What is becoming
increasingly clear is that some previously researched pharmacol-
ogy and drugs may present opportunities yet to be realised. In many
cases, the reasons for ceasing development for a drug in one field is
because of adverse toxicities. The toxicological profile may present
a different perspective when applied to the morbidities, conditions,
dosing regimens and adverse effect tolerance in other diseases.
Additionally, further or specific toxicology studies maybe needed to
evaluate safety for different diseases. This workshop presentation
will offer case studies of psychoactive molecules originally used for
one purpose that have found opportunities to meet medical need
in hitherto unconsidered areas. The focus will be on the compari-
son of the original use with a repurposed opportunity with the key
emphasis on the toxicological aspects.

https://doi.org/10.1016/j.toxlet.2018.06.1146

Session 13 – Air pollution over and beyond the classical risk
factors

S13-01
European air pollution models

G. Hoek 1,∗ , K. de Hoogh 2,3

1 Utrecht University, Institute for Risk Assessment Sciences, Utrecht,
Netherlands
2 Swiss Tropical and Public Health Institute, Basel, Switzerland
3 University of Basel, Basel, Switzerland

Despite all research, there are still important gaps in the knowl-
edge of health effects of outdoor air pollution. More multi-center
studies are conducted to increase exposure contrast and popula-
tion sizes. To investigate associations between long-term exposure
to air pollution and population health, consistent fine spatial scale
air pollution data are needed. In this presentation recent European
models are reviewed.

Building on existing chemical transport models (CTM) and satel-
lite monitoring data (SAT), one recent trend is the development of

European land use regression models (LUR). CTM and SAT are avail-
able at a large spatial scale, missing important local scale variation.
Models were developed for the year 2010 for annual average PM2.5,
NO2, O3 and BC. The models were developed on AIRBASE routine
monitoring data (ESCAPE sites for BC). The model used satellite
measurements, CTM estimates, land use and traffic data as pre-
dictors. To evaluate the stability over time, separate models were
developed for 2000 and 2005 (NO2 and O3) and 2013 (PM2.5).

The models provided plausible patterns across Europe. The
models of the four components explained between 54 and 83% of
the measured spatial variation. Predictions from the 2010 model
were highly correlated with those of models for 2000 and 2005
(2013 PM2.5). The models performed less well in specific areas,
raising issues when the applied is applied to a local health study.

Robust PM2.5, NO2, O3 and BC hybrid LUR models were devel-
oped at the West-European scale. The output of the models is
available for other researchers. The models will be compared qual-
itatively with other European models.

https://doi.org/10.1016/j.toxlet.2018.06.1147

S13-02

This oral abstract has been withdrawn.

S13-03
Carbon load in airway macrophages as a
biomarker of chronic exposure to air pollution

B. Nemery

KU Leuven, Centre for Environment and Health, Leuven, Belgium

Assessing individual exposure to airborne pollutants is of critical
importance in toxicological and epidemiological studies. In early
studies, individual exposure to air pollution was generally inferred
from measurements made by monitoring stations, under the eco-
logical assumption that all persons living in a certain area shared
the same exposure. More recently, improvements in assessing
(short-term) temporal and spatial variations in exposure have been
achieved with the development of portable monitoring devices and
the utilization of geographic information systems. Nevertheless,
these techniques are based on estimating or measuring external
exposure, which does not necessarily reflect the amounts of air pol-
lutants that have been inhaled by individuals over a prolonged time
course.

A promising approach to assess long-term exposure to traffic-
related particulate pollution consists in measuring black carbon
(BC) content in airway macrophages (AM), which can be obtained
by inducing sputum in children or adults. Various studies have
demonstrated that the surface occupied by black inclusions in AM is
indicative of the intensity of exposure to elemental carbon derived
from the combustion of fossil fuels or from the burning of biomass
(Bai et al. Environ Int. 2015, 74, 32-41).

In this presentation, our studies of the kinetics of AM BC in rela-
tion to past exposure to urban pollution will be described. In a
first study (Bai et al. Part Fibre Toxicol 2018, 15,14), AM BC was
measured in induced sputum 8 times with 6 weeks intervals in
healthy young subjects: 15 long-term residents in Leuven, Belgium
(BE, mean annual PM10 20 – 30 �g/m3) and 30 newcomers hav-
ing arrived recently (<3 weeks) in Leuven from highly polluted
cities (mean annual PM10 > 50 �g/m3) in low and middle-income
countries (LMIC, n = 15), or from low to moderately polluted cities
in high-income countries (HIC, n = 15). In the LMIC group, the mean
(95% credible interval) initial quantity (R0) of median AM BC [1.122
(0.750 – 1.509) �m2] was higher than in the HIC group [0.387

https://doi.org/10.1016/j.toxlet.2018.06.1145
https://doi.org/10.1016/j.toxlet.2018.06.1146
https://doi.org/10.1016/j.toxlet.2018.06.1147
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(0.168 – 0.613) �m2] and BE group [0.275 (0.147 – 0.404) �m2].
Median AM BC content decreased in the LMIC group (decay con-
stant 0.013 �m2/day), but remained stable over one year in the
other two groups. In this international panel of healthy young sub-
jects, AM BC did not change over one year as exposure remained
stable, but AM BC decreased with a clearance half-life of 53 (30 –
99) days upon moving from high to moderate exposure. In a second
study (Bai et al. submitted) of a panel of 20 healthy retired subjects,
AM BC increased substantially (and rapidly) after a 10-days expo-
sure to a higher degree of urban pollution (in Milan, Italy) than their
background exposure in Belgium.

Black carbon in airway macrophages obtained by sputum induc-
tion reflects the internal concentration of inhaled particles and
mirrors variations in personal exposure to environmental partic-
ulate air pollution.

https://doi.org/10.1016/j.toxlet.2018.06.1149

S13-04
Air pollution stress and the ageing phenotype

T. Nawrot

Hasselt University, Centre for Environmental Sciences, Hasselt,
Belgium

Ageing is a complex physiological phenomenon. The question why
some subjects grow old why remaining free form disease whereas
others prematurely die remains largely unanswered. We focus here
on the role of air pollution on fetal and newborn health including
biological ageing. The trajectory form healthy to unhealthy aging
often comprise telomere length and a few studies addressed a role
of air pollution on the telomere length. Recent studies in adults
show that the estimated effects of particulate air pollution exposure
on the telomere mitochondrial axis of ageing may play an important
role in chronic health effects of air pollution. In the ENVIRONAGE
(ENVIRonmental influence ON AGEING in early life) mothers with
higher residential exposure to particulate air pollution (PM2.5) gave
birth to newborns with lower telomere length, which could not be
explained by other factors including social economic class. For a
5 �g/m3 increase in residential PM2.5 exposure during pregnancy,
cord blood telomeres were 7% shorter and placental telomeres 13%
shorter. In our study the prenatal exposure was below the present
European Union limit of 25 · 0 �g/m3 (annual average threshold).
This indicates that below current European Union limit, biological
ageing during in utero life is influenced by prenatal exposure. The
public health implication of our work shows for the first time that
improving ambient air pollution may promote molecular longevity
from birth onwards, which may lead to an increase in overall life
quality and life expectancy.

https://doi.org/10.1016/j.toxlet.2018.06.1150

S13-05
Neurocognitive effects of air pollution

J. Sunyer 1,2

1 ISGlobal: Barcelona Institute for Global Health, Barcelona, Spain
2 UPF: University Pompeu Fabra, Barcelona, Spain

Air pollution is the main urban-related environmental hazard.
There is evidence of effects of air pollution on brain cognition. Pio-
neering studies on brain tissue from autopsies in dogs and children
living in highly polluted areas of Mexico city showed inflammation
in several brain areas, replicated by a long series of experiments
in mice exposed to fine, ultrafine and diesel particles. In chil-
dren, exposure to air pollution is associated with increased risk
of cognitive delay, accelerated function decline, mental health,
and academic achievement. However, the evidence is still inade-
quate, given the limitations in measuring air pollution exposure
(most studies only used residential levels based on geographi-
cal modelling) and brain development (most studies were based
on subjective tools) and the lack of studies during the most vul-
nerable stages of brain development (i.e. prenatally and first one
year/two years postnatally). In utero exposure to fine particles in
mice was linked to structural brain changes. Two studies in school
age children found that pre-natal air pollution exposure damage
brain structure while exposure during childhood was not linked to
any structural alteration. Another study showed that children with
higher traffic-related pollution at school had lower functional inte-
gration in key brain networks, but no changes in brain structure,
possibly because of the time window of air pollution exposure (in
utero versus childhood exposure). Studying the structural and func-
tional brain effects of air pollution exposure during foetal life and
neurodevelopment during early life is important because effects at
this time are of a potentially irreversible nature and because the
largest preventive opportunities occur during these periods.

https://doi.org/10.1016/j.toxlet.2018.06.1151

Session 14 – Ecotoxicology and toxicology: bridging the gaps |
models and frameworks

S14-01
Application of adverse outcome pathways
(AOPs) in ecotoxicology – A multi-taxon AOP
network to reduce animal testing

L. Vergauwen

University of Antwerp, Zebrafishlab, Veterinary Physiology and
Biochemistry, Department Veterinary Sciences, Wilrijk, Belgium

An AOP outlines the sequence of key events leading from a molec-
ular initiating event to a relevant adverse outcome at the organism
or population level. From the start, AOPs were intended to sup-
port regulatory decision making by offering a method to structure
mechanistic information into a comprehensible representation of
knowledge, improving communication and applicability of results
among stakeholders including academia, industry and regulators.
This has been further facilitated by the OECD (Organization for Eco-
nomic Cooperation and Development) through the international
AOP development program. The AOP approach allows to structure
information for application in chemical hazard identification and
risk assessment, especially to reduce animal use. This will be illus-
trated with an example on thyroid disruption, where in chemico
assays measuring inhibition of enzymes involved in thyroid hor-
mone synthesis and activation are used to predict in vivo thyroid
disruption in fish. In a next stage, information on thyroid disrup-
tion in fish can be linked to information in other species including

https://doi.org/10.1016/j.toxlet.2018.06.1149
https://doi.org/10.1016/j.toxlet.2018.06.1150
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amphibians and mammals. This results in a multi-taxon AOP net-
work that can be used as a basis to identify alternative assays
for thyroid disruption screening across species for both ecotoxic-
ological and toxicological risk assessment. Such multi-taxon AOP
networks essentially reflect the usefulness of the AOP concept to
bridge the gap between ecotoxicology and toxicology.

https://doi.org/10.1016/j.toxlet.2018.06.1152

S14-02
Pathway approaches in human toxicology

M. Vinken

Vrije Universiteit Brussel, In vitro Toxicology, Brussels, Belgium

The field of human toxicology is currently transitioning from classi-
cal toxicology, focusing on measuring apical endpoints for toxicity
in animal models, to predictive in vitro toxicology, relying on
information on toxic mechanisms. This paradigm shift has been
reinforced by the introduction of a number of pathway-based
approaches in the past few years, all that will be shortly discussed
in this presentation. Focus will be put on the adverse outcome path-
way (AOP) concept, which is gaining momentum worldwide. AOPs
share a common structure consisting of a molecular initiating event,
a series of key events connected by key event relationships, and
an adverse outcome. Development and evaluation of AOPs ideally
complies with guidelines issued by the Organization for Economic
Cooperation and Development. AOP frameworks have yet been pro-
posed for major types of human toxicity, such as skin sensitization
and hepatotoxicity. AOPs can serve a number of purposes pertinent
to the fields of human toxicology and risk assessment, in particular
the establishment of quantitative structure-activity relationships,
the development of novel in vitro toxicity screening tests and the
elaboration of prioritization strategies. All these topics will be dis-
cussed and exemplified in this presentation.

https://doi.org/10.1016/j.toxlet.2018.06.1153

S14-03
Ecological risk assessment of chemical mixtures

A. Ragas 1,2

1 Radboud University, Environmental Sciences, Nijmegen,
Netherlands
2 Open Universiteit, Management, Science & Technology, Heerlen,
Netherlands

Ecological risk assessment of chemicals has much in common with
its human counterpart, but there are also distinct differences. One
area where both fields can learn from each other is the assessment
of chemical mixtures. A state-of-the-art overview of ecological risk
assessment of chemical mixtures will be presented; a parallel pre-
sentation will focus on the human dimension. Examples will be
presented to illustrate the potential of individual-based modelling
for assessing the time- and space-integrated exposure of ecological
receptors to chemical mixtures, and for the propagation of effects
on individual organisms to higher levels of biological organiza-
tion, i.e., the population and ecosystem level. When it comes to the
assessment of mixture effects, distinction is made between whole
mixture approaches and component-based approaches. Whole
mixture approaches, such as Whole Effluent Toxicity (WET) testing,
are widely used in ecological risk assessment, mainly because toxic-
ity tests with ecological receptors, particularly lower organisms, are
less controversial than with human receptors. Component-based
approaches are based on the widely used concepts of concentration
addition and independent action (response addition), or combina-

tions thereof. Approaches to deal with potentiation (synergism) or
attenuation (antagonism) of toxicity are limited in the ecological
arena. This may be explained by the limited mechanistic focus of
ecological assessments. Refinement of ecological mixture assess-
ments (e.g., as in tiering) focuses on improving ecological realism,
e.g. by including ecological interactions, whereas refinement of
human assessments focuses on improving the mechanistic under-
standing, particularly on the molecular level. The development of
new techniques such as assay-based effect monitoring and passive
sampling in combination with the determination of total molarity
provide promising new opportunities to assess the ecological risks
of chemical mixtures.

https://doi.org/10.1016/j.toxlet.2018.06.1154

S14-04
Harmonised risk assessment for human health,
animal health and ecological risk assessment of
combined exposure to multiple chemicals: a
food and feed safety perspective

J.-L.C.M. Dorne 1,∗ , D. Benford 2, A. Ragas 3, L. Posthuma 4,
G.E. Kass 1, P. Manini 1, B. Dujardin 1, E. Benfenati 5, A. Hardy 6,
E. Testai 7, L. Castle 8, C. Svendsen 9, S. Bennekou 10,
R. Laskowski 11, R. Solecki 12, J.C. Leblanc 13, A. Kortenkamp 14,
P. Kille 15, P. Price 16, T. Backhaus 17, N. Cedergreen 18,
C. Hogstrand 19
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Over the last two years, the European Food Safety Authority (EFSA)
has been developing a guidance document on harmonised method-
ologies for the human health (HRA), animal health (ARA) and
ecological risk assessment (ERA) of combined exposure to mul-
tiple chemicals (“chemical mixtures”). The guidance document is
focused on the food and feed safety areas. Its application can
however be broadened to other regulatory areas and across regula-
tory silos. The key challenges to harmonisation included the large
number of chemicals involved and variations in their associated
exposure patterns, toxicological profiles in humans and species
of veterinary and ecological relevance as well as the diversity of
regulations and associated RA frameworks. First, a harmonised
framework is proposed for HRA, ARA and ERA, which is based on
stepwise approaches for problem formulation, exposure assess-
ment, hazard assessment, risk characterisation and uncertainty
analysis combined with principles of tiering. The application of tier-
ing principles is flexible and depends on the purpose of the RA, and
the availability of data, time and resources. The tiers range from
qualitative, semi-quantitative to fully probabilistic approaches.

https://doi.org/10.1016/j.toxlet.2018.06.1152
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The purpose of the RA, methodological approaches used and
analysis plan are defined during the problem formulation phase,
which provides a decision point to undertake the RA using either
a whole mixture (WMA) or a component-based approach (CBA).
For the WMA, the mixture is most often assessed using the same
approaches as for a single compound. For the CBA, the initial default
model for assessing combined toxicity is the dose addition model.
Under some circumstances, evidence for deviation from the dose
addition assumption, particularly for synergistic effects, needs to be
assessed using a weight of evidence (WoE) approach. The results
of the WoE analysis allow the (semi-)quantification of the mag-
nitude of an interaction through an extra uncertainty factor or a
biologically-based model (e.g. toxicokinetic-toxicodynamic model)
in the hazard assessment and the risk characterisation steps. For a
given RA, once the outcomes of the assessment have been deter-
mined, important caveats for interpretation need to be considered.

For transparency of the RA process, reporting the results of a
mixture RA is of key importance and a reporting template is pro-
posed and illustrated for the HRA, ARA and ERA areas. Finally, future
perspectives for mixture RA are discussed in the light of the integra-
tion of historical data and mechanistic alternatives to animal testing
such as in silico and in vitro biologically-based tools and models.
Open source platforms are also discussed as means to: (1) Provide
scientific tools directed towards the RA and regulatory community,
(2) Apply harmonised methodologies and (3) Train the current and
next generation of risk assessors.

https://doi.org/10.1016/j.toxlet.2018.06.1155

Session 15 – Developing safe medicines for children – non-
clinical considerations supported by UCB

S15-01
Postnatal development of organ systems: a
species comparison

S.J. Van Cruchten

University of Antwerp, Department of Veterinary Sciences, Wilrijk,
Belgium

In view of appropriate species selection for pediatric safety assess-
ment, a thorough knowledge on the postnatal development of the
different organ systems in rodent and nonrodent species is key.
Therefore, the Developmental and Reproductive Toxicology Tech-
nical Committee of the ILSI Health and Environmental Science
Institute wanted to obtain a clear view on available landmarks
of organ system development in the commonly used nonclinical
species for pediatric drug development. This resulted between 2003
and 2006 in a first series of review papers on the (pre- and) postna-
tal development of the heart, lung, kidney, bone, gastrointestinal
system, immune system, central nervous system, and male and
female reproductive system. Very recently, a new series of review
papers has been published; some others are still in the pipeline.
These papers are updates of the first series, including functional
aspects, and reviews on other organ systems, such as the eye and
ear. In the current presentation, the highlights on postnatal organ
development will be discussed in view of species selection for juve-
nile animal studies. This will be illustrated with real-life examples.

https://doi.org/10.1016/j.toxlet.2018.06.1156

S15-02
Developmental changes in drug disposition and
response: the challenges

J.-M. Nicolas

UCB Biopharma, Braine l’Alleud, Belgium

Drug efficacy and safety in children cannot be directly extrapo-
lated from adults. Differences are not uncommon and often involve
developmental changes in drug pharmacokinetics (PK) and phar-
macodynamics (PD). Drug safety in the paediatric population is
first addressed via juvenile animal toxicity studies. However, age-
related effects in drug toxicity can be hard to translate from
laboratory animals to humans when the changes relate to PK or
PD.

The PK mechanisms responsible for age-effects in juvenile ani-
mal studies might be difficult to fully elucidate and usually require
successive mechanistic studies with complex designs. When identi-
fied, the causative mechanisms (e.g. immaturity of a given pathway)
need to be extrapolated to humans considering potential species
differences in developmental schedules. This translation exercise
is especially complex in view of the limited understanding in the
ontogeny of PK processes. The developmental timeframe of many
PK pathways driving drug absorption, distribution, metabolism
and excretion remains unexplored both in human and laboratory
animals. The paucity of data in the human paediatric population
mostly relates to the numerous technical, ethical and regulatory
obstacles hampering pharmacokinetic studies. Finally, one should
not ignore that the molecular targets supporting drug activities
(PD) can also vary between age groups and species, with many
uncertainties left, which further confuses the extrapolation of juve-
nile animal data.

The presentation will discuss the knowledge gaps in the
ontogeny of PK and PD processes, and the impact in the interpre-
tation of juvenile animal data. Case studies will be presented.

https://doi.org/10.1016/j.toxlet.2018.06.1157

S15-03
What can we do better in bringing safe
medicines to children - an industry perspective

G. Schmitt

F.Hoffmann-La Roche Ltd., Pharma Research and Early Development,
Pharmaceutical Sciences, Basel, Switzerland

When developing medicines for children juvenile animal studies
(JAS) can be warranted to address concern and quantify risk. The
animals in JAS need to be age-matched to the intended pediatric
age groups and the investigated endpoints need to reflect iden-
tified concern. In the past, JAS were more often performed than
warranted, for various reasons. Some JAS also used irrelevant study
designs and endpoints. Such practice has occasionally led to signals
which were not pertinent to the pediatric use of the drug, thus ham-
pering its full therapeutic benefit. Generating data in JAS, which are
not warranted for the clinical use of a drug, also adversely impact
on the 3Rs and can lead to delays in bringing important therapies
to pediatric patients in need.

The presentation discusses historical reasons for conducting
JAS or applying inappropriate JAS design, while not warranted.
Examples are given where JAS have negatively impacted on the
development and use of ultimately successful pediatric drugs.
Scientific and regulatory learnings in this field are highlighted,
including for ‘pediatric first/pediatric only’ drugs. Recent cases
underpin current best practice for nonclinical safety in support
of pediatric drug development, consistent with the new ICH S11

https://doi.org/10.1016/j.toxlet.2018.06.1155
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guideline ‘Nonclinical Safety Testing in Support of Development
of Paediatric Medicines’. Future traits of juvenile animal models
and animal-free testing methods are outlined and their potential
to improve pediatric drug development from a nonclinical safety
perspective. ‘Toxicology Out of the Box’ thinking is needed to fur-
ther improve the nonclinical approaches to bring safe medicines to
children.

https://doi.org/10.1016/j.toxlet.2018.06.1158

S15-04
Non-clinical safety considerations to support
paediatric drug development – a regulatory
update

P. Baldrick

Covance UK, Harrogate, UK

Juvenile animal studies (JAS) have become an established part of
drug development to support safe clinical use in the human paedi-
atric population and for eventual drug product label use. In recent
years, the process in which drug companies interact with regulatory
agencies to get agreement for their testing plans has been estab-
lished and includes submission of a “Paediatric Investigation Plan”
(PIP) in the EU or a “Pediatric Safety Plan” (PSP) in the USA. However,
a great deal of regional differences in need for, and study designs of,
JAS is evident and has resulted in the International Council on Har-
monisation (ICH) identifying the requirement of a new guideline
“Nonclinical Safety Testing in Support of Development of Pediatric
Medicines” (ICH S11). This guideline is currently in development.
Some insight into current regulatory need for JAS can be found from
examination of PIP decisions. A level of consistency in test species
of choice (commonly rat) and paediatric age that requires support
can be seen for clinical indications within the most common ther-
apeutic areas requiring a JAS (Infectious Diseases, Endocrinology,
Oncology, Neurology and Cardiovascular Diseases). An extension
of actual JAS need raises the question of how useful the findings
are in drug product labels. Overall, it is hoped that ICH S11 will aid
drug developers in clarifying considerations for JAS and allowing
more focused testing, when needed, to examine identified areas of
toxicity or safety concerns resulting in presentation/interpretation
of juvenile animal study findings for proper risk assessment by a
drug prescriber.

https://doi.org/10.1016/j.toxlet.2018.06.1159

Session 16 – Innovative medicinal products - challenges for the
safety assessment of adverse immune effects

S16-01
Nanomedicinal products and immunotoxicity
assessment: an improved and integrated
strategy

C. Giannakou 1,2,∗ , R.E. Geertsma 1, W.H. de Jong 1,
H. van Loveren 2, R.J. Vandebriel 1, M.V.D.Z. Park 1

1 National Institute for Public Health and the Environment (RIVM),
Centre for Health Protection, Bilthoven, Netherlands
2 Maastricht University, Toxicogenomics, Maastricht, Netherlands

Nanomedicinal products (NMPs) are purposely designed tiny
structures – less than 1,000 nm across – often consisting of mul-
tiple components. All medicinal products, including NMPs, should
undergo safety evaluation during the market authorization pro-
cedure. The toxicokinetic profile of NMPs indicates a preference
to accumulate in and interact with the different components of

the immune system. The guideline used currently for immuno-
toxicity assessment is the S8 Immunotoxicity Studies for Human
Pharmaceuticals of the International Council for Harmonization of
Technical Requirements for Pharmaceuticals for Human Use (ICH).

Previously, we identified gaps in ICHS8 for addressing potential
immunotoxic effects of NMPs, including Complement Activation
Related Pseudo Allergy, hypersensitivity and immunosuppression.
Also a Reflection Paper on liposomal products with reference to an
innovator liposomal product developed by the European Medicines
Agency points out the importance of studying immunotoxicity of
NMPs, including determination of complement activation for these
specific products as additional endpoint to the tests suggested by
ICHS8.

Based on the identified gaps, a set of in vitro, in vivo and ex vivo
assays were developed and performed with different types of NMPs
for evaluation in terms of potential applicability for these products.
Specific attention was paid to known pitfalls related to the testing
of NMPs, e.g. potential interference with the read-outs chosen.

In the present study, an improved and integrated strategy is pro-
posed for assessing the risk of potential immunotoxicity of NMPs.
The strategy is comprised of 5 main building blocks; starting with
factors that need to be considered to identify the NMP and to deter-
mine the extent of immunotoxicity testing needed. Next, a cascade
of in vitro assays is recommended. Information gathered in these
first two building blocks is used to determine the need and design
of further in vivo testing. Finally the conclusions drawn from the
previous steps provide input on the risk assessment and clinical
studies design of the NMPs in development.

https://doi.org/10.1016/j.toxlet.2018.06.1160

S16-02
Immunotoxicity assessment of biotech
products and small molecules

M. Pallardy

University Paris-Sud, INSERM UMR 996, Chatebnay-Malabry, France

Immunotoxicity is the consequence of an interaction of drugs
(including biotherapeutics) or chemicals with the immune sys-
tem and leading to 4 types of adverse effects: immunosuppression,
hypersensitivity reactions (immune mediated or not), auto-
immunity and unexpected activation of the immune system.
Immunosuppression is widely described and results in increased
incidence of infections and certain types of tumours. Hypersensitiv-
ity reactions are mostly represented by allergic reactions to drugs
and chemicals involving target organs such as the liver or the skin
but also systemic reactions and anaphylaxis. Autoimmunity have
recently gained a great attention due to the effects observed with
“immune check-point inhibitors”. These adverse effects can be the
consequence of immune reactions to auto-antigens unmasked by
the treatment with these products (hepatitis, thyroiditis, GI tract
inflammation. . .). Unexpected activation of the immune system is
mainly represented by the cytokine release syndrome observed
with anti-CD3 or TGN 1412 or vascular leak syndrome found
with interleukin-2. Immunotoxicity of biotherapeutic products is
a challenge due to the diversity of their formats and non-clinical
evaluation and safety issues before first in man rely on a case by case
approach were animal models are mostly non-relevant. In vitro
human models using cells targeted by biotherapeutics and knowl-
edge of the mechanism linked to the activation or the neutralization
of the biotherapeutic targets and are approaches to consider in the
development of these entities.

https://doi.org/10.1016/j.toxlet.2018.06.1161
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S16-03
Industry perspective on the challenges and
opportunities of the safety assessment of
biologicals

J. Sims

Integrated Biologix GmbH, Basel, Switzerland

No abstract submitted, please check the online programme.

https://doi.org/10.1016/j.toxlet.2018.06.1162

S16-04
Regulatory view on immunotoxicity assessment
of biomedical and biotechnologicy applications

J.W. Van der Laan

Medicines Evaluation Board, Section on Pharmacology, Toxicology
and Kinetics, Utrecht, Netherlands

Regulatory guidelines regarding biotechnology-derived proteins
(as human pharmaceuticals) are present since 1988 in Europe.
Later these guidelines have been overruled by ICH S6 Preclinical
safety evaluation of biotechnology-derived pharmaceuticals and
the addendum (ICH S6 [R1] written in 2011. Since 1990 many
biotechnologically-derived proteins have been developed and a
substantial quantity has been marketed, and many more products
are still being marketed.

Many biotechnology-derived proteins have a target within the
immune system, and often immunopharmacology and immuno-
toxicity are two sides of the same coin.

Because of the high specificity of the biopharmaceuticals there
is an important restriction in the choice of species. In most cases the
cynomolgus monkey is the default species being chosen. Immuno-
toxicity assessment in cynomolgus monkeys is usually conducted
by applying the T-cell Dependent Antibody Response (TDAR) with
KLH as the antigen.

Since the last decade there is also more attention to use Göttin-
gen Minipigs in this respect. Some studies have been published in
this domain, indicating that this species have value in immunotox-
icity testing.

The two species might also be relevant in testing newly devel-
oped biomedical applications usch as nanomolecular complexes. A
discussion will be provided covering these topics.

https://doi.org/10.1016/j.toxlet.2018.06.1163

S17 – Adverse Outcome Pathways and development of alterna-
tive methods supported by ECETOC

S17-01
The importance of AOPs in the context of EU
policy

B. Landesmann

European Commission, JRC, Ispra, Italy

The Adverse Outcome Pathway (AOP) concept facilitates the collec-
tion, integration, sharing, and evaluation of mechanistic knowledge
and was built to support the paradigm change in toxicology from
the observation of adverse effects to an understanding of the
underlying mechanisms. But the AOP framework has more to
offer than just being a tool for chemical safety assessment and
its way of organizing biological information can be beneficial also
for other stakeholders than scientists and regulators. Still, there
are some challenges for achieving further implementation and

wider acceptance. Three examples illustrate the importance and
usefulness of AOPs in policy context. The classification of skin sen-
sitizers through non-animal methods based on the AOP description
has achieved regulatory acceptance. Also for endocrine disruptors
the mechanistic knowledge that is captured in AOPs facilitates
their identification. Mechanism-based scientific criteria to iden-
tify endocrine disruptors in the pesticides and biocides areas are
published and will apply from this year on. Likewise, knowledge of
AOPs supports the evaluation of chemical mixtures by providing a
better understanding of the underlying mechanisms of combined
effects.

https://doi.org/10.1016/j.toxlet.2018.06.1164

S17-02
Respiratory sensitisation: in the absence of an
appropriate animal model how can an AoP
approach help?

I. Kimber

University of Manchester, Faculty of Biology, Medicine and Health,
Manchester, UK

Some chemicals are able to cause sensitisation of the respiratory
tract resulting in respiratory allergy, charactreised commonly by
rhinitis and/or asthma. Chemical respiratory allergy confronts tox-
icologists with a number of important challenges. For instance,
there continues to be uncertainty regarding the exact molecular
mechanisms through which sensitisation of the respiratory tract
to chemicals is aquired. Moreover, although it is often assumed
that respiratory sensitisation to chemicals will be induced exclu-
sively through inhalation exposure, there is growing evidence
that skin contact can stimulate the quality of immune response
required for effective sensitisation of the respiratory tract. It is
largely because of these uncertainties that there are available
no validated, or even widely recognised, animal (or indeed non-
animal) methods for the identification and characterisation of
chemical respiratory allergens. In an attempt to develop new
paradigms for the identification and toxicological evaluation of
chemical respiratory allergens adverse outcome pathways (AOPs)
for respiratory sensitisation to chemicals have been recently
devleoped and published. In this presentation such approaches
will be described and the important key events leading to the
acquisiton of respiratory sensitisation discussed. There has resulted
from these analyses proposals for a new approach to the identi-
fication of chemical respiratory allergens that could, if adopted,
faciliate the design and development of new predictive test
methods.

https://doi.org/10.1016/j.toxlet.2018.06.1165

S17-03
AOP-based ontologies for developmental
toxicity

T.B. Knudsen

US EPA, National Center for Computational Toxicology, Research
Triangle Park, US

New approach methodologies (NAMs) based on high-throughput
screening (HTS) assays can test large numbers of chemicals for
bioactivity but interpretation of the data remains a challenge,
especially for complex processes such as developmental tox-
icity. A pragmatic solution is to map HTS assay endpoints to
Adverse Outcome Pathways (AOP) that contextualize cell and tis-
sue biology with weight of evidence for critical determinants of

https://doi.org/10.1016/j.toxlet.2018.06.1162
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phenotype. Here, we present case studies for AOP-based predic-
tion of embryonic vascular disruption the ToxCast/Tox21 dataset.
Vascular development is tightly regulated by genetic signals and
environmental factors linked to morphogenesis and microphysi-
ology. The AOP-based model [https://aopwiki.org/wiki/index.php/
Aop:43] resolved >1000 ToxCast compounds by several dozen
molecular functions for developmental angiogenesis. Putative vas-
cular disrupting chemical (pVDC) bioactivity was evaluated for
38 chemicals utilizing 9 diverse assays covering the angiogenic
cycle, including: transgenic zebrafish, complex human cell co-
cultures, engineered microscale systems, and human-synthetic
models. The predicted response was concordant with the observed
response summated across the 9 angiogenesis assays. Prelimi-
nary analysis of RNAseq profiles for two mechanistically diverse
pVDCs (TNP-470, 5HPP-33) revealed a common effect on FXR
and LXR pathways consistent with HTS profiles in ToxCast/Tox21,
suggesting a possible link to RXR heterodimerization. AOP-based
ontologies support mechanistic interpretation of HTS data that
potentially link molecular targets with quantitative cellular, tissue
and phenotypic responses in developmental toxicity.

This abstract does not reflect US EPA policy.

https://doi.org/10.1016/j.toxlet.2018.06.1166

S17-04
Approaching the development of alternative
testing methods using information available in
the adverse outcome pathway knowledgebase
(AOP-KB)

M. Sachana

Organisation for Economic Cooperation and Development (OECD),
Environment Health and Safety, Paris, France

Access to mechanistic toxicological information that is structured
applying an AOP framework and recognition of the importance
of this information to guide the development of alternative test-
ing methods that could potentially become candidates for OECD
Test Guidelines (TGs), has become the central item of discussions
within the regulatory community in recent years. Typically, the
development of alternative methods was taking place in isolation
from exploratory studies that were aiming to understand mech-
anisms of toxicity. Only very recently there has been an increase
in development of TGs that are related to skin sensitisation and at
the same time are mechanistically informed by addressing specific
Key Events (KEs) from an AOP reviewed at OECD. This presentation
aims to explore the connections between alternative testing meth-
ods and AOPs and tries to answers the following questions: 1) is the
AOP-KB a valuable source to inform alternative test method devel-
opment? and 2) what more needs to be done? The presentation will
include the OECD programme on AOPs that has spearheaded the
development of processes to review hypothesised AOPs and con-
tributed to the building of the AOP-KB, an ontology-driven database
that combines existing biological knowledge with data derived
from toxicological experimental studies. The AOPs that have been
reviewed through an OECD process are limited at the moment but
are gradually increasing in numbers and can inform the develop-
ment of alternative methods. The AOP-KB currently includes a very
incomplete sample of toxicological knowledge, as it relies on volun-
teer efforts, with coverage varying across endpoints that are linked
to data requirements. Across the toxicological endpoints, cover-
age is strongest in the area of neurotoxicity, carcinogenicity and
endocrine disruption.

Overall, the AOP-KB is a source for exploring KEs that have the
potential to become targets for alternative testing methods. The
AOP-KB currently contains more than one thousand KEs and is in

the process of being redesigned to support intuitive access to AOP
browsing. The new AOP-KB will retain some current features but
the aim is to make it an attractive and user friendly application that
satisfies the needs of both AOP and method developers.

https://doi.org/10.1016/j.toxlet.2018.06.1167

Session 18 – Ecotoxicology and toxicology: bridging the gaps |
contemporary challenges supported by UMICORE

S18-01
Environmental risk and eco-toxicology of
nanomaterials: exposure driven methodology

J. Rose 1,2,∗ , M. Auffan 1,2, P. Chaurand 1,2, D. Borschneck 1,2,
C. Levard 1,2, J. Labille 1,2, A. Masion 1,2, J.-Y. Bottero 1,2

1 CEREGE (UMR 7330) CNRS – IRD - Aix-Marseille University,
INTERFAST Group, Europôle Méditerranéen de l’Arbois,
Aix-en-Provence, France
2 iCEINT, international Center for the Implications of
NanoTechnologies, CNRS – Aix-en-Provence, Duke University,
Durham, Aix-en-Provenve, France

With hundreds of nanotechnology-based materials and products
already on the market, the issues of exposure and hazard became
of the highest importance. If occupational exposure was central in
the scientific literature at the earliest period, environmental expo-
sure remains poorly investigated. It is obvious that while release in
the environment nanomaterial eco-toxicity and behaviour will be
based on very complex bio-physical-chemical processes that still
hinder comprehensive understanding.

Environmental interactions include abiotic and biotic processes
affecting stability (bio-degradation), fate, transport, and transfor-
mation of released nanomaterials. More over as function of the
different stages of life cycle of product incorporating NMs, the
structure, shape and properties of NMs will vary.

The talk will detail many possible interactions occurring while
NMs are released in the environment that will affect the envi-
ronment and ecotoxicity of NMs. The aim of the presentation
is to determine the methodology to better constrain the trans-
fer, transformation and ecotoxicity of by-products released from
nanoproducts / nanocomposite during their life cycle. It will
provide the basis to develop an exposure driven environmental risk
assessment methodology.

Acknowledgment: The project has received funding from
Excellence Initiative of Aix-Marseille University - A*MIDEX, a
French “Investissements d’Avenir” program, through its associ-
ated Labex SERENADE project. It was also supported by the
French X-ray CT platform called Nano-ID funded by the EQUIPEX
project ANR-10-EQPX-39-01. This work also benefited from SUN
(FP7-NMP-2013-LARGE-7-604305) project funded by the European
commission.

https://doi.org/10.1016/j.toxlet.2018.06.1168

S18-02
Impact of oral exposure to nanomaterials for
consumers

H. Bouwmeester

Wageningen University, Toxicology, Wageningen, Netherlands

Nanomaterials may be incorporated in many food products. Exam-
ples are food grade titanium and silica materials that likely contain
fractions of particles in the nanosize range. Environmental con-
tamination with nanomaterials is a likely source of nanoparticle
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exposure via food. We’ve recently performed human studies, using
post mortem liver and spleen tissues as well as dedicated in vitro
studies to study the likelihood and magnitude of orally ingested
nanomaterials. In our studies we combined in vitro digestion, emu-
lating the functions of the human digestive tract, with in vitro
intestinal epithelial models of Caco-2 cells co-cultured with mucus
secreting HT29-MTX cells. Our results indicate low (<5%) trans-
port of different type of 50 nm silver nanoparticles. In more detail,
we exposed monolayers of these cells grown in Transwells, to
negatively charged 50 nm AgNPs functionalized with citrate (-Cit)
or lipoic acid (-LA) groups and silver nitrate (AgNO3) as a con-
trol. Analysis of cellular fractions as wells as samples from the
receiving compartments of the Transwells with single particle ICP-
MS revealed that after in vitro digestion the number of particles
detected in the cell fraction after exposure was ∼100 fold higher
compared to exposure to the pristine ones. Amounts of nanoparti-
cles transported to the the receiving compartments of the Transwell
were low. Interestingly, we also observed small particles (20 nm) in
the receiving compartment following exposure of the monolayers
of cells to silver ions. This suggest a de novo synthesis of particles
which we are currently exploring further using TEM-EDX analy-
sis. Given the relatively low transport of nanomaterials it might be
questioned if this would result in a level of systemic exposure that
is of concern. For this we analysed post mortem human spleen and
liver tissues on the presence of titanium particles. Using a fully vali-
dated single particle ICP-HRMS method we have been able to show
the presence of titanium particles with >24% of the particles with
a size smaller than 100 nm. I’ll discuss these observation, link the
observations with the different materials and provide directions for
future research aiding the future risk assessment of oral exposure
to nanomaterials.

https://doi.org/10.1016/j.toxlet.2018.06.1169

S18-03
Uncertainty analysis in risk assessments of
chemicals have equal principles for protecting
either human health or the ecosystem

E. Smolders 1 , V. Verougstraete 2,∗

1 KU Leuven, Division Soil and Water Management, Leuven, Belgium
2 Eurometaux, Brussels, Belgium

Risk assessment of chemicals calculates risk based on a compari-
son of exposure with effects, leading to risk management measures.
Risk assessments may differ between those protecting human
health and those protecting the ecosystem. Reasons for such antic-
ipated differences are related to different regulatory traditions,
different schools, different levels of protection or in complexity to
tackle. In contrast, we propose and will illustrate here that these
risk assessment approaches are based on equal principles and share
more in common than what might be expected at first glance. We
will illustrate this by showing the parallel steps taken in an envi-
ronmental risk assessment of Zn, a human health assessment of Ni
and the assessment of man exposed to Cd via the environment.
The three examples will show how the risk is calculated in the
chain of transfer/events between the emissions of the chemical
and the effect on humans at population level or at the level of the
ecosystem. Uncertainty assessment is inherently a large part of risk
assessment. In both approaches, it is accounted for by means of
worst-case assumptions and assessment factors implicitly embed-
ded in calculation schemes and rules. As uncertainty can partly be
evitable by e.g. more data or more refined tools, (eco)toxicologists
will strive at reducing the uncertainty. We will illustrate that uncer-
tainty is lowest at the site of action between the chemical and
the biomolecule of a cell but that the uncertainty increases on

the one hand, from that point to emissions (fate/exposure) and,
on the other hand, towards the biota in population or ecosystem
(effect/ecology). The presentation will demonstrate how compa-
rable the questions become when (eco)toxicologists need to find
the best balance between the generation of more knowledge or
more precise tools and practical limitations. Approaches to deal
with uncertainty become fully complementary when addressing
the exposure of human populations via the environment.

https://doi.org/10.1016/j.toxlet.2018.06.1170

Session 19 – Translational safety biomarkers: current and future
trends

S19-01
Evaluation of emerging biomarkers for major
organ toxicities and disease states

H.C. Ellinger-Ziegelbauer 1,∗ , M. Hellmund 2, M. Pavkovic 3,
B. Petzuch 1, M. Raschke 2, B. Riefke 2, M. Slopianka 2

1 Bayer AG, Investigational Toxicology, Wuppertal, Germany
2 Bayer AG, Investigational Toxicology, Berlin, Germany
3 Bayer AG, Biomarker Research, Wuppertal, Germany

Major characteristics of an ideal biomarker include specificity and
sensitivity for detection of organ injury, robust detectability, and
presence in biofluids for non-invasive measurement and trans-
latability. Various types of molecules are being evaluated for such
properties to serve as markers for disease characterization in drug
research, and/or for safety assessment in toxicological studies.
Organs of interest include liver, kidney and pancreas.

For liver, accepted parameters to detect organ injury exist yet
markers to characterize the specific location or type of the pathol-
ogy are still being explored. We therefore investigated the potential
of bile acids present in plasma to distinguish cholestatic liver injury
in rat using a reference toxin. Bile acids were quantified with a tar-
geted metabolomics approach. Our results suggest that bile acids
appear suitable to detect cholestatic changes with higher sensitiv-
ity in comparison to classical clinical chemistry parameters.

For pancreas injury, circulating miRNAs have been proposed as
safety markers with superior sensitivity compared to the estab-
lished pancreatic enzymes. We explored their suitability in the
context of rat studies with sompounds inducing pancreatic lesions
of different kinds. Results of time-course profiles of a panel of 51
miRNA analyzed using the Abcam FirePlex

®
platform will be dis-

cussed in the context of classical measurements.
For kidney, urinary protein biomarkers with higher sensitiv-

ity than classical markers were qualified for preclinical studies.
Also, the potential of miRNAs to identify specific injury locations
is being explored for acute kidney injury. We started to analyze
whether miRNAs present in urinary exosomes may be suitable to
detect chronic organ damage, using two rat disease models in which
kidney disease develop over weeks. MiRNA profiles from urinary
exosomes during disease progression will be assessed and com-
pared to urinary miRNA data from patients with chronic kidney
disease.

https://doi.org/10.1016/j.toxlet.2018.06.1171

https://doi.org/10.1016/j.toxlet.2018.06.1169
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https://doi.org/10.1016/j.toxlet.2018.06.1171
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S19-02
Evaluation of bile acids as additional markers
for drug-induced liver injury

B. Riefke ∗

Bayer Pharma AG, Leverkusen, Germany

The potential of bile acids as additional markers for liver injury in
plasma was evaluated in a series of rat studies using model toxins.
In one example cholestatic liver injury in a rat model using a refer-
ence toxin was induced . Bile acids were quantified with a targeted
metabolomics approach on an AB SCIEX QTRAP® 5500 system. Our
results suggest that bile acids appear suitable to detect cholestatic
changes and, in comparison to classical clinical chemistry parame-
ters, with higher sensitivity during dosing and recovery phase.

https://doi.org/10.1016/j.toxlet.2018.06.1223

S19-03
Recent advances on novel translational kidney
safety biomarkers and their use in the value
chain

J.-C. Gautier

Sanofi R&D, Preclinical Safety, Vitry-sur-Seine, France

Monitoring of drug induced kidney injury (DIKI) remains a chal-
lenge in both preclinical and clinical settings. The traditional renal
biomarkers, BUN and serum creatinine, are known to only increase
when at least half of the kidney function is lost. These two parame-
ters are not very sensitive and specific to early detection of kidney
injury and impaired function as they are both affected by other
renal and non-renal factors.

In the past few years, novel translational DIKI biomarkers which
can be measured in both preclinical and clinical situations, like
urinary KIM-1, clusterin, NGAL, osteopontin, have been evaluated
by consortia such as the PSTC NWG and IMI SAFE-T DIKI Work-
Package. As a recent outcome, the FDA and EMA have issued
“Biomarkers Letters of Support” to encourage their further devel-
opment and exploratory use as biomarkers of drug-induced tubular
injury in early clinical trials.

With the advancement of novel DIKI biomarkers, compound
development programs may benefit from translational strategies
that include novel DIKI biomarker measurements alongside tradi-
tional renal safety monitoring. The presentation will include case
study examples of selected investigations in rodents and non-
human primates showing usefulness of novel translational kidney
safety biomarkers in the value chain to either help select and
prioritize preclinical drug candidates, or facilitate progression of
compounds from preclinical to clinical studies.

https://doi.org/10.1016/j.toxlet.2018.06.1172

S19-04
Taking safety biomarkers ‘out of the box’:
biomarker panels and drug induced injuries

S. Glineur 1,∗ , V. Gryshkova 1, J.-P. Valentin 1,
A. Nogueira da Costa 2

1 UCB BioPharma SPRL, Investigative Toxicology, Braine- l’Alleud,
Belgium
2 UCB BioPharma SPRL, Experimental Medicine and Diagnostics,
Braine- l’Alleud, Belgium

In the war on drug attrition, one approach deployed by the phar-
maceutical industry consists in making more use of biomarkers

in preclinical drug discovery to reduce safety-related drug failure.
Over the last decade the potential of microRNAs (miRNAs) as early
translatable safety biomarkers has been nourished by multiple lines
of evidence about their biology (e.g. some are cell-type specific)
as well as their mode of action in physiological and pathological
processes. This has been enhanced by the substantial progress in
innovative technologies to accurately measure miRNAs in biologi-
cal samples.

With the heart being one of the most susceptible organs to
injury, we investigated plasma miRNAs as early biomarkers of car-
diotoxicity by utilizing an acute 4 day rat model of drug-induced
cardiac injury (DICI) with two cardiotoxicants. Time-course pro-
files of a panel of 68 miRNAs were analyzed using the Abcam
FirePlex

®
platform. By combining the histopathology and protein

biomarker data, which included gold standard cardiac troponins
(cTn) T and I, we showed that plasma miR-208a-3p performance
for indicating the severity of cardiac lesions was reliable and
of comparative sensitivity to cTnT measurements. In addition,
miR-208a-3p is exclusively expressed in the heart tissue and its
nucleotide sequence is highly conserved between human and rat,
hence strengthening miR-208a-3p use as part of a panel of early
biomarkers including cTn.

To investigate urinary miRNAs as potential safety biomarkers
of the kidney, another important site for adverse drug reactions,
we conducted a subacute 28 day rat drug-induced kidney injury
(DIKI) toxicity study with three nephrotoxicants, each targeting a
different nephron segment. Time-course evaluation of a panel of
68 miRNA candidates (Abcam FirePlex

®
) along with seven protein

biomarkers confirmed the value of several miRNAs as DIKI biomark-
ers, including miR-210-3p in the setting of renal papillary injury.

The data generated not only improves our understanding of the
miRNA utility as DIKI and DICI biomarkers but also supports the use
of biomarker panels comprising proteins and miRNAs. Overall, we
will review how we can leverage our current preclinical models to
further characterize and implement biomarker panel use in drug
safety assessment.

https://doi.org/10.1016/j.toxlet.2018.06.1173

Session 20 – Tools, trends, and technologies in modern CNS
safety assessment: Mind your brain!

S20-01
3Rs Favourable CNS evaluation: Integration of
safety pharmacology endpoints in toxicology
studies

W.S. Redfern

AstraZeneca, DSM IMED Biotech Unit, Cambridge, UK

Conventional in vivo safety pharmacology studies evaluate the
effects of a single administration of a test compound and therefore
miss out on any changes in response that may occur on repeated
dosing. Most pharmacological responses mediated via the CNS are
detectable after a single dose, but some diminish on repeated
dosing (tolerance), whereas others increase in magnitude (sensi-
tization). Also, some neurotoxic effects of drugs are either delayed
in onset or require multiple exposures before they develop (e.g.,
neuropathy). Furthermore, the increasing diversification of preclin-
ical discovery projects beyond small molecules into biologics and
new modalities has led to increased incorporation of CNS safety
endpoints into repeat-dose toxicity studies, both in the GLP regula-
tory studies and prior to candidate drug selection. Nonetheless, this
lags well behind the inclusion of cardiovascular safety endpoints,
where the use of noninvasive (jacketed) 24 h ECG recordings are
widely used in large animal GLP regulatory toxicology studies.

https://doi.org/10.1016/j.toxlet.2018.06.1223
https://doi.org/10.1016/j.toxlet.2018.06.1172
https://doi.org/10.1016/j.toxlet.2018.06.1173
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The challenge is how to do this efficiently and effectively,
and without significantly increasing the number of animals used
or the welfare burden on individual animals. To achieve this,
the techniques used need to be noninvasive (or minimally inva-
sive), unobtrusive (i.e., not impede the toxicology study) and,
where possible, automated. This could involve the inclusion of
multiparameter neurobehavioural (i.e., FOB/Irwin) assessments in
repeat-dose toxicity studies in rodents, and/or other tests where
there is specific cause for concern [1]. Home cage automated
behavioural analysis systems are now available that provide 24/7
acquisition of home cage activity of individual rats when group-
housed, as well as capturing continuous HD quality video for
retrospective manual snapshot observations [2], which accord with
the above requirements.

References

Redfern, W.S., et al., 2013. Toxicol Res 2, 209–234.
Redfern, W.S., et al., 2017. PLoS ONE 12 (9), e0181068.

https://doi.org/10.1016/j.toxlet.2018.06.1174

S20-02
Seizures and dreams in non-clinical drug
development: from brain slices to EEG

S. Authier

CiToxLAB, 445 Armand Frappier, Laval, Quebec, Canada

Several drug candidates have EEG effects that can be used as part
of drug safety but also for efficacy assessments during non-clinical
development. qEEG from non-clinical studies (toxicology or dedi-
cated safety pharmacology) is now commonly used to assess target
engagement and predict clinically active doses or to assess poten-
tial sedative or stimulatory effects. The session will present the use
of qEEG as a pharmacodynamy biomarker to estimate drug effects
on CNS activity as an early step to establish safety margins. Con-
currently, polysomnography can be included to explore potential
effects of the test drug on sleep architecture. Drug induced seizures
present unique features which are also critical during EEG analy-
sis for ictal event detection but also for establishment of the EEG
NOAEL required to establish clinical doses. Characteristics of a pop-
ulation of drug induced seizures observed in toxicology studies up
to 13 weeks in rats, dogs, monkeys and minipig will be discussed.
Premonitory signs, time to onset, frequency, duration, post-ictal
changes, and treatability will be reviewed in the context of drug
safety assessments and the lessons learned from this historical
database. Beyond safety, EEG is widely used clinically and non-
clinically to assess drugs effects on brain activity in the therapeutic
range. In vitro and ex-vivo models have emerged as surrogates dur-
ing non-clinical development and potential applications to assess
CNS safety will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1175

S20-03
Do we neglect peripheral neuropathy?
Pathophysiology, assessment and translational
aspect

J.C. Arezzo

Albert Einstein College of Medicine, Rose F. Kennedy Center, Bronx,
New York, US

The evaluation of neurotoxic damage to portions of the periph-
eral nervous system presents a unique set of challenges, as deficits

can result from insults to myelin, axons, neuronal membranes,
soma, synapses, glia and vasculature. The vulnerability of the
peripheral nerve is a function of the length of sensory and motor
axons, the fenestration of the blood nerve barrier at the dor-
sal root ganglia, differences in axonal cross-section diameters,
and the degree of myelin. There is a growing awareness that
unmyelinated small fiber neuropathies (SFN) have largely been
understudied. These conditions are associated with burning or lan-
cinating pain, loss of thermal sensitivity, allodynia and autonomic
deficits.

We will outline a number of techniques that have been used
to assess the various forms of neuropathy, including, but not
limited to: neuropathology, electrophysiology, and behavioral
assessments. We will also explore emerging procedures, such as,
epidermal fiber density and diffusion tensor imaging, that bring a
new direction to our understanding of neuropathy.

https://doi.org/10.1016/j.toxlet.2018.06.1176

S20-04
Exciting challenges in the regulatory field of
preclinical abuse liability testing of novel
CNS-active drug candidates: can we cope?

G. Teuns

Janssen R&D, Toxicology - Safety Pharmacology, Beerse, Belgium

The incremental non-medical use of prescription drugs and
their concomitant risk for dependence behaviour has created
an increased concern on the abuse potential of CNS-active drug
candidates by both the Pharma Industry and the drug licensing
authorities. The most stringent regulatory documents intended to
provide guidance on the investigation of abuse potential of new
CNS-active molecular entities comprise the EMA guidance (2006),
the international ICH M3(R2) guideline (2009) and the recently
released final FDA guidance (2017).

The construct of a preclinical abuse liability assessment implies
exciting scientific and technical challenges, which will be discussed
in view of the requirements of the latest guidances. The transla-
tional approach of preclinical abuse liability testing towards human
will also be considered.

https://doi.org/10.1016/j.toxlet.2018.06.1177

Session 21 – New insights in the role of innate immunity in
immunotoxicology

S21-01
Role of the innate immunity in drug-induced
hepatotoxicity

H. Jaeschke

University of Kansas Medical Center, Pharmacology, Toxicology &
Therapeutics, Kansas City, US

Acetaminophen (APAP)-induced liver injury is currently the most
frequent cause of acute liver failure in many countries. Although
many aspects of the mechanism of cell necrosis in hepatocytes
have been investigated, the mechanisms of the innate immune
response are well understood and the pathophysiological signifi-
cance remains controversial. In mice and in humans, APAP overdose
causes extensive necrosis, which triggers the release of damage-
associated molecular patterns (DAMPs) including high mobility
group box 1 (HMGB1) protein, mitochondrial DNA (mtDNA) and
nuclear DNA fragments, which activate toll-like receptors on
Kupffer cells causing cytokine formation. However, some of the

https://doi.org/10.1016/j.toxlet.2018.06.1174
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cytokines, e.g. IL-1�, require processing by caspase-1, which gener-
ates the active pro-inflammatory cytokine. Activation of caspase-1
occurs through the release of ATP and other DAMPs by necrotic
cells that bind to purinergic receptors on macrophages thereby
stimulating the Nalp3 inflammasome. Cytokines and chemokines
activate and recruit initially neutrophils and later monocytes into
the liver. Although the inflammatory response after APAP-induced
liver injury is well established, the question whether inflammatory
cells aggravate liver injury or are essential for the recovery phase
by removing cellular debris is controversial. Evidence both for and
against each concept has been reported. The presentation will ana-
lyze the most recent findings on the role of the innate immune
system in the injury process and recovery in experimental systems
and in humans.

https://doi.org/10.1016/j.toxlet.2018.06.1178

S21-02
The hidden face of monocytes in
particle-induced fibrosis and mesothelioma

F. Huaux

Université catholique de Louvain, Louvain centre for Toxicology and
Applied Pharmacology, Brussels, Belgium

The respiratory toxicity of persistent inhaled particles such as
silica, asbestos and carbon nanotubes, notably their capacity to
induce fibrosis and malignant mesothelioma, remains a serious
cause of concern for public health and continues to pose major
clinical challenges. It is now admitted that uncontrolled immune
responses and specific leukocyte accumulation play a key role
in responses to particles. We demonstrate that, during the early
responses to particles, recruited tissue monocytes acquire a pre-
viously uncharacterized immunosuppressive phenotype, and are
defined as M-MDSCs (Monocytic Myeloid Derived Suppressive
Cells). The molecular mechanisms by which these immature mono-
cytes suppress T lymphocyte functions and contribute to fibrosis
and mesothelioma development is mainly related to TGF-� activa-
tion. Our findings provide new insight on the early and sustained
immunosuppressive microenvironment induced by reactive parti-
cles and open new strategies for proposing new biomarkers and
therapeutic targets.

https://doi.org/10.1016/j.toxlet.2018.06.1179

S21-03
Cutaneous innate immunity activation in
response to xenobiotics: how do contact
allergens manage this activation?

S. Kerdine-Römer

Université Paris-Sud, Paris Saclay, INSERM UMR-996,
Châtenay-Malabry, France

The skin provides a first line of defense against microbial pathogens,
physical and chemical insults. It displays a protective function but
may induce or inhibit the quality of immune response. Immune
function of the skin is crucial since its dysfunction is implicated in
a variety of inflammatory skin disorders, including allergic contact
dermatitis, atopic dermatitis. The cutaneous innate immune sys-
tem, localized in epidermis and dermis, consists of keratinocytes,
dendritic cells, macrophages and mast cells. Many other cells can
be mobilized such as neutrophils, inflammatory dendritic cells.
Epithelial and resident innate immune cells in the skin express
Pattern Recognition Receptor (PRR) such as TLRs, NLRs. It has been
shown that xenobiotics such as chemical allergens control, directly

or indirectly, PRR’s activation contributing to the development
of cutaneous inflammation as well as immune tolerance of the
skin. They cause sterile inflammation by activating mechanisms
of innate immune system. The mechanistic insights into innate
immune system activation by contact allergens demonstrate
the role of DAMPs and other endogenous danger signals in the
activation of TLR2 and TLR4 and of the NLRP3 inflammasome in
allergic contact dermatitis.

Moreover, Nrf2 as received attention, due to its critical role
in the regulation of defensive machinery. In fact, Nrf2 activa-
tion induces innate immune response to suppress or eliminate
bacterial and viral pathogens. In response to chemical sensiti-
zers Nrf2 is induced in the skin and controls inflammation via
innate immune response. Therefore, xenobiotics mimic viral or
bacterial antigens and their chemical reactivity participates in the
activation of the Nrf2 pathway by also playing a role in innate
immunity.

Finally, innate immunity is induced by xenobiotics simi-
larly to viral or bacterial antigens. Using common signaling
pathways, xenobiotics activate and orchestrate the response
via numerous innate immunity cells, resulting in adverse
reactions.

https://doi.org/10.1016/j.toxlet.2018.06.1180

S21-04
Neutrophil-monocyte interplay in
drug-induced liver injury

R. Pieters 1,3,∗ , M. Bol-Schoenmakers 1, R. Weaver 2, J. Smit 1,
G. Giustarini 1

1 Utrecht University, Institute for Risk Assessment Sciences, Utrecht,
Netherlands
2 Institut de Recherches Internationales Servier (I.R.I.S.), Suresnes
Cedex, France
3 University of Applied Sciences Utrecht, Innovative Testing in Life
Sciences & Chemistry, Utrecht, Netherlands

Idiosyncratic drug-induced liver injury (iDILI) has a poorly under-
stood pathogenesis. iDILI is often associated with inflammatory
stress signals, both in human patients and animal models. In some
of these models, but particularly in the established iDILI-mouse
model with the fluoroquinolone trovafloxacin (TVX), tumor necro-
sis factor (TNF) and neutrophils appear crucial. Since the exact role
of these and other leukocytes remains to be defined, we set out to
study the kinetics of immunological changes during the develop-
ment of TVX-induced iDILI in mice.

We found that TNF induced early (at 2 h after injection) liver
influx of leukocytes, in particular neutrophils, in mice treated with
TVX, the non-DILI-inducing analogue levofloxacin (LVX) or with
saline as control. At 4 hours, however the neutrophil amounts in
liver were reduced again in saline- and LVX-treated mice whereas
the amounts in TVX-treated mice remained at the same increased
level as at 2 hours. The influx of monocytes/macrophages, which
was unaffected in saline- and LVX-treated mice was markedly
reduced or even absent in TVX-treated mice. Unlike controls,
mice receiving TVX + TNF display severe hepatotoxicity with
clear pathology and apoptosis, coagulated hepatic vessels and
increased alanine aminotransferase levels and interleukin 6/10
ratios. Findings indicate that TVX delays the acute influx of neu-
trophils/monocytes by interfering with their migration and tissue
influx. Indeed, we also found that TVX inhibits in vitro migration
of human neutrophils and decreases ICAM1 expression in livers of
TVX-treated mice

Considering their known anti-inflammatory functions, the dis-
ruption of influx and interplay of innate leukocytes may hamper the

https://doi.org/10.1016/j.toxlet.2018.06.1178
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resolution of initial cytotoxic effects of TVX and thus contribute to
liver injury development.

https://doi.org/10.1016/j.toxlet.2018.06.1181

Session 22 – Mode of action as a key in risk assessment of chem-
ical carcinogens

S22-01
Reassessment the Two Year Rodent
Carcinogenicity Bioassay

A.W. Hayes

University of South Florida, College of Public Health, Temple Terrace,
US

The two-year rodent carcinogenicity bioassay has long been the
subject of controversy. Numerous articles have identified issues
surrounding the bioassay, and many have questioned the pre-
dictability, utility, and even the necessity of this assay when other
more appropriate means of achieving information to determine
the cancer potential in humans and inform risk management deci-
sions are available today. The two basic assumptions underlying the
bioassay are: (1) rodent carcinogens are human carcinogens; and
(2) results obtained at high doses are indicative of results that will
occur at lower, environmentally relevant, doses. Both assumptions
are probably incorrect. Furthermore, the extreme conditions of the
bioassay (e.g., high doses, lifetime exposure and, at times, a non-
physiological route of administration) leads to the outcome that
virtually all chemicals tested could be rodent carcinogens. While
there remain strongly held opinions on the bioassay, the 21st cen-
tury trend in toxicology is to promote hypothesis, tier-based testing
that draws on a broad array of information from several sources
including predictions from computational and molecular methods.

https://doi.org/10.1016/j.toxlet.2018.06.1182

S22-02
Current approaches to risk assessment of
carcinogens

D. Schrenk

University of Kaiserslautern, Food Chemistry and Toxicology,
Kaiserslautern, Germany

Chemical carcinogens are compounds which can cause cancer in
humans and experimental animals. This property is attributed to
many chemicals of public concern, resulting in a widespread per-
ception of danger and threat. In contrast, a scientific analysis of the
wide and non-critical use of the term ,carcinogenic’ is warranted.

First, it has to be clarified if the compound acts in a genotoxic
or non-genotoxic manner. In the latter case, an ineffective (safe)
threshold dose without cancer risk can be assumed. In addition, it
needs to be investigated if the mode-of-action causing tumors in
laboratory animals is relevant at all for humans.

In case the compound is clearly directly genotoxic, an inef-
fective threshold dose cannot be assumed. However, also in this
case it is evident that high doses of the compound are associated
with a high cancer risk, low doses with a lower one. Previously,
it appeared useful to define a practically achievable (lowest) dose
level by management measures (ALARA principle) while in recent
years, a science-based approach seems to be preferred. Based on
dose-response data from animal experiments, quantification of the
cancer risk is ideally carried out by mathematical modeling. A dose
with a pre-defined cancer risk (e.g. 10% tumor-bearing animals)
is frequently used as Point of Departure (POD). If the Margin of

Exposure (MoE) between the POD and the current human expo-
sure exceeds 10,000, the degree of possible concern is classified
as low, while below 10,000 it is considered as of possible concern.
Alternatively, an ‘acceptable’ dose with a pre-defined hypotheti-
cal risk (e.g. one in a million expected additional cancer cases) can
be derived from a linear extrapolation of the dose-response data.
Finally, the Threshold of Toxicological Concern (TTC) approach was
designed to allow risk assessment of compounds bearing structural
alerts for genotoxicity and carcinogenicity without relevant toxico-
logical data. In contrast, the existence of a threshold dose without
concern is widely accepted for carcinogens with indirect genotoxic
effects mediated e.g. via oxidative stress.

https://doi.org/10.1016/j.toxlet.2018.06.1183

S22-03
Mode of action and human relevance of rodent
liver tumours produced by nongenotoxic CAR
and PPAR� activators

B.G. Lake

University of Surrey, Guildford, UK

Many nongenotoxic chemicals have been shown to produce
liver tumours in rats and mice. Such chemicals include acti-
vators of the constitutive androstane receptor (CAR) and of
the peroxisome proliferator-activated receptor alpha (PPAR�),
which induce cytochrome P450 (CYP) enzymes in the CYP2B
and CYP4A subfamilies, respectively. Robust modes of action
(MOAs) for rodent liver tumour formation have been established
for both CAR activators (e.g. phenobarbital/sodium phenobarbi-
tal and the natural pyrethrins) and for PPAR� activators (e.g.
di-(2-ethylhexyl)phthalate, gemfibrozil and other hypolipidaemic
agents). Key events for the MOAs for both CAR and PPAR� activators
include receptor activation, increased hepatocyte replicative DNA
synthesis (RDS), clonal expansion leading to altered foci and forma-
tion of liver adenomas/carcinomas; with associate events including
liver hypertrophy and induction of CYP enzymes. The key species
difference between the hepatic effects of CAR and PPAR� activators
in the rat and mouse compared to humans, is that human hepato-
cytes are refractory to the mitogenic effects of these compounds.
In this respect humans are similar to other species including the
Syrian hamster and guinea pig. Studies performed in a number of
laboratories have demonstrated that while CAR and PPAR� acti-
vators can induce RDS in cultured rat and mouse hepatocytes, such
effects are not observed in human hepatocytes. However, as a mea-
sure of functional viability, treatment with epidermal growth factor
(EGF) or hepatocyte growth factor was shown to induce RDS in
hepatocytes from all species. In addition, in in vivo studies per-
formed in chimeric mice with humanised livers, a number of CAR
and PPAR� activators have been shown not to induce RDS in human
hepatocytes, whereas significant increases in RDS were observed
after treatment of the chimeric mice with human EGF. Overall, the
MOAs for rat and mouse liver tumour formation by both CAR and
PPAR� activators can be considered to be qualitatively not plausi-
ble for humans. This conclusion is supported by data from human
epidemiological studies with phenobarbital and hypolipidaemic
drugs.

https://doi.org/10.1016/j.toxlet.2018.06.1184
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S22-04
Multiple modes of action converge in
carcinogenicity of polycyclic aromatic
hydrocarbons

J. Vondracek 1,∗ , M. Machala 2

1 Institute of Biophysics of the Czech Academy of Sciences, Brno,
Czech Republic
2 Veterinary Research Institute, Brno, Czech Republic

Polycyclic aromatic hydrocarbons (PAHs) are an important class
of environmental pollutants with carcinogenic properties. Both
individual PAHs, such as benzo[a]pyrene (BaP), and their complex
mixtures, have been associated with adverse human health effects,
including cancer. Their carcinogenicity is primarily attributed to
their genotoxic effects, linked with formation of covalent DNA
adducts. Nevertheless, PAHs represent a highly diverse group of
compounds, and our recent studies have suggested that PAHs may
elicit a number of non-genotoxic effects, which might play a role
in their carcinogenicity or co-carcinogenicity. In a variety of cel-
lular models representing lung and/or liver tissues, PAHs have
been found to disrupt cell proliferation control, to alter cell-to-cell
communication (in particular gap junctional intercellular commu-
nication), or to interact with a number of intracellular signaling
pathways, including those deregulated during tumor development.
Importantly, activation of the aryl hydrocarbon receptor (AhR) has
been found to play major roles not only in bioactivation of PAHs to
their genotoxic metabolites, but also in their other effects (includ-
ing disruption of signaling pathways linked with tumor promotion
and/or further steps of chemical carcinogenesis). These studies
indicate that more attention should be paid to the non-genotoxic
modes of action (MOA) of PAHs and their complex environmental
mixtures. In particular, future work should address the relevance of
identified in vitro non-genotoxic MOAs for human risk assessment.
Our work is currently supported by the Czech Science Foundation
(project no.18-00145S).

https://doi.org/10.1016/j.toxlet.2018.06.1185

Session 23 – Breeding IATAs for predicting DART by fusing high-
dimensional data with biological knowledge

S23-01
Developmental and Reproductive toxicity
testing – the next generation

M. Beekhuijzen

Charles River,’s-Hertogenbosch, Netherlands

With this symposium, we would like to introduce an exciting field
of toxicity assessment to the participants. We foresee that the con-
cept of Adverse Outcome Pathway (AOP) in developing Integrated
Approaches to Testing and Assessment (IATA) will become an
essential part of developmental and reproductive toxicity (DART)
testing in the near future. The greatest revolution that will define
the next era of toxicity testing is the shift from thick-box driven
standard animal experiments towards tailor-made approaches by
intelligent and pragmatic testing using computational, molecu-
lar, and in vitro tools. This change will apply for pharmaceuticals,
agrochemicals and industrial chemicals, and is for pharmaceuticals
in line with the proposed update of the ICH S5 guideline to better
reflect the revolution in scientific, technological and regulatory
knowledge. Currently a lot of work is being performed with the
ultimate goal to have more relevant testing strategies which also
support the 3R principles. This symposium will give an overview of
state of the art, including theory and practice, with distinct exam-

ples of what has been achieved so far, and an outlook towards future
developments toward animal-free DART prediction of chemicals.

https://doi.org/10.1016/j.toxlet.2018.06.1186

S23-02
Adverse outcome pathway (AOP) -informed
tiered testing to predict developmental or
reproductive toxicity (DART) risks during new
active substance R&D

R. Currie 1,∗ , J. Delany 2, N. Kidley 2, K. Papachristos 2, K. Wolton 1,
D. Cowie 1, R. Richards-Doran 1, S. Wang 1, S. Modi 1

1 Syngenta, Product Safety, Bracknell, UK
2 Syngenta, Computational Chemistry, Bracnell, UK

The elimination of chemicals with DART effects is a critical
success factor during crop protection active substance research
programmes for progression into development. Rapid approaches
that enable chemical design are highly desirable because guideline
tests have limited value. We use the AOP framework to inform the
data-driven creation of tiered testing strategies for DART predic-
tion. Analysis of historical data identified 58 potential molecular
initiating events (MIE) for DART - the “DARTable genome”. We
expanded the DARTable genome using bioinformatics analysis of
public and commercial databases (e.g. Mouse Genome Informatics
and Ingenuity Knowledgebase) to link developmental phenotypes
to specific genes. Using ChEMBL we generated 2D and 3D models
of chemical binding to a subset of the DARTable genome. A Pipeline
Pilot workflow including these models provides the first tier: an ini-
tial prediction of the potential of a chemical to effect known DART
MIEs. Specific in vitro tests of these hypothetical MIEs provides
the second tier and information suitable to aid chemical design
decisions. As our knowledge of the DARTable genome is currently
incomplete, inclusion of surrogate tests (stem cells, Zebrafish, C.
elegans, high throughput in vitro toxicogenomics or high content
screens) can also be included in Tier 2. Effects seen in these test
systems can provide the starting point for mechanistic investiga-
tions and further elaboration of the DARTable genome. Once an
MIE is established, we create a quantitative AOP by determining
the minimum target occupancy and duration required to produce
the adverse effect. Currently this involves the empirical determi-
nation of thresholds using a combination of in vitro MIE assays,
in vivo pharmacokinetic and repeat dose in vivo studies using omics
analysis to identify biomarkers that correlate with DART. We are
currently exploring if this quantitative understanding can also be
derived from systems biology models.

https://doi.org/10.1016/j.toxlet.2018.06.1187

S23-03
Building an AOP based prenatal developmental
toxicity ontology

A.H. Piersma 1,2

1 RIVM, Bilthoven, Netherlands
2 IRAS, Utrecht, Netherlands

During the past half century, regulatory developmental toxicity
assessment of chemicals and pharmaceuticals has largely relied
on animal testing. The necessary extrapolation of animal find-
ings to risks in man has been difficult. Intra- and interspecies
extrapolation factors are used to cover uncertainties. The Tox21
vision has provided a different perspective. Briefly, if human risk
assessment could be based on human relevant information about
mode of action underlying adversity, this would avoid interspecies

https://doi.org/10.1016/j.toxlet.2018.06.1185
https://doi.org/10.1016/j.toxlet.2018.06.1186
https://doi.org/10.1016/j.toxlet.2018.06.1187
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extrapolation and experimental animal use, and be more convinc-
ing in terms of human risk assessment. This approach requires
innovative approaches towards understanding and assessment of
mode of action. In recent decades, developmental biology research
has provided a wealth of mode of action information on embryo-
genesis. This information can be employed to define molecular key
events in embryogenesis and related biomarkers to be employed
in in vitro systems to study effects of chemicals. Furthermore, com-
putational systems models can be generated based on mechanistic
understanding of developmental biology. These models can be
used to predict developmental toxicity in silico, integrating in vitro
assay findings on the perturbation of biomarkers representing
key events in embryogenesis. An integrative approach towards
such a model is based in the principle of ontologies, which can be
described as the interactions of gene products active in populations
of cells, directing programmed embryo development. A successful
ontology can also be used to mimic effects of chemicals on actors
in the system, to predict maldevelopment. This approach is chal-
lenging, and indeed revolutionary. However, proofs of principle
of computational models for developmental processes and their
perturbation are emerging. It is a matter of time and effort to
expand models to the level of complexity needed for reliable
embryotoxicity prediction dedicated to human hazard and risk.

https://doi.org/10.1016/j.toxlet.2018.06.1188

S23-04
Integrative Modeling and AOP-based
Simulation of Developmental Toxicity

T.B. Knudsen

US EPA, NCCT, Research Triangle Park, US

Integrated Approaches to Testing and Assessment (IATA) can help
focus DART resources by strategically targeting developmental
hazards predicted by alternative in vitro assays and non-testing
in silico platforms. Advances in biomedical engineering and com-
putational sciences now enable high-throughput screening (HTS)
to profile large chemical libraries for bioactivity. EPA’s ToxCast
program has provided HTS data on thousands of chemicals for
hundreds of endpoints including biochemical assays, reporter
cell lines, zebrafish developmental toxicity and stem cell plat-
forms. Integration of HTS data with toxicokinetics, chemical
structure-activity relationships, human cell-based organotypic cul-
ture models, adverse outcome pathways (AOPs), and multicellular
agent-based models (ABMs) offers a heuristic approach to an IATA
for DART. Computational biology is uniquely position to translate
this information predictively (bioactivity to apical outcome) and
mechanistically (apical outcome to bioactivity) in a ‘virtual embryo’
that recapitulates the spatial and temporal diversity of morpholog-
ical development. The in silico reconstruction of tissue dynamics
from the bottom-up, cell-by-cell and interaction-by-interaction,
can return a probabilistic rendering of where, when and how a
developmental defect might emerge. This abstract does not reflect
US EPA policy.

https://doi.org/10.1016/j.toxlet.2018.06.1189

Session 24 – Cardiac Safety: Current state of the art

S24-01
Current challenges and opportunities in cardiac
safety: a clinical perspective

B. Darpo

ERT, Cardiac Safety, Rochester, New York, US

Purpose: To outline how definitive ECG assessment is performed
in early clinical trials, including the use of concentration-QTc (C-
QTc) modeling, and to discuss the potential role of a novel, by CiPA
proposed biomarker, the J-Tpeak interval. It has been suggested
that J-Tpeak prolongation <10 ms can be used to confirm balanced
ion channel-block (hERG vs. Ca or late Na inhibition) and thereby
support reduced or eliminated late stage ECG monitoring, despite
QT prolongation up to 20 ms.

Methods: We applied FDA’s J-Tpeak algorithm, complemented
with iCOMPAS, to moxifloxacin and quinine data from the IQ-
CSRC study with 9 subjects on active and 6 on placebo. The effect
on QTcF and corrected J-Tpeak (J-Tpeak c) was analyzed using
concentration-effect modeling.

Results: On moxifloxacin, there was a good correlation between
QTcF and J-Tpeak c prolongation with placebo-adjusted, change-
from-baseline (DD) J-Tpeak c of ∼12 ms at concentrations that
caused DDQTcF of ∼20 ms. On quinine, the slope of the C-J-Tpeak c
relationship was slightly negative and not statistically significant.
Using C-JTpeak analysis, an effect on DDJ-Tpeak c >10 ms could be
excluded across the observed plasma concentration range, despite
peak QTc up to around 25 ms.

Discussion: In this analysis performed on the IQ-CSRC study
waveforms, J-Tpeak prolongation was observed on moxifloxacin,
but not on quinine, despite clinical observations of proarrhyth-
mias with both drugs. Challenges for the implementation of the
J-Tpeak interval as a replacement or complement to the QTc inter-
val, include to demonstrate that the proposed clinical algorithm
using a J-Tpeak threshold of 10 ms, can be used to categorize drugs
with a QT effect up to ∼20 ms as having low pro-arrhythmic risk.

https://doi.org/10.1016/j.toxlet.2018.06.1190

S24-02
Developing solutions to detect and avoid
cardiovascular toxicity in the clinic

J.-P. Valentin ∗ , A. Delaunois

UCB-Biopharma SPRL, Development Science, Braine l’alleud, Belgium

Given that cardiovascular safety liabilities remain a major cause of
drug attrition during preclinical and clinical development, adverse
drug reactions, and post-approval withdrawal of medicines, it is
critical to determine, understand and address drug-induced cardio-
vascular toxicity. The presentation will focus on addressing three
major questions: (i) what are the key cardiovascular safety liabili-
ties in drug discovery, drug development and clinical practice? (ii)
how good are current preclinical and clinical strategies for detec-
ting cardiovascular liabilities? and (iii) do we have a mechanistic
understanding of these liabilities to enable the development or
refinement of safety strategies focusing on hazard detection, risk
assessment and mitigation ? In particular, a greater understand-
ing of the on-and off-target mechanisms responsible for adverse
cardiovascular effects of drugs provides the opportunity to evalu-
ate cardiovascular toxicity in its multiple forms (functional effects
such as electrophysiologic, inotropic, chronotropic, and struc-
tural changes such as apoptosis, necrosis, degeneration) earlier
in drug discovery and with greater specificity. Advances in novel

https://doi.org/10.1016/j.toxlet.2018.06.1188
https://doi.org/10.1016/j.toxlet.2018.06.1189
https://doi.org/10.1016/j.toxlet.2018.06.1190
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in-silico and in-vitro human derived models are further enabling
such early safety assessments. The success of these mechanism-
based approaches relies upon active collaboration between clinical
and nonclinical scientists and continuous comparisons of clinical
results with nonclinical findings (including functional measures
and shared biomarkers) from evolving model systems. Specific suc-
cesses (eg drug-induced QT prolongation and Torsades de Pointes)
and challenges (eg failure of hazard identification; suboptimal risk
assessments and inability to optimally risk manage and mitigate)
to this mechanistic framework will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1191

S24-03
Ion channel profiling of stem cell-derived
cardiomyocytes: Useful reagents for automated
patch-clamp?

M. Morton

ApconiX Ltd, Alderley Park, UK

Current ICH guidelines state that compounds in drug discovery
must be tested for inhibition of hERG cardiac ion channel. hERG
inhibition may lead to QT prolongation and a life-threatening car-
diac arrhythmia called Torsades de Pointes. The CiPA initiative will
demand testing at additional ion channel targets; namely hNaV1.5,
hCaV1.2, hKir2.1, hKvLQT1 and Kv4.3. These ion channels are all
amenable to high-throughput, automated patch-clamp (APC) and
are run using recombinant cell lines over-expressing the individual
ion channel.

This presentation will consider: Firstly, the wider application
of human induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) to the CiPA initiative. There have been significant
advances in both the manufacture and culture of stem cell car-
diomyocytes to include 3D and co-culture models. In parallel, there
has been a technological advancement in the platforms on which
their function will be measured; by impedance, microelectrode
arrays and voltage-sensitive dyes, for example. The second con-
sideration is whether emerging data demonstrates these cells to be
a useful, affordable and more predictive cellular reagent for use in
ion channel profiling by automated patch-clamp.

hiPSC-CMs have been shown to express a number of relevant
cardiac ion channels and are amenable to automated patch-clamp.
Action potential recordings can be made simultaneously with those
in voltage-clamp. It is evident however that ion channel expression
profiles vary between cells and suppliers, and important currents
like hERG are undetectable. These cells are also technically chal-
lenging to use in an automated setting possibly reducing their
utility. Further work will be needed to address these problems and
investigate what other relevant cardiac ion channel currents are
present.

https://doi.org/10.1016/j.toxlet.2018.06.1192

S24-04
Cardiac Safety - a Regulatory view point

K. Prasad

Medicines and Healthcare products Regulatory Agency, Licencing
Division, London, UK

Conventional concept of cardiotoxicity has now progressed to a
much broader view from Qt prolongation. No product approved
since the introduction/ adoption of the two ICH guidelines S7b and
E-14 in 2005, has been withdrawn because of QT prolongation in
comparison to the previous 15 years which saw withdrawal, sus-

pension of marketing authorisation or disappearance from market
of nearly 30 drugs. In recent times many drugs were withdrawn or
forced out of the market because toxicity other than arrhythmias.
Interestingly, CV toxicity does not always lead to withdrawal neces-
sitating risk minimisation strategies. Many agents are in common
use and have a therapeutic role. In rare diseases with unmet need
or those with high mortality, cardiotoxicity needs to be managed
to avoid discarding potentially useful drugs. For example, nearly
30% of small molecules for oncology indications have warnings of
CV effects including QT prolongation in the label. Risk minimisa-
tion approaches should include efforts at identifying the potential
off-target effects with investigations focussed on mechanistic prin-
ciples. The predictability of preclinical testing has so far had limited
success. Strategies in development include in silico models, use of
stem cells, preclinical ion channel investigations or a combination
of these. The ongoing CiPA initiative is a good example but has
not yet been adopted sufficiently in practice, as there is greater
reliance on clinical testing in humans. Crucially, the new processes
will need to satisfy the regulatory requirements including adequate
validation of methodology. Need for consistency across method-
ologies often introduces complexities and validation of techniques
and outcomes are often limited by small variations. The presenta-
tion will discuss the some of the regulatory experiences and some
options for comprehensive evaluation of cardiotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.1193

Session 25 – Developmental immunotoxicity

S25-01
Mechanisms of adult and developmental
immunotoxicity

R.R. Dietert

Cornell University, Microbiology and Immunology, Ithaca, US

Detection of immunotoxicity has the greatest impact when it can
help to reduce the most significant human health risks. As a result,
a reverse engineering approach working backwards from human
disease to immune alterations and dysfunction can guide priori-
ties as to when and how immunotoxicity testing would be most
effective. The most prevalent global causes of death are chronic,
noncommunicable diseases and conditions (NCDs) with the major
immune dysfunctional categories being allergic, autoimmune, and
immune-inflammatory driven diseases. These diseases are cur-
rently epidemic, are largely driven by immune dysfunction and
unresolving inflammation, have a high level of comorbidity, have
been emerging at earlier ages in the recent decades, and have
biomarkers for even adult-onset diseases that can be detected in
children (e.g. biomarkers of atherosclerosis and eventual “foam
cell” [aberrant macrophage] formation). Additionally, most of
the immune dysfunction driven diseases involve immune cell
populations in the periphery such as in mucosal tissues. This pre-
sentation will discuss the issues of how best to capture age-related
immunotoxicity that drives most human pathology and disease.
Mechanistic categories of immunotoxicity will be described using
examples from among environmental chemicals, drugs, and food
additives. Finally, the utility of using a systems biology approach
to include the broadest network of human disease-relevant mech-
anisms of immunotoxicity will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1194

https://doi.org/10.1016/j.toxlet.2018.06.1191
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S25-02
Adversity of changes in immune parameters
and findings in developmental immunotoxicity
studies

E.V. Hessel

National Institute for Public Health and Environment (RIVM), Center
for Health Protection (GZB), Bilthoven, Netherlands

In the last decades, there is increasing prevalence of immune-based
diseases in children such as allergy, inflammatory and autoimmune
diseases. The role of chemical exposures in the development of
these immune-based diseases is currently unclear. It is thought
that the developmental immune system is more susceptible to
toxicant exposure than the mature immune system. Developmen-
tal immunotoxicity (DIT) testing is nowadays not or minimally
included in regulatory toxicology requirements.

Retrospective analysis of animal data from available DIT studies
showed that the immune system is very sensitive to the disruption
of toxicants. Most reviewed toxicants show more sensitivity to the
functional immune parameters, like antigen specific parameters,
then for the structural immune parameters. These conclusions were
based on data from different study designs (e.g. route, window and
duration of toxicant exposure). This stimulates the importance of
including functional parameters in the current DIT protocols. How-
ever, the only currently available OECD test guideline that contains
perinatal exposure and prescribes testing structural as well as func-
tional immune parameters is the OECD TG 443 EOGRTS. In line with
current requirements for reproductive toxicity studies, this study
is only carried out in specific cases, covering only a small minority
of compounds.

The analysis performed, showing the relative prominence of
adverse effects on the developing immune system, warrants recon-
sideration of whether this study should be mandatory for more
compounds. Collecting this important piece of information for a far
larger subset of compounds on the market will get more insight into
the sensitivity of compounds to DIT. This would provide a higher
level of protection, especially for the relatively sensitive group of
the unborn and the developing child.

https://doi.org/10.1016/j.toxlet.2018.06.1195

S25-03
Skin sensitisation and developmental
immunotoxicity – is there any mechanistic
association?

K. Malkiewicz ∗ , I.A. Mohammed, A. Arabi

Swedish Chemicals Agency, Sundbyberg, Sweden

The aim of this presentation is to stimulate research focused on
regulatory questions. Understanding of mechanistic associations
between skin sensitisation and developmental immunotoxicity
(DIT) is relevant for testing industrial chemicals under the Regu-
lation (EC) No 1907/2006 (REACH).

Testing for DIT can be performed as part of the Extended One-
Generation Reproductive Toxicity Study (EOGRTS) (OECD 443).
According to REACH (Annex IX and X, Section 8.7.3, Column
2) testing for DIT may be required “in case of particular con-
cern” defined as e.g. “abnormalities”, “adverse effects” or “specific
mechanisms/modes of action (. . .) with association to DIT”. Accord-
ing to the ECHA guidance (R7a, 2017) data that can trigger DIT
test in EOGRTS concerns e.g. changes in haematology, weight or
histopathology of immune organs, in immune function, and hor-
monal mechanisms/MoA with association to the immune system
and as a supportive factor (respiratory) sensitisation.

Uncertainty remains if skin sensitisation should trigger DIT
investigation in EOGRTS. It is established that skin sensitisers act
via pathways involving reactive oxygen species, gene regulators
nuclear factor (Nrf2) (OECD 442D, OECD 168) and aryl hydrocar-
bon receptor (Ahr). There is evidence that these pathways play also
a role in other immunological reactions including immunosuppres-
sion. However, a comprehensive review on the association between
mechanisms of skin sensitisation and DIT is not available. Based on
analysis of 56 substances causing skin sensitisation “no obvious link
to effects on the core set of immune system endpoints” has been
reported (Dewhurst 2015).

Immunosuppressive potential of Nrf2 activators has been
reported including decreased lymph node weight (Kitsukawa
2014), inhibition of human T-cell activation and cytokine produc-
tion in vitro (Zagorski 2013, Macoch 2015, Turley 2015), altered
Th1/Th2 differentiation of murine cells in vitro (Rockwell 2012,
Zagorski 2018). The Nrf2 pathway is shown to protect the foetus
against oxidative stress (Sarah 2015) but the role of Nrf2 in the
developing immune system is not elucidated. In addition, activa-
tion of the Ahr pathway is implicated in both cellular response to
skin sensitisers (Kohle 2007, Johansson 2011, Roggen 2014) and
modulation of the immune system (Hogaboam 2007).

Better understanding of mechanistic association between skin
sensitisation and DIT could improve testing strategies and ulti-
mately identification of developmental immunotoxicants.

https://doi.org/10.1016/j.toxlet.2018.06.1196

S25-04
Regulatory aspects under REACH relating to the
developmental immunotoxicity (DIT) cohort in
the extended one-generation reproductive
toxicity study (EOGRTS)

I. Bichlmaier ∗ , L. Rossi, P. Sakha, O. Leppäranta, H. Huuskonen

European Chemicals Agency, Helsinki, Finland

The DIT cohort in the EOGRTS provides information on the immuno-
toxic potency of substances after exposure during sensitive life
stages. The EOGRTS, which is the information requirement in the
REACH Regulation for higher tonnage substances, only requires
investigations on DIT if a particular concern on it is identified.
Inclusion of the DIT cohort is justified by information showing that
exposure to a substance or its structural analogues causes adverse
(D)IT effects or exerts specific mechanisms which are associated
with such adverse effects. The regulatory consideration whether
a particular concern on DIT exists, is based on evaluating and
weighing all the data from different sources for quality (relevance,
reliability, and adequacy), consistency, statistical significance and
biological relevance of information. Especially, identifying a par-
ticular concern on the basis of mechanistic information may prove
challenging, for example when asking if a substance display-
ing sex hormone-related activity such as (anti)oestrogenicity or
(anti)androgenicity might induce adverse effects on the developing
immune system. So far, the most frequent findings representing a
particular concern have been relevant changes in blood parameters
or immune organs in adult animals. DIT is not covered by any other
study within REACH requirements, but might be useful for further
hazard and risk assessment. Currently there is not much experience
on the interpretation of DIT results, in particular for regulatory risk
management measures such as hazard classification and labelling.

https://doi.org/10.1016/j.toxlet.2018.06.1197
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Session 26 – Success of toxicology applications in society: from
science to regulation and to implementation

S26-01
Introduction to Social Toxicology

J. Liesivuori 1,∗ , A.M. Tsatsakis 2

1 University of Turku, Department of Pharmacology, Drug
Development and Therapeutics and Department of Future
Technologies, Turku, Finland
2 University of Crete, Medical School, Division Morphology,
Heraklion, Greece

Toxicology as science is found in a turning point, that need to be
strenghthen as an academic discipline and to remind the govern-
ments and the public of the necessity of toxicology in protecting
the health of consummers, workers, the general population and
the environment. The Toxicology of the 21st century faces with
the challenge of explain why from epidemiological studies we
found that chemicals in doses consider safety are important fac-
tors that lead to the development of different chronic diseases.
In some cases this can be explained by the fact that humans are
exposed simultaneously or sequentially to large numbers of chem-
icals from various sources. Chemical mixtures represent the biggest
concern of the specialists in the field, and especially the low-
level, long-term exposure to which the population is reutinely
encountered. New methodologies that intend to study long-term
toxicity of non-commercial chemical mixtures with the aim of
investigating simultaneously target organ toxicity, genotoxicity
and endocrine disruption endpoints, and systemic mechanistic
pathways as oxidative stress have been proposed and need to be
validated in order to be included in regulatory work for better
assessment of chemicals risk.

https://doi.org/10.1016/j.toxlet.2018.06.1198

S26-02
How modern toxicology serves the society

T. Hartung 1,2

1 Johns Hopkins Bloomberg School of Public Health, Baltimore, US
2 University of Konstanz, Konstanz, Germany

“Better safe than sorry” is a popular English idiom originating from
Irish novelist Samuel Lover’s Rory O’More (1837). As the precaution-
ary principle, it is the foundation of large parts of toxicology. “Better
late than sorry” is unfortunately one of the consequences, where a
full risk assessment takes years, and “Better false than sorry”, i.e.
accepting many false-positive verdicts, up to ten times more false-
than true-positives, on substances are the consequence. But we pay
a price – we fuel chemophobia. In polls, citizens fear chemicals more
than other diseases (“Better safe and worry”).

At the same time, our safety sciences cannot deliver to these
societal needs. It takes about 20 kg of test substance and $20 mil-
lion to establish in a comprehensive way the safety of a pesticide
and drugs get away with less only because safety is established in
the clinical trials anyway at even higher expenses. For most other
industries, time to market cycles and profit margins do not really
allow such comprehensive assessments with traditional methods.
Especially, the challenge of mixture toxicology is difficult to meet.

Revamping toxicology to serve these needs faces some fun-
damental problems. Faster and more economic methods have
necessarily to be simplistic, so how to address the complexity of
the organism, the systemic toxicities? Fast tests have difficulties
predicting chronic effects. Economic testing has to limit replicates,
thus missing the subtler effects.

However, technological advances enable increasingly these
challenges. High-through-put testing generates mechanistic infor-
mation, systems toxicology - both microphysiological systems and
virtual organ(ism)s - approach human complexity, and big data
combined with artificial intelligence close the gap. When integrated
in testing strategies, combined with systematic review of our exist-
ing knowledge (evidence-based toxicology) and probabilistic risk
assessments, these promise safety assessments with 21st century
approaches.

https://doi.org/10.1016/j.toxlet.2018.06.1199

S26-03
Is global chemical policy reaching its goals?

E. Leinala

OECD, Environment Health & Safety Division, Environment
Directorate, Paris, France

In 2002 at the World Summit on Sustainable Development, govern-
ments identified the goal of “achiev[ing] by 2020, that chemicals are
used and produced in ways that lead to the minimization of signif-
icant adverse effects on human health and the environment”. This
goal is also part of the Strategic Approach to International Chemi-
cals Management (SAICM) adopted by the International Conference
on Chemicals Management at its first session in 2006. A number of
countries developed policy orientation for chemicals management
to meet this goal. Now the 2030 Sustainable Development Goals
add additional policy drivers, SAICM post-2020 is being discussed,
chemicals are included in Circular Economy Action Plans, the EU
will release a non-toxic environment strategy for the future . . .

Global policies are in place, risk assessment and management
methodologies have been developed and are evolving with advanc-
ing science, but what are the management outcomes? Can we
measure them? Are they regional or global? Is there progress? This
talk will explore these elements to initiate discussion on if global
chemical policy is reaching its goals.

https://doi.org/10.1016/j.toxlet.2018.06.1200

S26-04
How effectively toxicology saves consumers?

M. Goumenou

University of Crete, Department of Toxicology and Forensic Sciences,
Crete, Greece

Nowadays, due to the changes in peoples’ life style and the tech-
nological outburst, the consumers are extremely exposed in a
great number of old and new chemicals and through all possible
routes. Food, domestic products, and cosmetics are among the most
prominent sources of exposure. Toxicology studies, including epi-
demiology, identify and quantify both the hazard and the exposure
to individual chemicals and some cases in market products. This
knowledge is then used as basis for development of policy and leg-
islation. In next steps, toxicology is used to control and monitor
the implementation of the legislation and to support authoriza-
tion processes for various marketed products. Practically speaking,
deriving toxicity reference values and comparing them with expo-
sure we performed quantitative health risk assessment aiming in
the protection of the consumers. Further than well established poli-
cies, legislations, and procedures toxicology also reveals new areas
of possible concern and it evolves constantly as science, in order to
support the current but also future challenges.

However, a considerable number of substances on which con-
sumers are exposed are only recently legislated and still under

https://doi.org/10.1016/j.toxlet.2018.06.1198
https://doi.org/10.1016/j.toxlet.2018.06.1199
https://doi.org/10.1016/j.toxlet.2018.06.1200
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evaluation (e.g. flavourings and food enzymes) while some others
are studied insufficiently and/or with old methods and technologies
(e.g. pesticides and food additives re-evaluation). Acknowledg-
ing this fact there is an international effort to close these gaps
so as to increase the level of consumers protection. In addition,
new effects are being revealed as the science improves. Endocrine
disruption is one of the serious effects that it is of high con-
cern globally and there is still under discussion how they should
be treated. Another issue of concern that modern toxicology is
acknowledging and tries to create approaches to study it prop-
erly, is this of the combined exposure to chemicals’ mixtures. Real
life exposure is never just in one chemical but in many. Though,
all toxicologically studied chemicals are studied in isolation and
the respective reference values are produced with out consider-
ing additivity or interactions. Putting together that based on the
international experimental protocols practically all existing toxi-
cological studies are performed without considering the possibility
of low-dose effects it could be said that there are still a lot to be
done.

If we want a clear answer on how effectively toxicology saves
consumers it could said that it saves them more effectively than
ever. However, we still have a lot to do. How far we need to go and
what it is practically feasible in order to be “sufficiently” protective
not only towards health but also towards market and our current
life, as well as supportive of the continuing increase of world pop-
ulation, is a matter of discussion.

https://doi.org/10.1016/j.toxlet.2018.06.1201

S26-05
Successful implementation of toxicology in
occupational health?

J. Takala

International Commission of Occupational Health, Tampere, Finland

Introduction: Measures where toxicology knowledge has been
used in improving occupational health include international con-
ventions, resolutions, directives, strategies, codes and related
national measures. Enforcement, administrative and softer meas-
ures, such as classification and registration of toxic materials, and
data, sources by authoritative institutions and compilations have
been shown to be useful in applying toxicology for the benefit and
protection of workers and the population.

Methods: Measures using criteria related to their impact in
terms of 1) deaths, 2) Disability adjusted life years (DALYs), and 3)
estimated costs were selected. Global, regional and national suc-
cesses are different in various locations. Data on real magnitude of
diseases and disorders is not universal while proxy locations and
measures can be used. Risk-outcome or exposure-response pairs
can be measured using relative risk ratios and attributable fractions.
Sources for such data included ILO, WHO, IHME/GBD, national data
and scientific litterature.

Results: GHS. Past successful toxicology-based measures
included the Globally Harmonised System of Classification and
Labelling of Chemicals Substances. However, evidence of success
is difficult to measure.

Global Estimates. ILO Estimates of Work-related Diseases and
Injuries were recently updated by a wide coalition of govern-
mental bodies, institutions, and EU28+. An estimated 2.4 million
deaths take place annually caused by diseases and related factors,
such as carcinogens and dusts. Hazardous substances are estimated
to cause 980,000 of those. Work-related diseases are responsible
for 123 million DALY’s (ILO Estimate) and 76 million DALY’s by
IHME/GBD2016. The difference is based on selection of covered
diseases and factors which is more restricted in GBD2016.

Asbestos related diseases An estimated annual 250,000 deaths are
caused by exposures to asbestos fibres globally, and some 87,000
in the EU. Global costs of poor work environment were estimated
to be 3.94% of the global GDP.

Conclusions: Comparative estimates of diseases, DALY’s and
costs provide a relatively reliable measure to estimate the toxi-
cology related factors.

https://doi.org/10.1016/j.toxlet.2018.06.1202

Session 27 – Integrating epidemiology and experimental toxi-
cology to understand the risk of endocrine disrupting chemical
mixtures on children

S27-01
A novel approach to chemical mixture risk
assessment - Linking data from population
based epidemiology and experimental animal
tests

C.-G. Bornehag 1,∗ , C. Gennings 2

1 Karlstad University, Dep. of Health Sciences, Karlstad, Sweden
2 Icahn School of Medicine at Mount Sinai | MSSM, Division of
Biostatistics and Department of Environmental Medicine and Public
Health, New York, US

Humans are continuously exposed to chemicals with endocrine dis-
rupting properties (EDCs). Risk management of EDCs presents a
major unmet challenge due to the fact that the available data about
adverse health effects are generated by examining one compound
at a time, while real life exposures are to mixtures of chemicals.
Herein we integrate epidemiological and experimental evidence
towards a whole mixture strategy for risk assessment. To illus-
trate, we conduct the following four steps in a case study: (1)
identification of single EDCs (“bad actors”) - measured in prena-
tal blood/urine in the SELMA study - that are associated with a
shorter anogenital distance (AGD) in baby boys; (2) definition and
construction of a “typical” mixture consisting of the “bad actors”
identified in step 1; (3) experimentally testing this mixture in an
in vivo animal model to estimate a dose response relationship
and determine a point-of-departure (i.e., reference dose) associated
with an adverse health outcome; and (4) use a statistical measure
of “sufficient similarity” to compare the experimental reference
dose (from step 3) to the exposure measured in the human pop-
ulation and generate a “similar mixture risk indicator” (SMRI). The
objective of this exercise is to generate proof of concept for the sys-
tematic integration of epidemiological and experimental evidence
with mixture risk assessment strategies. With such a whole mixture
approach, we could find a higher rate of pregnant women under risk
when comparing with more traditionally models of additivity, or
a compound-by-compound strategy, which is the most used risk
assessment procedure.

https://doi.org/10.1016/j.toxlet.2018.06.1203

S27-02
Importance of fetal thyroid hormone signaling
to brain development: a window of
vulnerability for endocrine disruption

B.A. Demeneix ∗ , J.-B. Fini, M. Leemans, B. Mughal, S. LeMevel,
P. Spirhanslova

CNRS/MNHN, AVIV, Paris, France

Most brain developmental processes require thyroid hormone,
from proliferation and neuronal versus glial fate determination to

https://doi.org/10.1016/j.toxlet.2018.06.1201
https://doi.org/10.1016/j.toxlet.2018.06.1202
https://doi.org/10.1016/j.toxlet.2018.06.1203


ARTICLE IN PRESSG Model

42 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

differentiation and myelination. The last decades have witnessed
major insights into the molecular controls determining thyroid
hormone availability and action in the brain, notably the require-
ment for thyroid hormone from the earliest stages of neurogenesis,
the first trimester of pregnancy in humans. Recent data show that
maternal levels of thyroid hormone during early pregnancy to be
associated with IQ and brain structure in offspring [1]. Another
revolution in thinking comes from the importance of tight con-
trol of tissue and cell levels of thyroid hormone by deiodinases and
membrane located thyroid hormone transporters (THTs).

In parallel to increased understanding of mechanisms con-
trolling tissue availability of thyroid hormone levels within strict
physiological limits, other research has shown how vulnerable each
level of thyroid hormone signalling and action is to endocrine dis-
rupting chemicals (EDCs). Both experimental and epidemiological
data suggest that interference with thyroid hormone orchestration
of human brain development could be implicated in the increased
incidence of neurodevelopmental disease, such as autism spectrum
disorder, as well as in significant IQ loss at a population level [2]. Our
own data show that EDCs mixtures present in human amniotic fluid
interfere with thyroid hormone signalling and brain development
in Xenopus embryos [3]. Our more recent results carried out in col-
laboration with the EDC-mix risk consortium (http://edcmixrisk.
ki.se) allow epidemiological data on prenatal exposure to different
mixtures be tested on multiple models (Zebrafish, Xenopus, human
brain organoids). Results underline how exposure to EDCs, includ-
ing thyroid disrupting chemicals, during this prenatal period can
be associated with low birth weight and language delay.
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S27-03
Effects of EDC-mixtures associated with low
birth weight in children on adipogenesis,
transcriptional, and epigenetic changes in
mesenchymal stem cells

G. Borbéy , E. Engdahl, T. Herrmann, J. Rüegg ∗

Karolinska Institutet/Swetox, Unit of Toxicology Sciences, Södertälje,
Sweden

Exposure to endocrine disrupting chemicals (EDCs) has been
shown to induce metabolic changes and to associate with adverse
effects on metabolism and growth. In the SELMA cohort, exposure
to a mixture of EDCs (MIX G) in pregnancy week 10 was asso-
ciated with low birth weight, a risk factor for later life diseases
such cardio-vascular disease or metabolic syndrome. To inves-
tigate mechanisms underlying this association, we used human
mesenchymal stem cells (MSCs). MSCs give rise to adipocytes,
osteoblasts, and chondrocytes, following specific, mutually exclu-
sive pathways. Adipocyte differentiation occurs early during fat
tissue development (gestational week 14 and 16). Thereafter,
the fat cells number is defined, although in obesity, further MSC
differentiation into adipocytes can occur.

To investigate the cellular and molecular fate of MSCs in
response to MIX G, we assessed lipid droplet accumulation, a
measurement for adipogenetic differentiation, after chronic MIX

G exposure (3 weeks) using high content imaging. Additionally,
transcriptional changes were analysed after short term (48 hours)
treatment using RNA-seq. mRNA expression changes were fol-
lowed up by epigenetic analyses investigating DNA methylation
and histone modification patterns.

We found that MIX G increases adipogenesis of human MSCs
already at concentrations measured in the SELMA mothers. At
the molecular level, genes involved in osteocyte differentiation
were down-regulated by MIX G whereas the epigenetic regula-
tor EZH2 was up-regulated. EZH2 is responsible for methylation of
H3K27 (lysine 27 at histone 3), a repressive histone mark. Interest-
ingly, H3K27 trimethylation was increased at regulatory regions of
the osteocyte inducers. No changes in DNA methylation at these
regions were found. Our findings suggest that MIX G increases
the potential of MSCs to differentiate towards the adipocytic fate
by suppressing osteocyte differentiation factors by an epigenetic
mechanism. These effects on gene function might permantently
predispose MSCs to differentiate into adipocytes more easily and
thus increase the risk for metabolic disorders later in life.

https://doi.org/10.1016/j.toxlet.2018.06.1205

S27-04
From cohorts to organoids: endocrine
disruption in human neurodevelopmental
models

N. Caporale 1,2 , P. Germain 1,2, C. Cheroni 1,2, N. Even Chorev 1,
A. Lopez Tobon 1,2, S. Trattaro 1,2, G. D’Agostino 1,2, R.B. Bressan 3,
S. Pollard 3, G. Testa 1,2,∗

1 European Institute of Oncology, Dept of Experimental Oncology,
Milan, Italy
2 University of Milan, Dept of Oncology and Hematology, Milan, Italy
3 University of Edinburgh, MRC Centre for Regenerative Medicine,
Edinburgh, United Kingdom

Endocrine disrupting chemicals (EDC) are compounds interfering
with the human hormonal system. A growing body of evidence
correlates early life EDC exposure with human disorders, but
the triggered molecular events remain unknown. Moving for-
ward from previous studies focused on single compounds, we
interrogated the impact of the real-life EDC mixtures (MixN and
MixG) associated with neurological and metabolic adverse out-
comes. Both mixtures and adverse outcomes were derived from
epidemiological investigations on the Selma pregnancy cohort. We
integrated the epidemiological results with in vitro exploration
of the molecular effects of EDC exposure on gene expression in
human cellular systems. We used two complementary models that
transcriptionally resemble the early stages of brain development:
i) human fetal primary neural stem cells, and ii) 3-dimensional
cortical brain organoids differentiated from human pluripotent
stem cells. These models were treated for 48 hours with sev-
eral EDC mixtures dilutions, including the actual environmental
concentration. Transcriptome analysis highlighted differentially
expressed genes (DEGs) that follow non-monotonic dose response
patterns, reflecting the complexity of mixture effects. DEGs were
significantly enriched for autism spectrum disorders associated
genes only for MixN exposures, experimentally confirming the
epidemiological inference on the specificity of the 2 mixtures.
Functional enrichment analysis of the DEGs highlighted chro-
matin modulation among gene ontology categories. We showed
that EDC mixture exposure affects gene networks linked to neu-
rodevelopmental disorders and have a significant impact on key
regulators of early brain development. These findings should guide
a change in EU policies aimed at reducing the health risks of EDC

http://edcmixrisk.ki.se/
http://edcmixrisk.ki.se/
http://edcmixrisk.ki.se/
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mixture exposure and reaching the strategic goal of a non-toxic
environment.

The complete list of authors exceeds the one page limit and can thus
be provided in a separate file upon request.

https://doi.org/10.1016/j.toxlet.2018.06.1206

Session 28 – Cytokine release assays: future directions
supported by ILSI Health and Environmental Sciences Institute (HESI)

S28-01
Utility of humanized mouse models for
assessment of cytokine release induced by
biotherapeutics

L.M. O’Donnell

Pfizer, Inc., DSRD/Immunotoxicology Center of Emphasis, Groton, US

The administration of TGN1412, a CD28 superagonist monoclonal
antibody, to healthy human volunteers in a clinical trial in 2006
resulted in severe cytokine release and catastrophic organ fail-
ure. Although in vitro assays had been conducted, they failed to
predict the clinical outcome. Consequently, a variety of in vitro
assays were developed to assess the potential for cytokine produc-
tion induced by biotherapeutic drugs. These assays include solution
phase assays, using whole blood or peripheral blood mononuclear
cells (PBMCs) incubated with biotherapeutics in suspension; solid
phase assays, where biotherapeutics are immobilized by either
dry- or wet-coating onto plates prior to incubation with PBMCs;
and the RESTORE assay, where PBMCs are pre-cultured at high
density prior to incubating with biotherapeutics in solution. Fur-
ther, some labs use 3-D model systems to mimic lymphoid tissues.
However, in vitro assays are limited in that they may not include
resident tissue cells or other critical aspects of the immune sys-
tem which may contribute to the stimulation of cytokine release
in vivo. Therefore, there have been efforts by several organi-
zations to evaluate the utility of humanized mouse models for
prediction of in vivo cytokine release. This talk will present an
overview of several established humanized mouse models and their
suitability for evaluation of cytokine release following adminis-
tration of biotherapeutic drugs. Parameters indicating successful
engraftment, characterization of cell populations, and clinical signs
following drug administration will also be presented. Humanized
mice show promise for the evaluation of cytokine production to
biotherapeutics for safety assessments; however, their limitations
suggest that, at this time, they offer no benefits over in vitro
models.

https://doi.org/10.1016/j.toxlet.2018.06.1207

S28-02
Reference reagents for a better harmonisation
of Cytokine Release Assays

S. Vessillier

NIBSC, Biotherapeutics, South Mimms, UK

Manipulation of the human immune system using immunomod-
ulatory biologics such as monoclonal antibodies (mAb) carries an
inherent risk of unanticipated interactions and adverse responses.
The most dramatic example occurred in 2006, during the first-
in-man phase-I clinical trial of the anti-CD28 superagonist (SA)
TGN1412. TGN1412 caused severe infusion reactions in all six
healthy volunteers characterized by the rapid systemic release of
high levels of pro-inflammatory cytokines, later called “cytokine
storm”. The failure of pre-clinical safety testing applied to TGN1412

demonstrated the need for a new generation of immunotoxicity
assays that are both sensitive and predictive of clinical outcome in
man. Ten years later a range of different in vitro cytokine release
assays (CRA) with reported predictivity for TGN1412 are in use.
Consequently, there is a lack of consistency across organisations
performing CRA with regard to cell composition (PBMC, whole
blood (WB), endothelial cells), cell density, the antibody provi-
sion (immobilised/in solid phase or in aqueous phase) and cytokine
readout used.

To allow a better harmonisation of existing immunotoxicology
assays in preclinical studies, NIBSC produced a panel of lyophilised
recombinant antibodies known to induce mild, moderate and
severe cytokine release. This panel includes anti-CD52, anti-CD3
and anti-CD28SA with identical variable region (ie specificity)
to their respective therapeutic antibody (Campath-1H, OKT-3
muromonab and TGN1412) along with isotype matched non-
specific human IgG1, IgG2 and IgG4 controls. The relative ability of
each antibody to stimulate cytokine release in vitro was evaluated
in an international collaborative study involving ten laboratories
(HESI members). Bio-statistical analysis of the data returned by the
participants will be presented.

The panel of reference reagents will be on NIBSC catalogue by
the end of 2018.

https://doi.org/10.1016/j.toxlet.2018.06.1208

S28-03
Translational Aspects of the Cytokine Release
Assay

D. Weinstock

Janssen R&D, Janssen Biotherapeutics, Spring House, US

Candidate immunomodulatory biotherapeutic protein molecules
that interact with cell surface receptors or other membrane pro-
teins are routinely evaluated as part of preclinical safety assessment
for their potential to mediate cellular activation, including prolif-
eration and cytokine release. It is generally accepted that cytokine
release assays have value for hazard identification. Multiple in vitro
assay formats for assessment of cytokine release are currently
in use. Assay format can dramatically impact results. Knowl-
edge of inherent bias of different assay formats is important
to avoid misinterpretation of cytokine profile or concentration
dependent responses. Assay formats may include different cell
compositions (whole blood, diluted whole blood, PBMC, purified
T cells), number of donors, cell density, incubation time, bio-
therapeutic disposition (immobilized on various surfaces or in
aqueous phase), biotherapeutic concentration (single, multiple)
and cytokine readout format. Additional factors that may influ-
ence outcome include mechanism of action, presence of target
either soluble or membrane bound, appropriate controls and phys-
ical/chemical characteristics of the molecule. Knowledge of the
biology of the candidate molecule, its intended target and the
specifics of the question being asked are essential for assay format
selection and appropriate data interpretation.

https://doi.org/10.1016/j.toxlet.2018.06.1209

https://doi.org/10.1016/j.toxlet.2018.06.1206
https://doi.org/10.1016/j.toxlet.2018.06.1207
https://doi.org/10.1016/j.toxlet.2018.06.1208
https://doi.org/10.1016/j.toxlet.2018.06.1209


ARTICLE IN PRESSG Model

44 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

S28-04
Regulatory perspective of CRA with respect to
co-administered biotherapeutics

G. Reichmann

Paul-Ehrlich-Institut, Department Immunology, Langen, Germany

Cytokine release syndrome (CRS) is a potentially adverse clini-
cal event where pro-inflammatory cytokines are released from
immune cells. The clinical signs can range from chills, nausea and
fever to potentially fatal hypotension and tachycardia. Cytokine
release syndrome has been observed with treatments that activate
T cells such as the anti-CD3 antibody Orthoclone (OKT-3), bispe-
cific constructs targeting CD3 and tumour antigens such as Blincyto
or T cell-stimulatory cytokines such as interleukin-2 (Proleukin).
Administration in a first-in-human trial of the super-agonistic anti-
CD28 antibody TGN1412 had caused massive cytokine storm and
multi-organ failure in healthy volunteers.

Since this fatal event regulatory agencies expect that the poten-
tial of novel antibodies / biopharmaceuticals to induce cytokine
release is investigated as part of the non-clinical safety test-
ing especially if the target is known to be involved in immune
activation or to block immune inhibitory signals such as check-
point inhibitors. Results from in cytokine release assays are taken
into account when determining a safe starting dose for first-
in-human trials, dose escalation steps and monitoring of trial
subjects.

More recently, clinical trials especially in the immune oncology
area, increasingly explore the efficacy of co-administered biophar-
maceuticals. In the present talk, regulatory expectations to evaluate
the cytokine-inducing potential of combined biotherapeutics will
be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.1210
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OP01-01
Exposure to environmental levels of polycyclic
aromatic hydrocarbons leads to epigenetic
modulation in a rat model

R.C. Duca 1,∗ , N. Grova 2, M. Gosh 1, P.H.M. Hoet 1,
J.A.J. Vanoirbeek 1, B.M.R. Appenzeller 2, L. Godderis 1,3

1 KU Leuven, Environment and Health, Leuven, Belgium
2 Luxembourg Institute of Health, Human Biomonitoring Research
Unit, Esch-sur-Alzette, Luxembourg
3 IDEWE, External Service for Prevention and Protection at Work,
Heverlee, Belgium

Besides genetic mechanisms, rapidly growing evidences have
linked environmental pollutants (e.g. polycyclic aromatic hydro-
carbons, PAH), with epigenetic variations, including changes in
DNA methylation among others. To date, studies concerning the
effect of PAH exposure on the global DNA methylation are limited
and contradictory results have been observed.

In this context, the present study aimed to evaluate the epige-
netic alterations induced by multi-residue exposure to PAH. Female
Long Evans rats were exposed to a mixture of 16 US-EPA priority
PAH, 3 times per week over a 90-day period. The livers were used
to assess the (hydroxy)methylation status of genomic DNA/RNA,
together with reduced and oxidized forms of glutathione.

Our results showed an increase of GSH after chronical exposure
to relatively low amounts of 16 US-EPA PAHs due to a stimulation
of phase II detoxification mechanism through GSH conjugation in
response to unbalance redox environment. This increased need of
GSH leads to global DNA and RNA hypomethylation. In contrast,
our results indicate an increased level of DNA methylation for the
highest exposure levels. This can be explained by the positive asso-
ciation between global DNA methylation levels and the formed
PAH-DNA adducts.

Thus, we further hypothesize that depending on the levels of
exposure, PAH toxic mechanism is changing from depletion of
global DNA/RNA methylation at lower levels to the formation of
DNA adducts at higher levels. This hormetic response may give
critical insights into the PAH epigenetic carcinogenicity.

https://doi.org/10.1016/j.toxlet.2018.06.047

OP01-02
Mesotheliomagenic macrophages proliferate
and are immunosuppressive in CNT-induced
peritoneal mesothelioma in rat

M. Orsi ∗ , H. Kiyambu, C. Al Hatem, D. Brusa, M. Palmai-Pallag,
D. Lison, F. Huaux

Université Catholique de Louvain, Louvain centre for Toxicology and
Applied Pharmacology (LTAP), Institut de Recherche Experimentale et
Clinique (IREC), Bruxelles, Belgium

Malignant mesothelioma (MM) is a cancer affecting serous mem-
brane of pleural and peritoneal cavities caused by carcinogenic
fibers such as asbestos or carbon nanotubes (CNT). MM is still highly
refractory to existing therapies. We have recently shown that,
beside neutrophilic inflammation, immunosuppressive monocytes
preventing efficient anti-tumor immune responses are rapidly
recruited and involved in the development of MM.

Our current experimental study aims to characterize
macrophages present in the peritoneal cavity after mesothe-
liomagenic (CNT-7 and asbestos) and not mesotheliomagenic
(CNT-T) – fiber injection. In particular, our goals are to investigate
the origins of peritoneal macrophages and their possible role in the
establishment of an early immunosuppressive microenvironment,
which determines tumor escape.

We used a Wistar rat peritoneum model which allows directly
exposing mesothelial cells to asbestos or CNT, and easily sampling
the mesothelial cavity for monitoring macrophage responses dur-
ing the carcinogenic process.

Our data indicate that macrophages (CD11b/chi and His48int)
from CNT-7 (not CNT-T) -treated rats inhibit T lymphocyte prolif-
eration in vitro and contribute to immunosuppressive environment
established before tumor establishment. Furthermore, we demon-
strate that mesotheliomagenic peritoneal macrophages possess the
ability of self-renewal and proliferation compared to macrophages
collected from saline- or CNT-T-treated animals.

Altogether, our data demonstrate that carcinogenic fibers
possess the intrinsic capacity to induce a preferential, rapid and
sustained accumulation of immunosuppressive and proliferating
macrophages before mesothelioma is established.

https://doi.org/10.1016/j.toxlet.2018.06.048
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OP01-03
Glial-neuronal signaling mechanisms
underlying the neurotoxic effects of manganese

K.A. Popichak ∗ , M.F. Afzali, K.S. Kirkley, R.B. Tjalkens

Colorado State University, Fort Collins, US

Overexposure to manganese (Mn) causes inflammation and
neuronal injury in the cortex and basal ganglia, resulting in
neurotoxicity. The mechanisms underlying neuronal death from
exposure to Mn are not well understood but involve inflammatory
activation of microglia and astrocytes. Expression of neurotoxic
inflammatory genes in glia is highly regulated through the NF-kB
signaling pathway but the key factors modulating toxic glial-glial
and glial-neuronal signaling by Mn are not known. We examined
the role of NF-kB in Mn-induced neurotoxicity by exposing purified
cultures of microglia, astrocytes or mixed glia to varying concentra-
tions of Mn and then incubated neurons with the glial conditioned
media (GCM) of each cell type. We hypothesized that mixed glial
cultures exposed to Mn (0–100 mM) would enhance glial activation
and neuronal death compared to microglia, wild-type astrocytes or
IKK-knockout astrocytes alone or in mixed cultures. Treatment of
primary cultures of pure astrocytes, microglia or mixed glia with
0–100 mM Mn for up to 24 h resulted in enhanced mRNA expression
for inducible nitric oxide synthase (NOS2) and multiple inflam-
matory cytokines and chemokines, including TNF, CCL2 and IL-6,
with the highest expression levels detected in mixed glial cultures.
Gene deletion of the NF-�B activator, IKK2, in knockout astrocytes
dramatically reduced cytokine release in Mn-treated mixed glial
cultures. Neuronal viability and apoptosis was measured by flow
cytometry and live cell imaging following GCM exposure from
purified cultures of glia and from mixed glia containing either wild-
type or IKK2 knockout astrocytes. GCM from Mn-treated mixed
glial cultures induced greater neuronal death than either cell type
alone. Mn-treated GCM from IKK2 knockout mixed glia cultures
significantly decreased expression of inflammatory cytokines and
neuronal death compared to wildtype mixed glia cultures or GCM
from purified astrocytes or microglia. This suggests that NF-kB
activation in astrocytes is an important regulator of cell–cell com-
munication between glia that mediates the injurious effects of Mn
to neurons.

This work was supported by grants from the National Institutes
of Health (ES021656, ES021656-S1, ES026860 and ES024183).

https://doi.org/10.1016/j.toxlet.2018.06.049

OP01-04
Investigation of drug-induced cholestasis in
HepaRG cells using untargeted LC-MS
metabolomics

M. Cuykx 1,4,∗ , C. Beirnaert 2,3, R.M. Rodrigues 4, K. Laukens 2,3,
T. Vanhaecke 4, A. Covaci 1

1 University of Antwerp, Toxicological Centre, Wilrijk, Belgium
2 University of Antwerp, Department of Mathematics & Computer
Science, Antwerpen, Belgium
3 University of Antwerp, Biomedical Informatics Network Antwerpen,
Antwerpen, Belgium
4 Vrije Universiteit Brussel, Research group In Vitro Toxicology and
Dermato-Cosmetology, Jette, Belgium

Introduction: Despite pre-clinical toxicity screening, hepatotoxi-
city remains a major challenge in drug development. Mechanistic
data, including mode of actions (MOAs), offer important insights to
improve toxicity testing. In this context, metabolomics, the study of
small endogenous molecules, is a powerful tool as it gives a holistic

overview of the events in cellular metabolism. Here, metabolomics
is applied to identify in vitro markers of toxicity for cholestasis,
which is a severe type of drug-induced liver injury (DILI).

Experimental outline: HepaRG cell cultures were exposed to
the cholestatic reference toxicant bosentan at a sub-cytotoxic
(IC10) and a 1/10th lower dose for an acute (24 h) and sub-chronic
(72 h) period. Untargeted metabolomics was performed on the
polar and non-polar metabolites using liquid chromatography and
accurate mass spectrometry. The data were analysed using multi-
variate analyses to select markers of toxicity.

Results: The intracellular metabolome of cells exposed to IC10
concentrations of bosentan was different from the negative con-
trol group. Exposure to the cholestatic agent bosentan induced
alterations in the carnitine levels and phospholipid composition.
Markers of toxicity in the polar fraction included disruption of the
basic (amine) metabolic pathways and upregulation of phosphory-
lated products. Other markers included pantothenic acid, creatine
and nucleotide alterations. Exposure to the lower dose could not
be discriminated from the negative control group. Comparison of
the identified in vitro markers of cholestatic toxicity identified to
those found in a previous study using the steatotic agent valproic
acid revealed clear distinct pattern differences in many metabolite
classes.

Conclusion: Cholestasis caused by drug toxicity can be investi-
gated in vitro through the combination of HepaRG cell cultures and
LC-MS metabolomics. Exposure to IC10 concentrations of bosentan
invoked clear responses and several potential markers of toxicity
for cholestasis could be identified, that were different from previ-
ously established markers for steatosis. These different fingerprints
suggest that metabolomics could be used to discriminate between
different types and MOAs of DILI.

https://doi.org/10.1016/j.toxlet.2018.06.050

OP01-05
Steatotic effects of propiconazole and
tebuconazole in human liver cells are
PXR-mediated

C. Knebel 1 , D.H.D. Nguyen 2, A. Lampen 2, A. Braeuning 2,
P. Marx-Stoelting 1,∗

1 German Federal Institute for Risk Assessment (BfR), Experimental
Toxicology, Berlin, Germany
2 German Federal Institute for Risk Assessment (bfr), Food Safety,
Berlin, Germany

Triazoles are widely used fungicides which show liver toxicity in
vivo. While enzyme induction and associated hepatocellular hyper-
trophy are the most prominent findings, some of the triazoles have
also been reported to cause hepatocellular vacuolization indicative
of steatosis.

The aim of our study was to represent the steatosis adverse
outcome pathway (AOP) by in vitro assays and to elucidate the
molecular mechanism of triazole-mediated steatosis. Therefore, we
used the two triazoles propiconazole (Pi) and tebuconazole (Te) as
test substances. We analyzed the ability of Pi and Te to activate
nuclear receptors described as molecular initiators in the AOP for
steatosis in HepG2 cells. To investigate the expression of marker
genes associated with the steatosis AOP, we performed RT-PCR in
HepaRG cells. The triglyceride accumulation which is described as
key event in the steatosis AOP was measured by AdipoRed stain-
ing. The JC-1-Assay was performed to analyze the mitochondrial
disruption, another key event.

Our results indicate that Pi and Te interact with human PXR, AHR
and CAR. Both substances induce the expression of steatosis-related
genes. Furthermore, treatment with Pi and Te leads to triglyceride

https://doi.org/10.1016/j.toxlet.2018.06.049
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accumulation and mitochondrial disruption. This triglyceride accu-
mulation was not visible in PXR knockout HepaRG cells.

All in all, our findings demonstrate that the steatosis AOP can
be covered by a battery of in vitro assays, measured in cell lines
of human origin, in order to facilitate analyses of the molecular
mode(s) of action of test compounds. PXR activation seems to play
an important role for triazole-mediated steatotic effects.

https://doi.org/10.1016/j.toxlet.2018.06.051
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microRNAs as signatures of structural
cardiotoxicity in human induced pluripotent
stem cell-derived cardiomyocytes
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A. Delaunois 1, A. Nogueira da Costa 2, J.-P. Valentin 1

1 UCB Biopharma sprl, Development Science, Braine l’Alleud, Belgium
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3 Stemina Biomarker Discovery, Madison, US

Cardiovascular toxicity accounts for approximately a third of safety
related drug attritions over the past 10 years. By combining hERG
inhibition data in vitro and QTc data in vivo, certain aspects of func-
tional cardiotoxicity such as QT prolongation and arrhythmia can
be accurately predicted. However, the mechanisms that underlie
structural cardiotoxicity are poorly understood and novel mech-
anistic biomarkers are required to establish in vitro systems for
detection of potential liabilities. MicroRNAs (miRNAs) are involved
in a range of diseases, including cardiovascular pathologies, and
have shown their potential to be reliable biomarkers. The aim of
this study was to identify miRNAs dysregulated in human induced
pluripotent stem cell-derived cardiomyocytes (hIPSC-CM) treated
with a panel of 39 drugs (9 – non-cardiotoxic; 9 – functional, 9
– structural, 12 – general, i.e. both functional and structural car-
diotoxic compounds). Cells were exposed to each drug for 72 h
and cell pellets were used to perform Next Generation Sequenc-
ing (NGS) of miRNAs and small RNAs (Illumina platform). The
differential expression analysis was done for all treatments com-
pared to reference-treated controls and a two-fold change cut-off
was applied to identify dysregulated miRNAs. Non-cardiotoxic
and functional cardiotoxic compound treatments were associated
with changes only in a limited number of miRNAs, whereas treat-
ment with general or structural cardiotoxicants resulted in strong
perturbations in miRNA expression. Among general and struc-
tural cardiotoxic compounds, anthracyclines and tyrosine kinase
inhibitors were shown to have the highest impact on miRNA
expression. The analysis of toxicological pathways (Ingenuity Path-
way Analysis, IPA) of the dysregulated miRNAs showed complex
molecular changes related to cardiac fibrosis, hypertrophy, inflam-
mation, dilation, and infarction. This study is the first to identify
miRNAs as toxicity signature of hIPSC-CM-treated with a large set of
drugs. miRNA panels and their gene targets could be a valuable tool
for early detection, prediction, and investigation of cardiotoxicity
in vitro.

https://doi.org/10.1016/j.toxlet.2018.06.052
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The malformation of Purkinje cells becomes the
sensing tool for developmental neurotoxicity;
its potential and limitation

S. Yoshida 1,∗ , S. Iwamoto 1, Y. Fueta 2, S. Ueno 2, Y. Sekino 3,
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1 Toyohashi University of Technology, Environmental and Life
Sciences, Toyohashi, Japan
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4 Queens College, City University of New York, New York, US
5 National Institute of Health Sciences, Kawasaki, Japan

Autism spectrum disorder (ASD), which is a severe neurodevel-
opmental disorder, is reported to show cerebral and cerebellar
abnormalities. Multiple chemicals, for example, sodium valproate
(VPA) or chlorpyrifos (CPF), have been associated with an increased
risk of ASD. In early human ASD, the cerebellar abnormality is one
of the pathological focus points.

We have established the ASD-model rat with the administra-
tion to embryonic day 16 p.o. (VPA; 600 mg/kg or CPF; 10 mg/kg of
mother weight, respectively), and observed their cerebellar devel-
opment. VPA- or CPF-treated ASD animal models showed the excess
development of Purkinje cells and excess folds in the V to VI lob-
ules of the cerebellar vermis within two weeks after birth. This
alteration is similar to human early ASD cerebellum. Conversely,
we observed little developmental abnormality of Purkinje cells in
a 2.0 mg/kg tributyltin (TBT)-administrated rat, whereas TBT is the
candidate of the neurodevelopmental toxins.

Because the VPA-administrated rat shows cerebellar alteration
even in mature, we observed the behavior of VPA-administrated
or vehicle male rats from six to eight weeks. An animal placed on
the open-field circle (80 cm in diameter) with an overhead camera,
was tested with regard to its behavior, social interaction to a same-
or bigger-size strange rat and target interaction to well-known or
new objects for 10 min. All tracking data was analyzed with Tracker
Video Analysis and Modeling Tool produced by D. Brown.

In the individual behavior, VPA animals moved faster and
longer than the vehicle. In the social interaction with a bigger-size
stranger, VPA animals showed more fear than vehicle and some-
times froze. In target behavior to a new object, VPA animals kept
away. The grooming time of VPA animals was shorter than the
vehicle. Consequently, VPA-administrated ASD model animals with
Purkinje cell alteration showed the trends of hyperactive behavior
in a reassured condition but displayed fear to a strange situation,
which behavior is similar to ADHD, not ASD. We suggest the malfor-
mation of Purkinje cells would help us clarify neurodevelopmental
toxicity of chemicals and the chemical-induced ASD-animal mod-
els could mimic human ASD behavior, however, the model animal
of mental disorder might have some limitation of human modifi-
cation.

https://doi.org/10.1016/j.toxlet.2018.06.053
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A possible risk of genome editing for human
gene therapy
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3 Japan Bioassay Research Center, Hadano, Japan
4 National Institute of Health Sciences (NIHS), Center for Biological
Safety and Research, Kawasaki, Japan

The CRISPR/Cas system allows the introduction of double strand
breaks (DSBs) at particular loci in the genome. DSBs are subse-
quently repaired through non-homologous end joining (NHEJ), or
homologous recombination (HR).

We showed that DSBs introduced into the mice zygote by the
CRISPR/Cas system are repaired by the capture of unintentional
sequences, including retrotransposons, mRNA, and CRISPR-Cas9
vector sequences. This DSB repair mechanism with the capture of
unintentional sequences were partially mediated by reverse tran-
scription (RT), because the captured sequences were apparently
derived from RT-mediated spliced mRNAs (Ono et al., 2015). It is
also confirmed in mouse NIH-3T3 cell lines.

To evaluate the frequency of the capture of unintentional
sequences associated with genome editing in human iPS cells,
we introduced mutations with CRISPR-Cas9 in 10 locus over 8
genes. 2000 single clones were isolated and the capture of unin-
tentional sequences were analyzed. 3.5% of clones were identified
with the capture of unintentional sequences, including human
short interspersed nuclear elements (SINE) and CRISPR-Cas9 vector
sequences. The findings of this study highlight a new possible risk
of genome editing for human gene therapy.
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Molecular and chemical response signatures
illustrate species differences of developing
neural progenitor cells from human, mouse and
rat
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Given the high vulnerability of the developing brain there is
concern that many compounds that have not been tested for
their developmental neurotoxic potential place our children at
risk. Therefore testing for Developmental Neurotoxicity (DNT)

represents an emerging issue in future risk assessment. One
approach to handle this issue is the use of alternative methods
that if combined in a testing battery allow reliable, fast and cheap
compound screening and prioritization for regulatory purposes.
An in vitro methods that could be part of a testing battery are
aggregated primary neural progenitor cells (NPC) growing as neu-
rospheres. This alternative method functionally mimic progenitor
cell proliferation, migration, neuronal-, and glial differentiation
and therefore represents major neurodevelopmental key events in
vitro. We performed a molecular and functional characterization,
compared chemical response signatures generated from a test set
of 17 DNT positive and 10 DNT negative compounds and conducted
a mechanistic investigation of arsenite induced DNT in developing
NPC of human and rodent. Transcriptome analyses revealed that
Gene ontology (GO) biological processes involved in organ and
tissue development and regulation of major neurodevelopmental
processes are overrepresented in developing NPC. We found that
despite conservation of GO categories across species, transcriptome
changes in the mRNA profile are highly species-specific with only
∼10% overlap of regulated genes. These differences on the molec-
ular level are supported by species- specific chemical response
signatures over an array of 8 endpoints that are highly relevant for
brain development as well as by differences in the molecular mech-
anism by which arsenite induces adverse effects in developing NPC.
Overall, this work demonstrates, (i) that a human based alternative
system should be favored to predict human toxicity, and (ii) the
importance of translational approaches that, based on the knowl-
edge of in vitro species comparisons, predict human hazard more
accurately than the conventional in vivo approaches in rodents.

https://doi.org/10.1016/j.toxlet.2018.06.055
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Nrf2 regulates the skin innate immune
response to chemical sensitizers
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The skin is the largest organ containing a variety of immune
cells that could be directly exposed to many aggressions, such
as ultraviolet radiation and chemical compounds. Nrf2 (NF-E2-
related factor-2) transcription factor regulates oxidative stress and
play an anti-inflammatory role. We previously demonstrated that
Nrf2 controls skin inflammation in contact hypersensitivity. In this
study, we highlighted Nrf2 role in the regulation of the innate
immune response to 1-chloro-2,4-dinitrobenzene (DNCB), a well-
known chemical sensitizer.

Wild-type (WT) and Nrf2 knock-out (KO) mice were treated
with 1% of DNCB or with acetone (vehicle). Using H/E histological
stain, we compared ear thickness and revealed that DNCB induced
an exacerbated skin inflammation in KO mice in comparison to WT
mice. Then, a PCR-array showed a high transcription of Nrf2 tar-
get genes in WT mice skin only, suggesting an activation of Nrf2 in
skin cells. Moreover, the skin of KO mice evidenced a chemokine-
rich microenvironment with higher levels of CCL2, CCL4 and CCL11
as compared to WT mice. Neutrophil and inflammatory mono-
cyte recruitment to the skin was two- to three-fold higher in KO
mice, 24 h after DNCB treatment. Interestingly, skin macrophages
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of KO mice displayed a downregulation of F4/80 and an impor-
tant upregulation of CD86. Furthermore, DNCB application failed to
upregulate CD36 scavenger in KO mice skin macrophages in com-
parison with WT mice. Using an in vitro macrophage model, we
showed that the absence of Nrf2 lead to a reduced phagocytosis
capacity (in particular of damaged neutrophils), associated with
a low induction of CD36. We suggest that the exacerbated skin
inflammation measured in KO mice could be related, to a decreased
phagocytic function of macrophages.

This study highlights the early implication of Nrf2 in the control
of the skin innate immunity and points out its role in the resolution
of skin inflammation, by improving CD36-dependent macrophage
clearance capacity. Thus, we are suggesting for the first time that
Nrf2 is a critical target in the chemically-induced skin inflamma-
tion.

https://doi.org/10.1016/j.toxlet.2018.06.056
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OP02-01
Novel computational tools based on
bioinformatic and chemoinformatic data to
complement zebrafish embryo teratogenicity
test

C. Quevedo 1 , M. Ipiñazar 1,∗, F.J. Planes 2, X. Cendoya 2,∗
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2 Tecnun, University of Navarra, San Sebastian, Spain

Approximately 3% of newborns present congenital anomalies and
around 5–10% of those are caused by exposure to teratogenic agents
[1]. For this reason, regulatory organisms and the industry demand
for effective methods to test the developmental toxicity of drugs,
industry chemicals or waste products [2]. The use of the zebrafish
embryotoxicity test is an attractive strategy to minimize in-vivo
assays and animal models. Overall, this assay has a good predictabil-
ity; however, the outcome is based on morphologic evaluation,
which is subjective and subtle effects might be neglected [3]. With
the increasing amount of molecular databases, the development of
in-silico tools that complement experimental assays is promising. In
this work, we present an in-silico platform that makes use of bioin-
formatics and chemoinformatics data, as well as machine learning
methods, in order to predict the teratogenic potential of a partic-
ular compound. First, we show a combined systems biology and
metabolomics study in order to identify metabolic biomarkers that
improve the sensitivity of the zebrafish embryotoxicity test. Sec-
ond, a learning algorithm using structural information is evaluated
and compared using publicly available data, analyzing their com-
plementarity with the zebrafish embryotoxicity test and metabolic
biomarkers with newly generated proprietary data.
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Currently, ∼352 pesticides are approved within the EU, but knowl-
edge concerning sensitive endocrine effects on male reproductive
health is scarce. Thus, there is an urgent need to improve non-
animal test strategies that can help in predicting pesticides for
adverse effects on male reproductive health.

The development of the male reproductive system strongly
depends on androgens produced by the fetal testes, and hence
the fetus is a target for compounds capable of interfering with
the synthesis of these hormones or by antagonizing the androgen
receptor.

Our strategy combines androgen-related activity of pesticides
on human cells with physiologically-based kinetic modeling. Here,
in vitro data pinpoints to compounds with a potential in vivo activ-
ity by identifying their critical internal exposure, while the kinetic
model simulates the maternal doses necessary to reach critical lev-
els in the fetus. We have developed a proof of principle showing
that adverse effects on anogenital distance in male offspring, which
is a unique and non-invasive marker for male reproductive health
effects in animals and humans, can be predicted for selected pesti-
cides.

We investigated this strategy on 9 pesticides and selected 3
compounds – fludioxonil, cyprodinil and dimethomorph – for in
vivo ‘validation’ of the alternative approach in rats. Predicted fetal
levels were within a factor of 2 from measured concentrations, and
all three compounds showed a shorthened AGD in vivo.

In conclusion, our approach can be used to avoid unnecessary
animal testing and focus on compounds that most likely will pro-
duce in vivo activity.

https://doi.org/10.1016/j.toxlet.2018.06.058
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In order to study the ability of in vitro data to predict the hazards
of chemicals, we analysed the in vitro data from the USA EPA
ToxCastTM program on Troglitazone and Rosiglitazone, and com-
pared it with the profile obtained from a systematic literature
review on the results of standard toxicity tests in experimental
animals and adverse findings as reported in patients. In addition,
findings with the 2 drugs as found in Pharmacovigilance databases
are summarised.

Both drugs are antidiabetic drugs: Troglitazone was in clinical
practice associated with drug-induced hepatitis, while Rosiglita-
zone was linked to increased risk of heart attack.

Activity in Tox21/Toxcast (EC50 values, normalised to the
human Cmax values), showed that Troglitazone had activity in 50%
more assays compared to Rosiglitazone.

A protocol-driven systematic literature review on liver-
associated effects of the two drugs in dogs, mice, rats, non-human
primates and humans was performed. Studies in experimental dis-
ease models or covering multiple treatments were excluded. In
total 105 abstracts for Troglitazone and 175 abstracts for Rosiglita-
zone were found. After a second screening based on full-text papers,
at least 88 papers on Rosiglitazone and 48 papers on Troglitazone
are selected for limited data extraction. A profile of adverse liver
effects of each drug as reported in these papers will be presented.
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To incorporate real-world data on frequencies of adverse effects
in patients, the WHO VigiBase pharmacovigilance database was
analysed for liver-related adverse events. Adverse effects in the
liver of each drug as extracted from this database will be summa-
rised.

Results of these 3 evidence streams will be presented and com-
pared in order to judge if the results as obtained in Tox21/Toxcast
are predictive for effects observed in experimental animals and
humans. Challenges with analysing the data using evidence-based
methods will be described.

https://doi.org/10.1016/j.toxlet.2018.06.059
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Regulatory bodies are increasingly using chemical-specific adjust-
ment factors (CSAFs) instead of default uncertainty factors (UFs)
to derive acceptable daily intakes (ADIs) and determine margins
of safety (MoSs) for substances in consumer products, pharma-
ceuticals, and the environment. Here, we demonstrate how the
use of CSAFs reduced uncertainty in chemical risk assessments in
two case studies. First, we evaluated benzoic acid and its sodium
and potassium salts, which are common preservatives in foods and
beverages and have a group ADI of 0–5 mg/kg bw-day based on
a default total UF of 100. Comparing chemical-specific pharma-
cokinetic data (e.g., areas under the curve) in rodents and humans,
we derived a CSAF of 2 for the pharmacokinetic component of the
interspecies UF (i.e., PKinterCSAF), which would increase the ADI
to 0–10 mg/kg bw-day. For the intraspecies UF, we conducted an
exploratory analysis to compare the maximum concentrations in
blood in adults and children and found that the pharmacokinetic
component of this UF could be reduced from the default value of
3.16, suggesting that the ADI could be increased further. Second,
current regulations indicate that personal care or cosmetic prod-
ucts should not contain more than 1% phenoxyethanol, a common
preservative. Physiologically based pharmacokinetic modeling and
comparison of chemical-specific data in rodents and humans both
support a PKinterCSAF of 1, resulting in a minimum MoS of 25
instead of the default 100, when extrapolating from animal data
to humans. We assessed whether this regulatory limit provides an
adequate MoS for infants and small children using several personal
care products containing phenoxyethanol. We first conducted a
hazard assessment and identified points of departure (PODs) from
animal toxicity studies. We then estimated children’s exposures
to phenoxyethanol from using several moisturizing and bathing
products. Comparing the exposure estimates to the PODs, we cal-
culated MoSs for infants and small children of 210 and 1,660 for
dermal and oral exposures, respectively, both of which are consid-
erably greater than the minimum MoS of 25. In both case studies,
the use of data-driven CSAFs reduced the uncertainty in chemical
risk assessments and enhanced confidence in the safety of these
components in real-world conditions.

https://doi.org/10.1016/j.toxlet.2018.06.060
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level for fragrance ingredients without animal
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Cosmetic regulations prohibit animal testing for the purpose of
safety assessment and recent REACH guidance states that the
local lymph node assay (LLNA) in mice shall only be conducted
if in vitro data cannot give sufficient information for classification
and labelling. However, Quantitative Risk Assessment (QRA) for fra-
grance ingredients requires a NESIL, a dose not expected to cause
induction of skin sensitization in humans. In absence of human
data, this is derived from the LLNA and it remains a key challenge
for risk assessors to derive this value from non-animal data. Here
we present a workflow using structural information, reactivity data
and KeratinoSens results to predict a LLNA result as a point of
departure. Specific additional tests (metabolic activation, comple-
mentary reactivity tests) are applied in selected cases depending on
the chemical domain of a molecule. Most importantly, in vitro and
in vivo data on close analogues are used to estimate uncertainty
of the prediction in the specific chemical domain. This approach
was applied to three molecules which were subsequently tested in
the LLNA and 22 molecules with available and sometimes discord-
ant human and LLNA data. Four additional case studies illustrate
how this approach is being applied to recently developed molecules
in the absence of animal data. We then further compared, on the
same molecules, this approach with other published data integra-
tion strategies also using additional data sources (TIMES-SS in silico
prediction, human cell line activation test). For most molecules,
similar results are obtained with different strategies, which can
be explained by partly redundant data generated by different test
strategies. We conclude that, in the data-rich domain of fragrance
ingredients, sensitization risk assessment without animal testing
is possible in most cases by these integrated approaches.

https://doi.org/10.1016/j.toxlet.2018.06.061
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Recent advances in machine-learning methods, including deep
learning, are improving computational methods used for predicting
biological endpoints. In this context, a relevant question is how far
we are in producing realistic predictions of toxicological endpoints
using in silico methods only.

With this aim, in the EU-ToxRisk project (http://www.eu-
toxrisk.eu/) we developed machine learning models from a large
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series of over 2000 drug-like compounds, providing a compre-
hensive coverage of the druggable chemical space. For all these
compounds, oxidative stress responses were measured using a
high-throughput platform making use of GFP reporter system. The
data was analyzed using a wide variety of state-of-the-art machine
learning methods and molecular descriptors, generating a collec-
tion of more than 20 models. We systematically evaluated the
predictive performance of the models, both individually and com-
bined using diverse strategies. Furthermore, the models are being
validated using a prospective approach by predicting the properties
of a new series of compounds carefully selected to represent future
query compounds, extracted from diverse regions of the chemical
space of interest.

In this work we present the results of this analysis, including
the quality of the predictions provided by the models (either as
single models or combined), the uncertainty of the predictions and
discus the usability of these approaches within an integrated risk
assessment approach.

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 681002.
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Prior evidence has suggested that persistent organic pollutants
(POPs) have adverse effects on reproductive function. The use of
combined oral contraceptives (COC) and its association with return
of fertility remains controversial. The goal of this study is to inves-
tigate the association between exposure to POPs and fecundity
measured as time-to-pregnancy (TTP) according to the use of COC.
Using the SELMA (Swedish Environmental Longitudinal Mother and
Child, Allergy and Asthma) study, we have identified 818 pregnant
women aged 17–43 years (mean 29 years) and asked how long they
tried to get pregnant and what was their most recently used con-
traception method. Concentrations of 22 POPs were analyzed in the
blood samples collected during their first prenatal visit, median 10
weeks age of gestation. To perform the subgroup analysis, we strat-
ified the sample based on two factors, namely age (with 29 years of
age as the cutoff) and use of COC as the most recent pre-pregnancy
contraception method. To study the chemicals individually, we
used the Cox regression model to estimate fecundability ratios (FRs)
and 95% CI. Weighted quantile sum (WQS) regression was done
to investigate the chemicals as a mixture where bad actors (most

influential compounds) were identified above the 7.6% threshold.
The models were adjusted for parity, regularity of menses, mater-
nal BMI and smoking status, and stratified as described above.
In women aged 29–43 years who did not use COC as their most
recent pre-pregnancy contraceptive, both the individual chemicals
as well as a mixture were associated with lower fecundity. Specif-
ically, the fourth quartiles of PCB 187, PCB 183 and PCB 180 have
34%, 31%, and 31% significantly longer TTP compared to their first
quartiles, respectively. Regarding mixtures, there is a 7% increase
in TTP for every quartile increase in the WQS index and the bad
actors identified in this mixture were PCB 187, PCB 156, PCB 183
and transnonachlor. In conclusion, serum concentrations of POPs
were significantly associated with lower fecundity, particularly in
older women not using COC as their most recent pre-pregnancy
contraceptive. Our findings suggest that pre-pregnancy use of oral
contraceptive may modify the link between POPs and fecundity. We
are currently studying whether the well-known impact of COCs on
ATP-binding cassette (ABC) transporters could play a role in this
phenomenon.

https://doi.org/10.1016/j.toxlet.2018.06.063

OP02-08
In utero exposure to cigarette smoke and NAFLD
pathways: Sex and age specific effects in the
human fetus

C. Talia 1,∗ , P. Filis 1, U. Soffientini 5, B. Lucendo-Villarin 2,
A. Douglas 1, D. Hay 2, S. Shaw 1, J.P. Iredale 4, M.J. Swortwood 3,
M.A. Huestis 3, M. Bellingham 5, L. Connolly 6, P.J.O’Shaughnessy 5,
P.A. Fowler 1

1 University of Aberdeen, Institute of Medical Sciences, Aberdeen, UK
2 University of Edinburgh, Medical Research Council Centre for
Regenerative Medicine, Edinburgh, UK
3 National Institutes of Health, Chemistry and Drug Metabolism,
Intramural Research Program National Institute on Drug Abuse,
Baltimore, US
4 University of Bristol, Senate House, Bristol, UK
5 University of Glasgow, Institute of Biodiversity, Animal Health and
Comparative Medicine, Glasgow, UK
6 Queen’s University Belfast, Institute for Global Food Security,
Belfast, UK

Background: Non-alcoholic fatty liver disease (NAFLD) is the major
cause of chronic liver disease worldwide. In utero exposure to
endocrine disruptors might cause obesogenic effects and the repro-
gramming of hepatic set points, influencing the initiation of the
disease later in life. Maternal smoking, a unique model of real
early-life exposure, is associated with increased risk of obesity
and metabolic syndrome in offspring. We investigated effects of
maternal smoking on human fetal liver pathways related to NAFLD
pathogenesis.

Methods: 80 human fetal livers from elective terminations
of normal pregnancies (12âŁ“19 gestation week), were collected
(NHS Grampian Research Ethics Committees, REC 04/S0802/21).
RNA was extracted and the Illumina NextSeq platform produced
76 bp single end RNA sequencing reads. Reads were quality con-
trolled, aligned to the human reference genome and quantified at
gene regions. Significant differentially expressed genes were iden-
tified using a generalised linear model with a three-way interaction
model between fetal sex, fetal age and maternal smoking status.
Ingenuity Pathway Analysis (IPA) related the RNAseq data to bio-
logical functions and canonical pathways.

Results: Liver inflammation and steatosis were top-ranked
pathways. In older smoke-exposed males, proinflammatory genes,
CXCL8, JUN and SOCS3, were significantly upregulated. In males,

https://doi.org/10.1016/j.toxlet.2018.06.062
https://doi.org/10.1016/j.toxlet.2018.06.063
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maternal smoking abolished the developmental decrease of PTPN1,
a critical negative regulator of insulin signalling, ACACA, a rate-
limiting fatty acid synthesis enzyme, and SREBF2, a regulator of
cholesterol synthesis. CPT1A, key gene of Î²-oxidation, increased
throughout gestation in females only. PPARÎ³ and FOXO1, tran-
scription factors regulating lipid and glucose homeostasis, were
significantly induced by smoking. These initial findings are being
followed up in a larger study, combined with liver lipid analysis.

Conclusions: In utero exposure to smoking resulted in signifi-
cant sex- and age-specific changes in multiple NAFLD-associated
pathways. In smoke-exposed fetuses, the dysregulation of lipid
homeostasis may lead to increased lipid storage and consequently
development of steatosis. In particular, male smoke-exposed
fetuses were the most affected, with proinflammatory and insulin-
resistance reprogramming.

https://doi.org/10.1016/j.toxlet.2018.06.064

OP02-09
In vitro analysis of liver steatosis using adverse
outcome pathways: A case study with
cyproconazole

C. Luckert 1 , A. Braeuning 1, G. de Sousa 3, S. Durinck 4,
E.S. Katsanou 5, P. Konstantinidou 5, K. Machera 5, E.S. Milani 6,
A. Peijnenburg 2, R. Rahmani 3, A. Rajkovic 4, A. Spyropoulou 5,
M. Stamou 6, G. Stoopen 2, S.J. Sturla 6, N. Zucchini-Pascal 3,
A. Lampen 1,∗

1 German Federal Institute for Risk Assessment, Food Safety, Berlin,
Germany
2 RIKILT Wageningen University & Research, Wageningen,
Netherlands
3 National Institute for Agricultural Research, TOXALIM Research
Centre in Food Toxicology, Toulouse, France
4 Ghent University, Ghent, Belgium
5 Benaki Phytopathological Institute, Athens, Greece
6 ETH Zurich, Department of Health Sciences and Technology, Zurich,
Switzerland

Adverse outcome pathways (AOPs) are a conceptual framework to
describe causal relationships between molecular disturbance and
adverse cellular effects. They are becoming increasingly important
to link mechanistic toxicological knowledge from in vitro studies to
in vivo data from regulatory toxicity studies. In this work, a bioassay
toolbox was developed to assess central key events in the recently
proposed AOP for chemically induced liver steatosis. The in vitro
assays aim to measure nuclear receptor activation, gene and protein
expression, lipid accumulation, mitochondrial respiration, and fat-
tening of liver cells. Evaluation of assays was performed in human
HepaRG hepatocarcinoma cells exposed to the model compound
cyproconazole, a fungicide inducing steatosis in rodents. Concern-
ing the molecular initiating event of nuclear receptor activation
in the steatosis AOP, Cyproconazole dose-dependently activated
RAR� and PXR. Moreover, cyproconazole induced accumulation
of triglycerides, provoked a disruption of mitochondrial functions
and led to the formation of fatty liver cells as described in the
AOP. However, a lacking mechanistic link between nuclear recep-
tor activation and downstream events was revealed as gene and
protein expression analysis failed to detect substantial expression
changes as proposed in the AOP. Overall, cyproconazole was suc-
cessfully shown to induce steatosis in human cells in vitro. This
demonstrates the suitability of the developed bioassay toolbox in
evaluating the perturbation of molecular and functional key events
in the AOP which might eventually result in an adverse outcome.
An AOP-driven in vitro testing strategy as demonstrated here thus
might help to further improve existing AOPs, to elucidate molec-

ular mechanisms of toxicity in human cell systems in vitro, and to
assist risk assessment for individual compounds and their mixtures.
This might be included in future toxicological testing strategies not
only for individual compounds, but also for mixtures, a strategy
which is, for example, pursued within the European project “Euro-
pean Test and Risk Assessment Strategies for Mixtures” (EuroMix;
www.euromixproject.eu).

https://doi.org/10.1016/j.toxlet.2018.06.065

OP02-10
Limitations of the T25 method for the
assessment of carcinogenic potency of
inorganic inhalation carcinogens

R. Danzeisen 1,∗ , V. Verougstraete 2

1 Cobalt Institute, Guildford, UK
2 Eurometaux, Brussels, Belgium

The “T25 method” is a tool used in chemicals classification (EU
Classification Labelling and Packaging; CLP) to decide on the
carcinogenic potency of substances. The method is based on a publi-
cation by Dybing et al. (1997), and groups carcinogens into “potency
classes” by comparison to a database with organic substances that
are known systemic carcinogens by oral exposure. Based on the
potency class a cut-off is identified that will be used for the clas-
sification of mixtures including the classified substance, or when
it is contained as an impurity. The purpose of this work was to
evaluate whether this method is suitable for inorganic inhalation
carcinogens.

All existing NTP inhalation cancer studies carried out since 1993
with inorganic substances were reviewed and the most sensitive
species was selected. The T25 metric was calculated by determi-
nation of the lifetime exposure level resulting in a 25% increase
in cancer above background cancer incidence and converting this
exposure level into the “systemic dose” following current EU CLP
guidance. The carcinogenic potency was assigned based on EU CLP
guidance.

More than 80% of inorganic inhalation carcinogens are predicted
by the T25 method to be of “high potency”, based on a very low T25
value. This includes inorganics of low toxicity, “inert dusts” and
substances with negative epidemiological cancer data.

Reasons for the extreme conservatism of T25 when applied to
inorganic inhalation carcinogens were explored, and may include
(i) the assumption of a linear dose response by the T25 method (ii)
lack of a possibility to accommodate thresholds of effect or informa-
tion at low doses/exposures (iii) application of generic conversion
factors when translating inhalation exposure concentrations into
systemic dose (iv) requirement to compare all substances and
all exposure routes against a database limited to organic sys-
temic carcinogens with ranges selected arbitrarily in order to place
the majority of the carcinogens in the original database into the
medium potency range.

In view of the important consequences on chemicals manage-
ment, a possible refinement for inorganics is proposed.

https://doi.org/10.1016/j.toxlet.2018.06.066
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OP03 – In vitro toxicology

OP03-01
Use of reconstructed human skin and IL-18 to
determine the skin sensitization potency of red
and black tattoo inks

W. Bil 1 , S.V.D. Bent 3, S. Spiekstra 1, T. Rustemeyer 3, S. Gibbs 1,2,∗

1 VU University Medical Center, Dermatology Research Lab,
Amsterdam, Netherlands
2 Academic Center for Dentistry, Oral Cell Biology, Amsterdam,
Netherlands
3 VU University Medical Center, Dermatology, Amsterdam,
Netherlands

During the last decade, the number of people with one or more tat-
toos has increased considerably within the European population.
Despit this, safety assessment is still very limited for tattoo inks.
The aim of this study was to test the skin sensitization potential
of tattoo inks in vitro using reconstructed human skin (RhS) and
the contact sensitizer biomarker IL-18. Two red and three black
tattoo inks, one additive (Hamamelis Virginiana extract) and one
irritant control (lactic acid) were tested. In order to mimic dermal
exposure, the culture medium of RhS (reconstructed epidermis on
a fibroblast populated collagen hydrogel) was supplemented with
test substances in a dose dependent manner for 24 h. Cytotoxicity
(histology, MTT assay) and sensitizing potential (IL-18 secretion,
ELISA) was then assessed. Our results showed that all inks demon-
strated cytotoxicity. Notably, one red ink and one black ink were
able to cause an inflammatory response, indicated by substantial IL-
18 secretion compared to control irritant, strongly suggesting that
these inks are sensitizers. Further HPLC analysis of the black inks,
identified considerable amounts of polycyclic aromatic hydrocar-
bons (PAHs) in one of the inks. PAHs are known for their sensitizing
and carcinogenic properties. In conclusion, it is a worrying finding
that all tattoo inks were cytotoxic and two were able to cause an
inflammatory IL-18 response, indicating that an individual will be
prone to develop allergic contact dermatitis when exposed to these
tattoo inks. This research therefore stipulates the importance of
stricter tattoo ink safety assessment in the future.

https://doi.org/10.1016/j.toxlet.2018.06.067

OP03-02
Inflammatory conditions affect the
acetaminophen-induced liver injury in a novel
3D model of human multicellular microtissues

T.D. Kok 1,∗ , J. Jiang 1, J. Kelm 2, M. van Herwijnen 1,
J.C.S. Kleinjans 1

1 Maastricht University, Toxicogenomics, Maastricht, Netherlands
2 Insphero AG, Schlieren, Switzerland

The individual sensitivity to drug induced liver damage is known
to vary strongly between subjects and the presence of inflam-
matory conditions is one of the factors known to modulate such
interindividual differences. In this study, we used a 3D multicel-
lular liver model consisting of primary human hepatocytes and
Kupffer cells, to evaluate the inflammation-associated increased
toxicity of acetaminophen (APAP) among humans. Compared to
conventional monolayer cultures, the 3D InSightTM liver microtis-
sues we used here provide cells with a microenvironment that more
closely resembles normal liver physiology in humans. To investi-
gate the mechanisms involved, we exposed these microtissues, to

0, 0.5, 5 and 10 mM APAP for 24 h with/without lipopolysaccharide
(LPS). Agilent microarrays were used to analyze the transcrip-
tomic changes. In combination with LPS, the median-dose of APAP
was already sufficient to inhibit respiratory chain and antioxidant-
related gene expressions, suggesting the induction of reactive oxy-
gen species and oxidative stress. Furthermore, the expression of Fc�
receptor (Fc�R)-coding genes was significantly down-regulated
after the median- and high-dose APAP exposures, regardless the
presence of LPS. The expression of TLR4, a receptor known to stim-
ulate the production of various pro-inflammatory cytokines, was
however constantly elevated after all LPS/APAP co-exposures. This
may result in reduced Kupffer cell phagocytosis and unbalanced
cytokine patterns. Exposure to APAP combined with LPS, compared
to the LPS only exposures, the levels of IL-8, a pro-inflammatory
cytokine, were constantly raised, but the IL-6 concentrations, a
cytokine regulating hepatic regeneration, dropped along with the
increase in APAP doses. In addition to the disrupted mitochon-
drial functions, the presence of LPS significantly increased APAP
susceptibility after exposure to the median- and high-dose.

In summary, we demonstrated that the 3D InSightTM liver
microtissue model can be used in toxicological research and
that it is particularly suitable for mechanistic exploration of
inflammation-associated drug toxicity. With this system, we
identified potential mechanisms that may explain the increased
susceptibility to APAP as a consequence of LPS-induced inflamma-
tion.

https://doi.org/10.1016/j.toxlet.2018.06.068

OP03-03
Evaluation of 3D skin model-based assays using
difficult to test substances: an EPAA
multi-sector project

A. Irizar 1,∗ , A. Mehling 2, E. Adriaens 3, S. Casati 4, B. Hubesch 5,
M. Klaric 6, I. Manou 7, B. Mueller 8, E. Roggen 9, E. van Vliet 6

1 The International Fragrance Association (IFRA), Brussels, Belgium
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3 Adriaens Consulting BVBA, Aalter, Belgium
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5 Hubesch Consult BVBA, Brussels, Belgium
6 Cosmetics Europe, Brussels, Belgium
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8 Symrise, Holzminden, Germany
9 3Rs Management and Consulting ApS, Kongens Lyngby, Denmark

The European Partnership for Alternative Approaches to Animal
Testing (EPAA) is a public-private voluntary initiative that pro-
motes the replacement, reduction and refinement (3Rs) of animal
use for meeting regulatory requirements through better and more
predictive science. Its membership includes 8 industry sectors,
e.g. chemicals, cosmetics, fragrances, and pharmaceuticals, as well
as members from European Commission services, including EURL
ECVAM. The EPAA works to enhance the development of alterna-
tive approaches and more importantly their regulatory acceptance
and harmonization at national, European and international levels.

Whilst there are validated OECD accepted in vitro methods avail-
able for assessing the skin sensitisation potential of substances,
these methods have limitations regarding their applicability. For
example, they may not always be suitable for testing substances
or mixtures with low water solubility (highly hydrophobic sub-
stances) and for predicting sensitisation potency. To overcome
these limitations, assays based on 3D skin tissue models are being
developed to detect sensitisers and predict their potency. These
3D skin models better mimic the skin structure and function and

https://doi.org/10.1016/j.toxlet.2018.06.067
https://doi.org/10.1016/j.toxlet.2018.06.068
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offer advantages as test substances can be applied directly onto the
model skin. Moreover they cover multiple mechanistic key events
of the adverse outcome pathway (AOP) for skin sensitisation.

The EPAA project on “difficult to test substances” was designed
in order to evaluate the most advanced, commercially available,
3D skin model-based assays, namely the SenCeeTox, SENS-IS and
RHE IL-18 assays. The project was run in collaboration with Cos-
metics Europe and the RHE IL-18 consortium. Evaluation of the
assays was conducted using a blinded set of 12 substances selected
based on observed difficulties when using the currently available
OECD test guidelines and with relevance to industry. Firm animal
and/or human evidence of their skin sensitisation potential and
potency was available to assess the reliability of the assays. Results
showed that the 3D skin model-based assays were able to assess all
substances. Assay predictions were encouraging for hazard identi-
fication, but more work is needed for the reliable assessment of
sensitisation potency.

https://doi.org/10.1016/j.toxlet.2018.06.069

OP03-04
Liver-chips and liver spheroids as models to
determine hepatic safety and metabolism

A.J. Foster 1,∗ , B. Chouhan 2, S. Regan 1, H. Rollison 1,
S. Amberntsson 2, L. Andersson 2, A. Srivastava 1, K.-J. Jang 3,
D. Petropolis 3, K. Kodella 3, J. Rubins 3, M. Darnell 2, D. Williams 1,
G.A. Hamilton 2, L. Ewart 1, P. Morgan 1

1 AstraZeneca, Drug Safety & Metabolism, IMED Biotech Unit,
Cambridge, UK
2 AstraZeneca, Sweden
3 Emulate, Inc., Boston, US

Drug-induced liver injury continues to be a major focus in candidate
selection and clinical development in consideration of therapeu-
tic index. Accordingly more predictive and translational model
systems are required to assess human hepatotoxicity risk. Organs-
on-Chip technology recreate dynamic microenvironments (flow)
and represent promising models to assess mechanistic hepato-
toxicity, due to enhanced liver phenotype, metabolic activity and
stability in culture not attainable with conventional 2D models.
Increased sensitivity of these models to drug-induced hepatotox-
icity has been demonstrated vs 2D static cultures. However, a
comprehensive evaluation of liver spheroid co-cultures and micro-
engineered Organ-Chip models has not been undertaken. Here we
report on evaluation of primary human hepatocyte spheroids and
the Liver-Chip using two hepatotoxins with different mechanisms
of hepatotoxicity, acetaminophen (APAP) and fialuridine (FIAU).

We assessed the sensitivity of the models across a range of
cytotoxicity biomarkers (ATP, albumin (ALB), �GST, miR-122) and
their metabolic functionality by incorporating quantitation of APAP
and FIAU metabolites. Comparisons were made at equivalent time
points and dose and were expressed as EC50, absolute or % con-
trol. Dose dependent increases in �GST and miR-122, as well as
decreases in ALB, were observed in both the Liver-Chip and the
hepatic spheroid model. APAP metabolite formation was main-
tained until day 10 and dose dependent increases were observed
in both models at times/doses where no cytotoxicity was detected.
For FIAU, the most sensitive endpoints were ALB in the Liver-Chip
and miR-122 in the spheroids respectively, both on day 7.

Overall, both models demonstrated integrated toxicity and
metabolism with released toxicity biomarkers observed earlier in
the Liver-Chip.

https://doi.org/10.1016/j.toxlet.2018.06.070

OP03-05
Successful proof of concept of a micronucleus
genotoxicity assay performed on reconstructed
epidermis exhibiting intrinsic metabolic
activity

R. Barcham 1 , N. Orsini 2, E. Andres 1, A. Hundt 1, A.-P. Luzy 2,
C. Dini 1,∗
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2 Nestlé Skin Health, Preclinical group− Early Development
Department, Sophia-Antipolis, France

We investigated the commercially available Episkin LMTM recon-
structed epidermis test system as a potential 3D model for human
genotoxicity assessment by cytokinesis-block micronucleus assay
to mitigate limitations of the currently accepted micronucleus test.

We established appropriate culture conditions for cytokinesis-
block micronucleus assay in maximizing the frequency of
binucleated cells by choice of culture medium and calibration of
the system exposure to the cytokinesis inhibitor Cytochalasin B,
without affecting the basal frequency of micronuclei in the model.
We confirmed that the application of the classic solvents had no
significant effect on this basal level of micronuclei.

We determined the performance of cytokinesis-block micro-
nucleus assay in Episkin LMTM reconstructed epidermis to predict
in vivo genotoxins by testing the genotoxicity potential of 17 well
known in vivo genotoxic, progenotoxic and non-genotoxic refer-
ence chemicals over a 48 h and 72 h exposure period.

We found that cytokinesis-block micronucleus assays in
EpiskinTM reconstructed epidermis following the 48 h-topical reg-
imen had a specificity of 60–75% and a sensitivity of 83–85%,
resulting in an overall accuracy of 76–82% for genotoxicity assess-
ment in tissues depending on the assessment of the reference
chemicals with equivocal genotoxic profiles in the literature.

The positive micronucleus test results obtained without addi-
tion of any exogenous metabolic activation system confirmed the
ability of Episkin LMTM reconstructed epidermis to intrinsically
bioactivate progenotoxic chemicals. The evidence showed that the
72-h exposure protocol significantly improved the detection of
progenotoxins.

Taken together, our data demonstrated that the Episkin LMTM
reconstructed epidermis system is a relevant in vitro tool in the
study of genetic toxicology.

https://doi.org/10.1016/j.toxlet.2018.06.071

OP03-06
A novel in-vitro human skin explant test to
predict adverse immune reactions to biologics
and aggregated monoclonal antibodies

L. Bibby 1,∗ , A. Ribeiro 1, S. Ahmed 2, A.M. Dickinson 1,2

1 Newcastle University, Medical School, Academic Haematology,
Newcastle upon Tyne, UK
2 Alcyomics Limited, Bulman House, Newcastle upon Tyne, UK

To aid preclinical prediction of adverse effects of a hypersensitivity
(HS) nature to biological drugs, we have developed a human in-
vitro skin explant test, which uses human blood and non-artificial
autologous skin that assesses histopathological damage indica-
tive of adverse immune activation. This can be used as a valuable
preclinical tool for safety assessment of biologics and aggregated
monoclonal antibodies.

We tested 17 commercial biologics in the skin explant
assay (n = 10) and correlated the results with clinical occurrence of
adverse reactions. Results showed a statistically significant positive

https://doi.org/10.1016/j.toxlet.2018.06.069
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correlation between adverse clinical occurrences and a positive
response in the skin explant test (r = 0.815, p < 0.0001). Drugs
known to cause adverse HS reactions e.g. OKT3

®
and Campath

®

gave a positive Grade II or above response in 90% and 70% of
individuals, respectively. An analogue of the TGN drug, TGN1412,
gave an extreme positive response in 90% of individuals. Drugs
which have been defined as clinically negative for HS reactions,
such as Enbrel

®
and Cimzia

®
, showed a negative response (<40%

positive skin explants), with 10% and 30% of individuals reacting
with the drug, respectively. We also assessed adverse reactions
to biosimilars (Remsima

®
and Inflectra

®
) against the reference

product (Remicade
®

). Overall, a negative response was observed
for all three biologics in the skin explant test. Interestingly, drug
responses varied donor to donor, indicating that that test may be
able to predict the best tolerated therapy for a patient. Aggregation
of monoclonal antibodies (mAbs) was induced by temperature
stress and characterised by analytical ultra-centrifugation and
transmission electron microscopy, revealing 5% aggregation of
total protein content. Results showed aggregated Herceptin

®

and Rituximab
®

caused mild atopic damage, determined from
observed histopathological damage and positive for HSP70 in
the skin. Our results showed exposure to temperature can cause
conformational changes in the mAb structure that, ultimately, can
induce adverse immune reactions detected by the skin explant
assays.

Our novel human in-vitro assay showed that it was highly sen-
sitive for determining adverse immune reactions to biologics and
aggregated mAbs and is a promising tool for the prediction of
immunotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.072

P03-07
In vitro “skin patch tests” for the detection of
sensitization, allergy and relative potency
assessment

S. Ahmed 1,∗ , A. Tulah 1, L. Bibby 1,2, A.M. Dickinson 1,2

1 Alcyomics Ltd, Newcastle upon Tyne, UK
2 Newcastle University, Institute of Cellular Medicine, Newcastle
upon Tyne, UK

Sensitization to chemicals and cosmetics resulting in allergy is an
important health issue. Until recently, the most favorable method
to test compounds for sensitization was the mouse local lymph
node assay (LLNA). Changes in EU legislation (2013) have resulted in
banning the use of animal testing for cosmetics. A number of alter-
native predictive test methods for the identification of compounds
with the potential to cause skin sensitization have been developed,
however, one single alternative test cannot replicate an animal test
in its entirety, so multiple test methods are needed to determine
the effects. Here we describe a human in vitro skin explant test
for identification of sensitization hazards and the assessment
of relative skin sensitizing potency. This method uses a human
autologous system to test for sensitivity and adverse reactions
to compounds, in which activity is measured as histopathological
grading of skin damage, caused by induced immune sensitization
response, which correlates with T cell proliferation and IFN-� pro-
duction. Using this approach we have measured responses to 44
chemicals including skin sensitizers, pre/pro-haptens, respiratory
sensitizers, non-sensitizing chemicals (including skin-irritants)
and previously LLNA misclassified compounds (e.g. Nickel Sul-
phate). Based on comparisons with the LLNA, the skin explant test
gave 95% specificity, 95% sensitivity, 95% concordance with a
correlation coefficient of r = 0.9 (p < 0.0001). Additionally, it has
proven to be a sensitive method for predicting allergy responses to

cosmetics and can be used to determine adverse effects of repeat
dosing. Human skin equivalent models are useful in vitro testing
platforms and a reliable alternative to animal testing. Here we also
describe a unique full-thickness 3D autologous skin equivalent
model made from primary human tissue as a valuable platform for
high throughput testing. The 3D equivalent model showed similar
structure to normal healthy skin, observed by H&E staining and
positive immunofluorescence staining for epidermal differenti-
ation markers (loricrin, involucrin, cytokeratin 14 and collagen
3). Collectively, the data suggests these human in vitro skin tests
could provide the basis for a novel approach for characterization
of the sensitizing activity of compounds as a first step in the risk
assessment process.

https://doi.org/10.1016/j.toxlet.2018.06.073

OP03-08
Lung-on-a-Chip: The interplay of primary
human epithelial and endothelial cells
improves the alveolar barrier function

A.O. Stucki 1,∗ , G. Raggi 1, S. Sigrist 1, P. Zamprogno 1,2,
N. Schneider-Daum 3, C.-M. Lehr 3, H. Huwer 4, J.D. Stucki 5,
N. Hobi 1,5,†, O.T. Guenat 1,5,†

1 University of Bern, ARTORG Organ on Chip Technologies, Bern,
Switzerland
2 University of Bern, Graduate School for Cellular and Biomedical
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3 Saarland University, Helmholtz Institute for Pharmaceutical
Research Saarland, Saarbrücken, Germany
4 SHG Clinics, Department of Cardiothoracic Surgery, Völklingen,
Germany
5 AlveoliX AG, Bern, Switzerland

Introduction: The pulmonary alveolar barrier is one of the largest
entry ports for xenobiotics into the body and consists of a thin
barrier of epithelial and endothelial cells. Yet, establishing a bio-
logically relevant model of the pulmonary alveolar-capillary barrier
is challenging, due to poor availability of human primary alveolar
epithelial cells. In addition, the effect of mechanical stretch on the
cells due to breathing is thought to be important in regulating lung
functions but has so far not thoroughly been considered due to the
lack of appropriate tools.

Aims: The goal of our work is to establish a stable pulmonary
alveolar-capillary barrier and understand the interplay between
lung alveolar epithelial and endothelial cells in an in vivo-like envi-
ronment.

Methods: Primary human pulmonary alveolar epithelial cells
(pHPAEC) from patients undergoing lung resections were cultured
on inserts (0.4 �m pore size) or lung-on-a-chips (3.5 �m pore size)
with and without four different endothelial cell types. Medium
was exchanged every other day, following which trans-epithelial
electrical resistance (TEER) was measured for up to 14 days.

Results: The TEER of pHPAEC monoculture rises above
1000 �cm2 until day 4-6 and then begins to drop reaching values
below 500 �cm2 at days 8 to 14. Co-culturing pHPAEC with human
VeraVec endothelial cells increased TEER values significantly and
lead to a more stable culture (values above 4000 �cm2 at day
12). Culturing pHPAEC together with primary human pulmonary
microvascular (HPMEC) or umbilical vein (HUVEC) endothelial
cells, or with immortalized HPMEC ST1.6R resulted in slightly lower
TEER values compared to VeraVec cultures but significantly higher
compared to monoculture of pHPAEC.

∗ NH and OTG contributed equally to this work.
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Conclusion: The integrity of the alveolar-capillary barrier is a
key parameter that prevents any unwanted leakage from either side
of the barrier. TEER is often used to assess the quality of the barrier
integrity. Here, we show that a co-culture of primary human alve-
olar epithelial cells together with endothelial cells does not only
significantly increase the barrier integrity but is also a factor of a
long-term stability.

https://doi.org/10.1016/j.toxlet.2018.06.074

OP03-09
3D NephroScreen: high throughput
drug-induced nephrotoxicity screening on a
proximal tubule-on-a-chip model

L. Gijzen 1,∗ , M.K. Vormann 1, S. Hutter 1, J. Vriend 2, S.J. Trietsch 1,
J. Joore 1, M. Wilmer 2, L. Suter-Dick 3, R. Masereeuw 4, H.L. Lanz 1

1 Mimetas BV, Leiden, Netherlands
2 Radboud UMC, Department of Pharmacology and Toxicology,
Nijmegen, Netherlands
3 University of Applied Sciences Northwestern Switzerland, Muttenz,
Switzerland
4 Utrecht Institute for Pharmaceutical Sciences, Div. Pharmacology,
Utrecht, Netherlands

Renal toxicity remains a major issue in clinical trials, and stresses
the need for more predictive models fit for implementation in
early drug development. Here, we describe a perfused, leak-tight
renal proximal tubule cell (RPTEC) model cultured within a high
throughput microfluidic platform (Mimetas’ OrganoPlate

®
)2, along

with recent results from a 12-compound nephrotoxicity screen
performed within the “NephroTube” CRACK IT consortium in col-
laboration with sponsors and the NC3Rs.

Human RPTEC (SA7K clone, Sigma) were grown against a col-
lagen I ECM in a 3-channel OrganoPlate

®
, yielding access to both

the apical and basal side. Drug-induced toxicity was assessed by
exposing kidney tubules to 4 benchmark and 8 blinded compounds
with known clinical effects supplied by the sponsors for 24 and
48 h. The tightness of the barrier was evaluated by diffusion of a
dextran dye from apical to basal compartment. Parallel to this, cell
viability with a WST-8 assay and the presence of LDH in the super-
natant were assessed. Finally, kidney tubules were lysed, and RNA
was extracted for gene expression analysis of acute kidney injury
markers.

Upon perfusion flow, RPTEC form leak-tight confluent tubular
structures against the collagen I ECM in the OrganoPlate

®
. The

NephroScreen revealed significant decreased barrier tightness and
cell viability in 7 out of 12 compounds. Furthermore, the release
of LDH was significantly increased in 9 out of 12 compounds. An
increased expression in HMOX1, TNF� and NGAL was observed
in 9, 5 and 7 out of 12 compounds respectively whereas claudin-
2 showed a decrease in 6 out the 12. Overall, more effects were
observed after 48 h in comparison to 24 h exposure.

The kidney-on-a-chip model in the OrganoPlate
®

provides a
promising in vitro renal toxicity tool to answer the desire to provide
a better alternative to animal studies in terms of throughput, costs
and predictivity and ultimately will be commercialised after further
validation.

https://doi.org/10.1016/j.toxlet.2018.06.075

OP03-10
Exploring in vitro the potential effects of
repeated drug treatment on the distribution of
other xenobiotics at the human blood-brain
barrier (BBB)

M. Heymans ∗ , C. Lontouo, E. Sevin, F. Gosselet, M. Culot

University of Artois, Blood-brain barrier Laboratory, Lens, France

Drug-induced activation of transcription factors has been reported
to exert either beneficial or detrimental effects at the blood-brain
barrier (BBB). Both CAR and PXR activation at the BBB, by respec-
tively phenobarbital and carbamazepine, have been suggested to
contribute to the mechanisms of drug resistance in epilepsy. The
latter by upregulating the activity of drug-metabolizing enzymes
(e.g. CYPs) and the expression of efflux transporters (e.g. ABCB1). On
the other hand, the anti-cancer drug, bexarotene, which is an RXR
agonist, has been suggested to play a beneficial role in Alzheimer’s
disease, however its possible effect at the BBB has been neglected
so far.

Recently, our laboratory developed a human in vitro BBB model
based on cord blood-derived hematopoietic stem cells, which are
co-cultured with bovine brain pericytes to induce the typical phe-
notype of BBB endothelial cells (i.e. complex tight junctions, low
permeability and expression of efflux pumps) [1].

After adapting this model to study the effects of repeated drug
treatment at the BBB, we studied the effects of a selection of drugs,
including some known agonists of nuclear receptors (e.g. AhR, CAR,
LXR, PPAR-gamma, PXR, RAR, RXR agonists).

Our preliminary data suggest that some drugs affect the expres-
sion of drug transporters at the BBB which results in changes in the
brain distribution of the drug itself or other drugs.

These experiments could highlight possible relationships
between the drug-induced activation of nuclear receptors and dis-
ease mechanisms or treatments, as any change in the expression
of transporter or metabolizing enzymes at the BBB might affect the
distribution of all their substrates to the brain.
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P01-01
One-month repeated cigarette smoke exposure
of human organotypic bronchial epithelial cell
culture

S. Ito ∗ , K. Ishimori, S. Ishikawa

Japan Tobacco Inc., R&D Group, Science Product Assessment Center,
Yokohama, Japan

Cigarette smoke (CS) is a causative factor in inflammatory
responses, and chronic exposure to CS can eventually lead to
the development of chronic inflammatory diseases. Organotypic
culture models enable the conduct of chronic inhalation stud-
ies in vitro because of their long shelf life. We exposed MucilAir
human primary bronchial organotypic cultures to 5–50 �g/mL of
CS extract for four 24-h periods, and measured the levels of seven
cytokines, including interleukin (IL)-8 and growth-related onco-
gene (GRO), secreted into the basolateral medium. We found a
clear concentration-response relationship for IL-8, even though
no obvious morphological alterations were observed, suggesting
that this concentration range would be suitable for repeated CS
exposures. Next, we conducted a one-month repeated-exposure
study to assess changes in the levels of cytokines associated with
inflammation. The tissues were exposed to 1–20 �g/mL of CS
extract, a range exerting no significant acute effects on tissue mor-
phology, and we analyzed changes in the levels of inflammatory
cytokines and matrix metalloproteinases secreted into the basolat-
eral medium, as well as long-term alterations in tissue morphology.
A concentration-dependent increase in IL-8 levels was observed
throughout the experimental period. Moreover, IL-8 levels in tis-
sues exposed to more than 10 �g/mL CS extract increased over time.
GRO and matrix metalloproteinase levels also increased, suggesting
an exacerbation of the inflammatory response. A focal morpho-
logical change was observed in tissues exposed to 20 �g/mL CS
extract. Baseline levels of the inflammatory mediators decreased
gradually over time, suggesting that an appropriate acclimation
period is required. Overall, our results demonstrate that even at
low concentrations, repeated CS exposure induces inflammatory
effects. Organotypic cultures of human primary cells are useful
tools in reproducing tissue-specific responses to chronic CS expo-
sure in vitro.

https://doi.org/10.1016/j.toxlet.2018.06.519

P01-02
Cytotoxicity testing of therapeutic nanosystems
for pulmonary infection using an air-lifted
interphase in-vitro test system

J. Knebel 1,∗ , D. Ritter 1, M. Niehof 1, T. Hansen 1, M. Strandh 2,
C. Falciani 3, M. Flores 4, Y. te Welscher 5, C. van Nostrum 5,
R. Gracia 6, M. Marradi 6, I. Loinaz 6

1 Fraunhofer ITEM, Preclinical Pharmacology and In vitro Toxicology,
Hannover, Germany
2 Adenium Biotech, Copenhagen, Denmark
3 Setlance, Siena, Italy
4 Ingeniatrics Tecnologias, Sevilla, Spain
5 Utrecht University, Utrecht, Netherlands
6 CIDETEC Nanomedicine, San Sebastian, Spain

While searching for effective antibiotics against resistant bacteria,
nanocompounds are developed today, which may serve as drug
carriers for the antibiotic active substances. In the case of respi-
ratory infections, the administration of such combined antibiotic
nanosystems (NS) via the inhalation route is the first choice in
order to combat the bacteria directly at the site of action. Here we
report about the in vitro investigation on the cytotoxic effects of 4
nanosystems and a free antimicrobial peptide (AMP) on a human
lung cell line (A549) in a realistic test environment. Test substances
as well as vehicle, positive (CuSO4) and negative (Lactose) controls
were aerosolized. Cells, grown on membranes at the air-liquid
interphase, were exposed to the airborne test and reference
substances using the P.R.I.T.® ALI technology. After exposure, cells
were postincubated for 24 hrs before cellular viability was deter-
mined by use of the tetrazolium salt conversion assay (WST-1). The
results indicated that the exposure scenario had no adverse effect
on the cells as revealed by the vehicle controls. CuSO4, known as
a mild human lung toxicant, led to a clear dose-effect relationship,
whereas increasing concentrations of lactose showed no cytotoxic
effect. The free antimicrobial peptide displayed the strongest
toxicity of all test substances and revealed more toxic potency
than the positive control (CuSO4). The comparison on dosage based
grouping between the free AMP and the nanosystem, tested at the
same relative antibiotics concentration, revealed that packing into
a micelle nanosystem significantly reduced the toxicity of the AMP.
When comparing the effect of the four NS at the highest dosage
the results show, that NS #2 had a significantly higher impact on
the cell viability than the other three nanosystems. Therefore it
is concluded that the protective effects of the nanosystems were
dependent on the antibiotic/nanocompound combination. EU
grant agreement No 604434.

https://doi.org/10.1016/j.toxlet.2018.06.520
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P01-03
The development of in vitro embryotoxicity
testing using human iPS cells

N. Aikawa

Kyowa Hakko Kirin Co., Ltd, R&D Division, Translational Research
Unit, Shizuoka, Japan

Embryotoxicity, which affects the next-generation is a serious
toxicity. To predict the clinical embryotoxic potential of drug candi-
dates in the preclinical setting, a method of in vitro human-induced
pluripotent stem cell (iPS) embryotoxicity testing (iPSET) was
developed by modifying a mouse embryonic stem cell test (EST),
which is one of the more promising animal-free approaches, to
assess the embryotoxic potential of drug candidates. I previously
reported on the human-specific embryotoxicity of thalidomide in
preliminary iPSET (J Pharmacol Sci, 2014). In the present study, to
validate the clinical prediction by iPSET, some other drugs were
assessed.

The drugs were assessed according to the following three end-
points: the inhibition of the cardiac differentiation of iPS and the
cytotoxicity on iPS and human dermal fibroblasts. The spontaneous
differentiation of iPS to cardiomyocytes was considerably difficult
to achieve in comparison to mouse embryonic stem cells; how-
ever, I developed a simple protocol through which the application
of biological substances promotes the differentiation of iPS into
cardiomyocytes. Reference drugs that are reported to have embry-
otoxicity, were used as positive controls (e.g., thalidomide, sodium
valproate and methotrexate). For convenience, reference drugs
that have not been reported to be associated with embryotoxicity
(e.g., ascorbic acid and saccharin) were used as negative controls.
These test drugs were classified into three classes, class-1 (no
embryotoxicity), class-2 (weak embryotoxicity) and class-3 (strong
embryotoxicity), according to the classification of the potential risk
of embryotoxicity by the EST prediction criteria using the three
endpoints.

All of the positive control drugs were classified as class-2 or -3.
All of the negative control drugs were classed as class-1. These find-
ings suggested that the iPSET would be a useful assay for evaluating
the human embryotoxicity of drug candidates in the preclinical
setting.

https://doi.org/10.1016/j.toxlet.2018.06.521

P01-04
A novel model of alphavirus-induced
neurotoxicity for studying gene x environment
interactions

C.M. Bantle 1,∗ , S.M. Roche 2, R.B. Tjalkens 1

1 Colorado State Univeristy, Environmental Health and Radiological
Sciences, Fort Collins, US
2 Colorado State University, Department of Microbiology,
Immunology and Pathology, Fort Collins, US

The etiology of neurodegenerative diseases such as Parkinson’s (PD)
and Alzheimer’s disease is unknown but likely linked to combi-
natorial interactions between genetic risk factors, environmental
stressors including viruses, and environmental neurotoxins. Our
understanding of the environmental links to PD and related neu-
rodegenerative disorders remains extremely limited, emphasizing
the need for better animal models in which to test interactions
between environmental toxins and genetic backgrounds. Current
animal models based on the use of neurotoxins and transgenic
mice may show loss of neurons but often lack other key hallmarks
of these diseases, such as neuroanatomical specificity, progressive

neuronal loss, glial activation and protein aggregation. Notably,
certain neurotropic mosquito-borne alphaviruses, such as West-
ern equine encephalitis virus (WEEV), can target the midbrain, as
well as cortical regions, with high fidelity and have been shown
for many years to cause neurological symptoms resembling PD
in individuals who develop encephalitic disease. Using recombi-
nant WEEV expressing firefly luciferase in outbred CD-1 mice, we
demonstrate that infection by simple intranasal inoculation results
in rapid distribution throughout the cortex and basal ganglia, pro-
nounced neurobehavioral abnormalities, marked glial activation
and loss of dopaminergic neurons in the SNpc. To prevent mor-
tality, mice were treated with polyclonal antibodies to the WEEV
E1 viroporin at 12 and 48 hours post-infection, whereupon they
cleared WEEV and remained viable for at least two months. Levels of
viral replication were monitored by in situ bioluminescence imag-
ing for the entire eight weeks of infection. Brain tissue was fixed
and cryosectioned for 3D design-based stereology. CLARITY imag-
ing revealed wide distribution of RFP-expressing WEEV throughout
the CNS. Intranasal inoculation with recombinant WEEV showed
high specify for the SNpc, significant DA cell loss, glial cell activa-
tion, protein aggregation and a gene expression profile consistent
with PD-like pathology. We also examined the capacity of infec-
tion with WEEV to exacerbate the neurotoxicity of the heavy metal,
Mn, which causes PD-like pathology in humans and animal model.
This study provides a new viral-based animal model that closely
replicates the neuroanatomical features of PD that can be used
to investigate interactions between infection and environmental
neurotoxins that can lead to neurodegenerative disease.

https://doi.org/10.1016/j.toxlet.2018.06.522

P01-05
Weight of evidence skin sensitization safety
assessment using the bayesian net integrated
testing strategy

P.S. Kern 1,∗ , C.A. Ryan 2, E. Deconinck 1, J. Jaworska 3,
G. Dameron 2

1 Procter & Gamble Services Company NV, GPS, Strombeek-Bever,
Belgium
2 Procter & Gamble, GPS, Mason, US
3 Procter & Gamble Services Company NV, MS, Strombeek-Bever,
Belgium

Skin sensitization safety assessments nowadays rely heavily on
using non-animal data from assays addressing steps along the
Adverse Outcome Pathway (AOP). The non-animal data are gen-
erally integrated following a defined approach to predict a skin
sensitization hazard or potency which can then be used as point
of departure (No expected sensitization induction level NESIL) for
a quantitative risk assessment. Often, those data are further com-
bined with information on eg. (skin) metabolism, bioavailability
or structural analogs in a weight of evidence safety assessment
approach.

Data integration remains challenging as determination of sen-
sitization potency and underlying uncertainty of the prediction
cannot be easily determined. The Bayesian Net integrated testing
strategy (BN-ITS) represents the underlying mechanistic pro-
cesses of the AOP and allows the integration of data from three
validated alternative methods (Direct Peptide Reactivity (DPRA)
KeratinoSens® and Human Cell Line Activation Test (hClat)), along
with bioavailability, physical chemical properties and in silico
inputs to predict skin sensitization potencies. In the provided case
studies, covering eg. fragrance materials, the BN-ITS was used as a
method to derive NESILs either in form of a sensitization potency
category or as a predicted pEC3 values. The predicted pEC3 val-

https://doi.org/10.1016/j.toxlet.2018.06.521
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ues provide an advantage over the potency category predictions as
they are in line with data provided by LLNA testing. The pEC3 value
most appropriate to represent the predicted distribution (e.g. 50th,
70th, 90th percentile) was explored. The uncertainty of the potency
prediction is assessed by conversion of the probability-based pre-
dictions to Bayes factors (BF). The case studies will illustrate how to
deal with data discrepancies and how to factor in data from related
structural analogs to further reduce uncertainties eg. to extrapolate
from LLNA predictions to human thresholds, as well as guiding the
safety assessor. The BN ITS sensitization potency prediction, com-
bined with read across information from analogs represents a step
forward in progressing the use of non-animal methods from simple
hazard identification to use in safety assessment.

https://doi.org/10.1016/j.toxlet.2018.06.523

P01-06
Mitigation of hypothetical on-target
mechanosensory transduction risk in a TRPC6
antagonist project by evaluation of auditory
function in the rat

M. Liljevald 1,∗ , S. Purbrick 2, R. Tapp 3, M. Rolf 1, W. Redfern 2

1 AstraZeneca, Drug Safety and Metabolism, Mölndal, Sweden
2 AstraZeneca, Drug Safety and Metabolism, Cambridge, UK
3 MPI research, Michigan, US

Background: One of our small-molecule projects aims to target
TRPC6 with an orally available antagonist. A key safety concern is
that TRPs play a role in mechanosensory transduction. Auditory
deficits occur in mice with a dual knockout of TRPC6 and TRPC3,
but not with TRPC6 knockout alone (Quick et al., 2012; Sexton
et al., 2016). We tested a representative AZ compound on audi-
tory function in the rat. AZ-1 has ∼20-fold selectivity for TRPC6
(IC50 = 10 nM) over TRPC3 (IC50 = 209 nM). It was tested at its MTD
dose level, with the intention of achieving good coverage for both
TRPC6 and TRPC3 in the cochlea. Furosemide was included as a
positive control.

Protocol: Male Han Wistar rats (222 to 337 g; 9-11 weeks of
age; 10/treatment group) received a single administration of either
vehicle (10 mL/kg p.o.), AZ-1 (500 mg/kg p.o.) or furosemide (40,
80 or 100 mg/kg i.v.). The Auditory Brainstem Response (ABR) was
recorded via scalp electrodes under ketamine-dexmedetomidine
anaesthesia. The rat was placed on a heated water blanket to assist
in thermoregulation, in a sound-attenuated electrically shielded
enclosure. The threshold sound level in decibels (dB) for evoking the
ABR response was evaluated at 3 different frequencies (4, 10 and
20 kHz), delivered as a 15 ms stimulus, in increasing 10 dB steps.
ABR was tested in both ears around the Tmax (1 h post-dose for AZ-1;
10 min post-dose for furosemide). Terminal sampling of perilymph
(2 �L per ear) was undertaken to confirm local exposure.

Readout: AZ-1 had no effect on ABR at perilymph exposures
of 7440 nmol/L, affording good coverage of TRPC6 (744 × IC50)
and TRPC3 (36 × IC50). Furosemide at 40 mg/kg also had no effect,
whereas at 80 mg/kg and 100 mg/kg, dose-related increases in the
ABR thresholds were observed, with average thresholds increases
of 27.0 dB, 27.3 dB, and 46.5 dB (80 mg/kg) and 38.2 dB, 39.5 dB, and
55.2 dB (100 mg/kg) at 4, 10, and 20 kHz respectively (P < 0.01).

Outcome: Pharmacological inhibition of TRPC3 and TRPC6 did
not lead to the auditory deficits reported after knockout of these
proteins. This study was therefore able to mitigate a hypothetical
risk identified during a literature-based target safety assessment
and build confidence in the safety of TRPC6 inhibition as a thera-
peutic mechanism.
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P01-07
Toxicity assays using expanded liver cells
promote the reduction of animal use in
pre-clinical research

N. Nagy ∗ , A. Noerenberg, T. Evenburg, T. Johannssen

upcyte technologies, Hamburg, Germany

Alternatives to animal testing in toxicity studies such as in vitro
models were proposed to overcome some of the drawbacks asso-
ciated with animal tests. Current in vitro models exhibit several
disadvantages such artificial conditions focusing on a single cell
type in 2D culture. The use of primary cells in vitro is compromised
by limited cell numbers and restricted proliferation. upcyte tech-
nologies has developed a unique technique to push isolated human
primary cells back into proliferation without altering the cells most
relevant tissue-specific characteristics. Here we describe the most
recent data of upcyte® hepatocytes and liver sinusoidal endothe-
lial cells (LSECs) to demonstrate their suitability to replace animal
models.

First, the expression of typical markers was investigated. Both
upcyte® hepatocytes and LSECs expressed characteristic adult
marker proteins. Secondly, tissue specific activities were identified.
upcyte® hepatocytes expressed metabolizing enzymes of phase I as
well as phase II. Furthermore, functional expression of drug trans-
porters OATP2B1, NTCP and OCT1 was quantified. In upcyte® LSECs
the mannose and FcγR receptors (CD32b) were highly expressed as
well as used in the functional test of receptor-mediated endocyto-
sis.

Thirdly, toxicity studies were performed on upcyte® hepa-
tocytes and LSECs alone as well as in co-culture. Acute and
repeated-dose toxicity was investigated first in upcyte® hepato-
cytes with acetaminophen (APAP) for 24 h or 1 week. As a result,
no effect was observed after 24 h treatment, whereas after 1 week,
apoptosis and levels of intracellular Ca2+, ROS and mitochondrial
superoxide were significantly increased. Then, LSECs in 2D mono-
layers were challenged with APAP and the toxicity was compared
to expanded hepatocytes. Interestingly, LSECs showed an increased
sensitivity towards APAP when compared to upcyte® hepatocytes.
Furthermore, co-culture in 3D scaffolds was the most sensitive
model to detect acetaminophen-induced toxicity.

Overall, upcyte® hepatocytes and LSECs combine many features
of primary cells with unlimited availability to replace the use of ani-
mals in pre-clinical studies. Furthermore, co-culture of these cells
in toxicity studies could boost the predictability of such assays and
thereby reduce subsequent animal in vivo studies.

https://doi.org/10.1016/j.toxlet.2018.06.525

P01-08
Developmental toxicity assessment of
thalidomide and its derivatives lenalidomide
and pomalidomide in zebrafish embryos

I. Gonzalez , M. Ipiñazar ∗, A. Altuna, C. Quevedo

Biobide, San Sebastian, Spain

More than half a century ago, Thalidomide was widely prescribed
to pregnant women as a sedative and antiemetic. The terato-
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genic effects associated with its use were soon discovered along
with multiple and severe birth defects. The Thalidomide disas-
ter demonstrated for the first time that species differences exist
in drug reaction/response. Mice are less sensitive to Thalido-
mide than other species like non-human primates and rabbits.
Deleterious effects of Thalidomide have been also demonstrated
in non-mammalian species as chicken, Xenopus and some fish
species.

There is a worldwide trend to move away from animal testing
for the human and environmental safety assessment of chemicals.
Zebrafish embryo model is highly popular in toxicology, both in
research, industry and potential regulatory applications. In com-
pliance with international animal welfare regulations (e.g. Dir
2010/63/UE), the fish embryo models provide an ethically accept-
able small-scale analysis system with the complexity of a complete
organism.

The main objective of this study is to test the teratogenicity
potential of Thalidomide in zebrafish embryos. For this purpose,
embryos were exposed to this compound from 3-5 hpf (hours post-
fertilization) to 4 dpf (days post-fertilization) and the evaluation of
survival and morphological alterations was carried out during this
period. Internal compound exposure in the larvae was determined
after this analysis by liquid chromatography and mass spectrom-
etry. Although clear morphological alterations were not observed
at the concentrations analyzed, a decrease in the embryo length
was consistently observed at 800 �M. Higher concentrations could
not be assayed since Thalidomide precipitated from this concentra-
tion in the embryo water. Due to its hydrophilic nature, low uptake
of Thalidomide (estimated internal concentration ∼ 20 �M) was
confirmed after bioanalysis. Then, in spite of Thalidomide solubil-
ity limitation and its low penetrance, toxicity manifestations were
already caused at 20 �M. Similar experiments were conducted
for Thalidomide derivatives Lenalidomide and Pomalidomide to
compare the developmental toxicity potential of these related com-
pounds.

https://doi.org/10.1016/j.toxlet.2018.06.526

P01-09
Capturing the current use and applicability of
drug transporter data for chemical safety
assessment within a non-animal kinetic-based
approach

A. Paini ∗ , S. Coecke, A.P. Worth, L.-A. Clerbaux

European Commission Joint Research Centre, Directorate Health,
Consumers and Reference Materials, Ispra, Italy

Membrane transporters represent the functional part of the phys-
iological barriers of the body as they mediate the transport of
compounds into and out of cells. Thereby, they play critical roles
in absorption, distribution and excretion of a substance, driv-
ing kinetics. In recent decades, the drug development field has
placed particular effort on studying transporters of clinical rel-
evance. Transporter data could be a key determinant within a
toxicokinetics-based risk assessment strategy. However, a global
overview of the use of transporters data for chemical safety assess-
ment is currently missing.

Therefore, the EU Reference Laboratory for Alternatives to Ani-
mal Testing (EURL ECVAM) created an online survey to capture
the current use of transporter data also outside the pharmaceuti-
cal field. The survey was available from the 24th of January until
the 16th of March 2018. The survey was divided in 4 sections:
respondent profile, current use of transporters data, tools currently
employed and applicability of non-animal tests.

A total of 73 participants, from different working sectors and
with various kinds of expertise, completed the survey. Thanks
to respondents’ replies, the results revealed that transporters are
studied for drug development first, but also for risk assessment
of food and feed contaminants, industrial chemicals, cosmetics and
others, by applying in vitro and in silico tools. However, the methods
are still far from regulatory acceptance. The respondents identified
various challenges related to the interpretation of transporter data
from in vitro assays and in silico models. Overall, the results brought
up that a better understanding of the mechanisms and a combined
in vitro-in silico approach would help scientists and regulators to
gain greater confidence in using transporter data generated from
non-animal methods within a mechanistically anchored, kinetic-
based strategy.

https://doi.org/10.1016/j.toxlet.2018.06.527

P01-10
IATA used the in chemico, in vitro and in silico
methods to evaluate the skin sensitization
potentials of cosmetic ingredients

M. Choi ∗ , S.-A. Cho, S.-R. Park, S. An

AMOREPACIFIC, Safety & Microbiology Lab, Yongin, Republic of Korea

Since March 2009, using animal for testing cosmetics has banned by
The Council of the European Union, and also has banned in Republic
of Korea since February 2017. According to the trend of animal test-
ing ban, many alternative animal test methods for testing toxicity
of cosmetic ingredients and products have been developed. Many
animal alternatives for skin sensitization is developed according to
AOP (Adverse Outcome Pathway) concepts, such as protein bind-
ing (KE1), keratinocyte activation (KE2) and dendritic cell activation
(KE3).

DPRA(Direct Peptide Reactivity Assay; KE1), ARE-Nrf2 luciferase
test(KeratinoSensTM; KE2), and h-CLAT(human Cell Line Activa-
tion Test; KE3) are the major test methods used to predict skin
sensitization based on AOP concepts. Generally, these three test
results are integrated to predict sensitization. Searching flexible
and suitable tools for toxicological decision making called IATA
(Integrated Approaches to Testing and Assessment) is important
concept to predict skin sensitization to improve accuracy of chem-
icals. Recently, there is a trend to comprehensively predict for
skin sensitization with a combination of in chemico, in vitro meth-
ods and in silico tools. And, many studies have been conducted to
improve the accuracy of the prediction using in silico tools.

The purpose of this study was to compare the accuracy between
in silico/vitro/chemico and in vitro/chemico test to make our own
prediction strategy of cosmetic raw materials for skin sensitization.
We compared the accuracy of using only three tests with the accu-
racy of using the in silico tool (OECD QSAR toolbox) in addition. The
results of study showed higher accuracy when using the in silico
tool than if it were not used.

https://doi.org/10.1016/j.toxlet.2018.06.528
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P01-11
Human gut-on-a-chip model as an improved
intestinal barrier model to predict compound
bioavailability and toxicity

H. Bouwmeester 1,∗ , K. Kulthong 1,3, M. Grouls 1,
L. Duivenvoorde 2, D. Rijkers 2, G. ten Dam 2, L. de Haan 1,
M. van der Zande 2

1 Wageningen University, Toxicology, Wageningen, Netherlands
2 Wageningen Research, RIKILT, Wageningen, Netherlands
3 National Science and Technology Development Agency, National
Nanotechnology Center, Pathum tani, Thailand

Human intestinal epithelial cells grown in a microfluidic gut-on-
a-chip model have been proposed as an improved in vitro model
that better recapitulates the human intestinal functions. Growing
human cells under microfluidic flow conditions allow an accurate
control of the extracellular chemical and physical microenvi-
ronment. Here, we developed a gut-on-a-chip model with high
relevance to in vivo conditions. Intestinal epithelial cells (Caco-
2) were (co-)cultured with HT29-MTX mucus secreting cells on
a porous polyester membrane that was tightly clamped between
two glass slides to form two separate flow chambers. The chip
was mounted with a quick locking mechanism in a chip holder
constructed for connecting external tubing to the chip via specific
ferrules to ensure tight connections and a leaking-free system. Both
above and below the membrane layer two fluid flows (25 �L/h)
were applied using a pump system. Confocal microscopy anal-
ysis of the cellular monolayer, Lucifer Yellow translocation and
ALP activity levels indicated good cell layer integrity and cellu-
lar differentiation. We determined intestinal barrier function by
measuring the transport of Ketoprofen, Amoxicillin, Antipyrine
and Digoxin resembling different groups of well-known pharmacy
and a mixture of 17 dioxin congeners, food contaminants. After
24 h incubation, the amount of transported dioxins was similar
in both the dynamic gut-on-a-chip and static Transwell model
ranging from 0.6% to 3.3% and 0.2% to 4.4%, respectively. Diox-
ins detected in cellular fraction were also comparable between
two models, ranging from 22 to 66%. The transport of individ-
ual congeners corresponded with their structures as revealed by
molecular weight-transport relationship. In summary, the dynamic
microenvironment in our gut-on-a-chip model influences growth,
differentiation, and the translocation properties of intestinal Caco-
2 cells which might be future developed for kinetic bioavailability
studies.

https://doi.org/10.1016/j.toxlet.2018.06.529

P01-12
Non-animal vaginal irritation method admitted
as nonclinical assessment model (NAM) in the
Incubator Phase of the United States Food and
Drug Administration (US FDA) Medical Devices
Development Tool (MDDT)

E. Hill 1,∗ , J. Brown 2, E.-G. Costin 1

1 Institute for In Vitro Sciences, Gaithersburg, US
2 PETA International Science Consortium, London, UK

As of December 2015, personal lubricants must receive pre-market
approval from the US Food and Drug Administration (FDA) Center
for Devices and Radiological Health (CDRH) in order to be sold in the
US. Part of the agency-recommended biocompatibility testing bat-
tery includes the in vivo Rabbit Vaginal Irritation (RVI) test. We have
created an Industry Consortium comprised of personal lubricants
manufacturers and are working collaboratively with stakeholders

and the US FDA to develop an in vitro testing approach that can
reliably be used to replace the RVI in pre-market submissions. Our
Validation Program will analyze paired in vivo-in vitro data for vagi-
nal irritation utilizing commercially available human reconstructed
vaginal tissue models. A Prediction Model will be proposed that can
be used for the safety assessment of personal lubricants and vaginal
moisturizers in their final, undiluted formulations with chemical
and physical properties within the boundaries of products included
in the qualification package (e.g., formulation, viscosity, pH, osmo-
lality). Our Validation Program proposal has been accepted as a
Nonclinical Assessment Model (NAM) in the Incubator Phase of the
US FDA CDRH Medical Device Development Tool (MDDT) Program
and is currently under review for consideration to advance to the
Pre-Qualification stage.

https://doi.org/10.1016/j.toxlet.2018.06.530

P01-13
Proteomics and AllerCatPro analysis for the
identification of low allergenic proteins

N.L. Krutz 1,∗ , J. Winget 2, C.A. Ryan 2, R. Wimalasena 2,
S. Maurer-Stroh 3, R. Dearman 4, I. Kimber 4, G.F. Gerberick 2,5

1 NV Procter & Gamble Services Company SA, Strombeek-Bever,
Belgium
2 The Procter & Gamble Company, Mason, US
3 Bioinformatics Institute, Agency for Science, Technology and
Research, Singapore, Singapore
4 University of Manchester, Faculty of Life Sciences, Manchester, UK
5 GF3 Consultancy, Cincinnati, US

The use of botanicals and natural substances in consumer products
has increased in recent years. These substances can contain protein
and therefore may be a concern for the potential risk to cause imme-
diate type (IgE-mediated) respiratory allergic reactions. Assessing
the allergenic potential of proteins and protein extracts is challeng-
ing, since some proteins may cause allergic reactions, while many
others are of less or no concern. Available data on well-researched
proteins considered as low or non-allergenic is insufficient to be
used for calibration of new and existing assessment paradigms.
Here we generated a data set of proteins predicted as low allergenic
based on the lack of evidence for their allergenic potential.

We chose protein extracts from sources that are considered to
have less allergenic potential than the “big 8” most common food
allergens, including Corn, Spinach, Potato, Rice, Tomato as well
as Wheat, as one of the “big 8”. These extracts were analyzed to
identify and semi-quantify all proteins by a label-free proteomics
analysis conducted with QExactive HF mass spectrometer. Pro-
teins with a relative high abundance representing < 10% of the total
number of all identified proteins were analyzed for their predicted
allergenicity potential by AllerCatPro. This in silico model compares
proteins on a sequence and 3D structure level against a reliable
dataset of > 3000 protein allergens and performs with 84% accuracy.

Each extract revealed 1224 (Spinach) to 1875 (Tomato) pro-
teins with most abundant proteins per extract comprising 4.5%
(Polygalacturonidase-2 in Tomato) up to 33% (small chain of
RuBisCO in Spinach). As expected, the most abundant proteins iden-
tified in Wheat were predicted with strong evidence for allergenic
potential such as well-known allergens belonging to the Alpha-
amylase/trypsin inhibitor, Glutenin and Gliadin families. Within
the relatively high abundant proteins of all six analyzed extracts, 52
proteins were predicted with no evidence for allergenic potential
based on the protein structure.

This generated panel of well-researched low allergenic proteins
provides a pragmatic approach to aid the development of alter-
native methods for more robust testing strategies to distinguish

https://doi.org/10.1016/j.toxlet.2018.06.529
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between proteins of high and low allergenic potential to assess the
risk of novel proteins.

https://doi.org/10.1016/j.toxlet.2018.06.531

P01-14
Is there a relationship between bioaccessibility
and bioavailability for metals?

Y.W. Lowney 1 , V. Verougstraete 2,∗, A. Oller 3

1 Alloy LLC, Boulder, US
2 Eurometaux, Brussels, Belgium
3 NiPERA Inc., Durham, US

Purpose of the study: Bioavailability refers to the portion of
a chemical that is absorbed by an organism and reaches the
central (blood) compartment. For most metals and complex metal-
containing materials, bioavailability is a key driver of toxicity:
systemic health effects will manifest only if exposures result in
bioavailable metal levels above the threshold values for these
effects. Bioavailability is based on results from animal (in vivo) stud-
ies. However, where it is not desirable to determine this in vivo (e.g.
animal welfare considerations, more rapid throughput), studies
performed in vitro (bioaccessibility or bioelution tests) can provide
a measure of the solubility of metals in surrogate biological flu-
ids. Bioavailability and bioaccessibility data can be used in many
applications, ranging from grouping and read-across of metals, risk
assessment from soils and hazard identification. However, before
using the in vitro results as an alternative to in vivo testing, it is
necessary to establish if a relationship can be defined between
bioaccessibility and bioavailability. A literature review was set up
to assess information on the relationship between in vivo relative
bioavailability (RBA) and in vitro bioaccessibility (IVBA) for many
metals.

Material and methods: A literature search of studies reporting
on in vivo bioavailability (i.e. RBA) and/or in vitro extraction test
results (i.e. IVBA) was conducted. The data were evaluated for evi-
dence of a relationship between IVBA tests and RBA of metals for
studies of paired samples. The study also assessed the components
or conditions of IVBA methods (e.g. pH, temperature, contact time,
agitation, particle size) that affect the results of extraction testing,
to understand what conditions provide conservative estimates of
bioavailability.

Results: 39 studies were reviewed; 22 of them included infor-
mation on both relative bioavailability RBA and IVBA. The data
provide strong evidence that soil- and site-specific factors exert
control on the bioavailability of metals from soil relative to metal
bioavailability from soluble forms. Strong predictive relationships
between RBA and IVBA emerged for Pb and As, with fewer available
data for Sb, Cd, Co, Ni, and Hg, and no data for Be and Se.

https://doi.org/10.1016/j.toxlet.2018.06.532

P01-15
Establishment of the human cell line activation
test (h-CLAT)

H. Kim 1,∗ , M.H. Hong 1, I.S. Jo 1, I. Ahn 3, T.S. Kim 1, J.H. Kim 1,
J.S. Yi 1, K.Y. Ko 1, J.Y. Kim 1, J.K. Lee 2, K.S. Park 1

1 Ministry of Food and Drug Safety, Toxicological Screening and
Testing Division, National Institute of Food and Drug Safety
Evaluation, Cheongju-si, Republic of Korea
2 Ministry of Food and Drug Safety, Toxicological Evaluation and
Research and Department, National Institute of Food and Drug Safety
Evaluation, Cheongju-si, Republic of Korea
3 Ministry of Food and Drug Safety, Division of Hazardous Substances
Analysis, Gyeongin Regional Office of Food and Drug Safety,
Incheon-si, Republic of Korea

A number of alternative methods targeting different key events
of the adverse outcome pathway (AOP) for skin sensitization
have been developed. However, it is difficult that any individ-
ual alternative methods fully replace currently accepted animal
tests since biological events are very complex after exposure
foreign substances. Therefore, many approaches, such like Inte-
grated Approaches to Testing and Assessment (IATA) and Defined
Approaches (DAs), to integrating information from multiple
alternative methods have been developed for overcoming the lim-
itations of the individual alternative methods.

The aim of this study is to establish the human Cell Line Activa-
tion Test (h-CLAT), which was newly approved as OECD TG 442E,
and find an applicable DA to skin sensitization hazard prediction
in Korea. The h-CLAT is an in vitro test method for identifying of
skin sensitisers and non-sensitisers in accordance with the UN GHS.
This method addresses the third key event of the skin sensitization
AOP by quantifying chemical-induced changes in the expression
of CD86 and CD54 protein markers on the surface of the human
monocytic leukemia cell line, THP-1. As a first step, we prepared
standard operating procedures (SOPs) for the h-CLAT on the basis
of the procedures suggested by OECD TG 442E and EURL ECVAM
DB-ALM protocol No. 158. To demonstrate technical proficiency
for the method, nine proficiency chemicals including 5 sensitis-
ers and 4 non-sensitisers listed in TG 442E were evaluated using
the method. The results of h-CLAT using those test chemicals were
identified to classify with the UN GHS categories and to be within
the range of acceptance criteria.

Moreover, we reviewed the internationally developed DAs and
analyzed each DA to compare accuracies. Therefore, we developed
a new sequential testing strategy for hazard identification to pre-
dict skin sensitization potency for the murine local lymph node
assay (LLNA) and human outcomes. The study results suggested
that the DAs would be a promising tool for increasing the accuracy
of skin sensitization assessment by addressing the limitations of
each alternative method.

Funding source: This research was supported by the grants
(16181MFDS521) from the Korean Ministry of Food and Drug Safety
in 2017.

https://doi.org/10.1016/j.toxlet.2018.06.533

https://doi.org/10.1016/j.toxlet.2018.06.531
https://doi.org/10.1016/j.toxlet.2018.06.532
https://doi.org/10.1016/j.toxlet.2018.06.533


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 7

P01-16
In vitro permeability assay using an epithelial
model of Caco-2/HT29-MTX/Raji-B cells:
enhancer aspects of a papain-cyclodextrin
complex

P.S. Lopes 1,∗ , F.G. Corazza 1, F.A.N. Nambu 1, J.V. Ernesto 1,
G.H.C. Varca 2, V.R. Leite-Silva 1, N. Andréo-Filho 1

1 UNIFESP, Departamento de Ciências Farmacêuticas, Diadema, Brazil
2 IPEN/CNEN, Centro de Química e Meio Ambiente, São Paulo, Brazil

The oral route is one of the main routes for administration of drugs,
however, the gastrointestinal tract is a hostile environment due to
pH variation, presence of several digestive enzymes and the intesti-
nal barrier that undermines the permeation of drugs. The aim of
this study was to evaluate the ability of papain complexed with �-
cyclodextrin to enhancer the permeation of furosemide, as a model
drug, in a triple co-culture of Caco-2, HT29-MTX and Raji cells.
Papain and the papain-�-cyclodextrin complex were evaluated at
0.3, 0.7 and 1.0 �M and the biophysical integrity of the cell layer
was evaluated by RET (Transepitelial Electrical Resistance) at 0, 4,
24, 48 and 72 hours. The epithelium was also stained using DAPI and
Alexa FluorTM 488 Phalloidin. HPLC was employed to quantification
of furosemide. The RET results at initial time for all the samples
and control were in a range of 267.63 to 318.28 �*cm2 and after
72 h this values were raised to a range of 365.14 to 492.64 �*cm2.
There was a decrease of RET after samples’ application, neverthe-
less, the results showed that the epithelium presents a recovery,
proportional to the time of cell replication, and that this recovery
occurs in all samples tested with no significant statistical differ-
ence. The RET recovery implies that papain, complexed or not,
was not able to kill the cells, corroborating the hypothesis that the
action mechanism is the disruption of the tight junction. In addi-
tion, the triple co-culture presents a higher resistance to papain
action, in comparison with the Caco-2 monolayer assays, empha-
sizing the importance of testing new drugs, potential candidates
for oral formulations, in epitheliums that faithfully mimics what
actually happens in in vivo systems. The fluorescent microscopy
observation of the cells stained with DAPI and the junctions stained
with Alexa FluorTM 488 Phalloidin, showed that co-culture exhibits
microvilli inherent to the intestinal tissue. The results obtained in
the triple co-culture model bi-directional transport experiments
confirmed the significant increase in furosemide transport indi-
cating the importance of the paracellular route. In conclusion, the
triple co-culture model was successfully standardized and papain
complexed with �-cyclodextrin acts probably over the tight junc-
tions enhancing the permeation of furosemide.

https://doi.org/10.1016/j.toxlet.2018.06.534

P01-17
Assay ready frozen THP-1 cells can be used like
a reagent in a human Cell Line Activation Test
(h-CLAT) to measure the skin sensitizing
potential of chemicals

V. Mazurov ∗ , J. Walbech, A. Loa, O. Wehmeier

acCELLerate GmbH, Hamburg, Germany

Recently a cell based in vitro model has have been approved by
the OECD (Test N◦ 442E) to assess the skin sensitizing hazard of
chemicals. One of the tests applied is the human Cell Line Activation
Test (h-CLAT) which uses monocytic THP-1 cells as a surrogate for
dendritic cells. These cells express CD86 and CD54 upon activation
through sensitizing molecules at subtoxic concentrations.

A major obstacle of the assay is the cultivation of the THP-1 cells.
The concentration rage at which skin sensitization can be measured
without significantly reducing viability, is very tight. A healthy and
highly viable culture of THP-1 cells is therefore of the essence.
THP-1 are known to recover badly from suboptimal cultivation or
cryopreservation. It usually takes at least a week of intensive care
until the cells regain an acceptable viability. Because the overall
fitness of the cells has a significant impact on their sensitivity to
sensitizers, reproducibility of the h-CLAT very much depends on
the cell culture quality and is therefore difficult to control.

We here present an optimized cryopreservation protocol for
THP-1 cells. These assay ready cells recover from cryostock at a
high and stable viability of greater than 90%. They can be applied in
a h-CLAT skin sensitization testing immediately after resuscitation.
No prior cultivation or passaging is required which eliminates the
cell culture factor from the assay. By applying different reference
substances like NiSO4 or DNCB we demonstrate the assay ready
frozen THP-1 are equally susceptible to skin sensitizers like cells
from a continuously passaged maintenance culture and provide a
better reproducibility.

https://doi.org/10.1016/j.toxlet.2018.06.535

P01-18
Human In Vitro models for respiratory
toxicology: evaluation of goblet cell hyperplasia,
mucus production, and ciliary beating assays

B. Gilbert 2,∗ , E. Hill 2, M. Aragon 2, S. Frentzel 1, J. Hoeng 1, S. Ito 3,
S. Ishikawa 3, J. Budde 4, A.G. Maione 5, P. Hayden 5, W. Fields 6,
B. Keyser 6, L. Haswell 7, D. Azzopardi 7, H. Behrsing 2

1 Philip Morris International, Neuchatel, Switzerland
2 IIVS, Inc, Gaithersburg, US
3 Japan Tobacco, Yokohama, Japan
4 ITL-Reemtsma Cigarettenfabriken GmbH, Hamburg, Germany
5 MatTek, Inc., Ashland, US
6 RAI Services Company, Winston-Salem, US
7 British American Tobacco, R&D, Southampton, UK

Robust non-animal models and assays for pulmonary toxicology are
required to make competent product development and risk assess-
ments for new materials requiring toxicity testing. Three in vitro
assays (goblet cell hyperplasia [GCH], ciliary beat frequency [CBF],
and MUC5AC quantitation) were evaluated for performance and
reproducibility. To assess these assays, 6 laboratories contributed
data using a common protocol utilizing IL-13 as an inducer of
adverse mucociliary-relevant tissue changes. MatTek EpiAirwayTM

and Epithelix MucilAirTM 3D tissue models were used to evaluate
endpoints using histology for GCH, software-based applications,
Cilia FA and SAVA, for CBF, and ELISA assay for MUC5AC. Continu-
ous 10 ng/mL IL-13 (GCH, MUC5AC) exposures or one hour 10 �M
procaterol (CBF) exposures prior to day 7 and 14 time-points were
included as positive controls. Quality control endpoints (e.g. adeny-
late kinase tissue content and trans-epithelial electrical resistance)
were also evaluated. Multi-fold increases (ranging from 2.6 to 33-
fold, and 1.5 to 238-fold) in MUC5AC-stained goblet cells were
measured in both tissue models after exposure with IL-13 after
7 and 14 days induction, respectively. For CBF, procaterol caused
a significant increase, and IL-13 elicited a significant decrease as
expected. However, the MUC5AC ELISA did not yield consistent
results when frozen apical rinse samples were thawed and assayed.
These results suggest these non-animal test systems may pro-
vide consistent, human-relevant data corresponding to key events
involved in respiratory disease. A streamlined protocol using these
controls will be applied toward additional testing. These assays,
utilized in a pragmatic manner with other in vitro assays have

https://doi.org/10.1016/j.toxlet.2018.06.534
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the potential to be included in a Reduced Risk Product assessment
framework.

https://doi.org/10.1016/j.toxlet.2018.06.536

P01-19
AllerCatPro – Prediction of protein allergenicity
potential from the protein sequence

S. Maurer-Stroh 1,∗ , N.L. Krutz 2, P.S. Kern 2, V. Gunalan 1,
M.N. Nguyen 1, V. Limviphuvadh 1, G.F. Gerberick 3,4

1 Bioinformatics Institute, Agency for Science, Technology and
Research, Singapore, Singapore
2 NV Procter & Gamble Services Company SA, Strombeek-Bever,
Belgium
3 The Procter & Gamble Company, Mason, US
4 GF3 Consultancy, Cincinnati, US

Due to the risk of inducing an immediate type (IgE-mediated) res-
piratory allergic responses, proteins intended for use in consumer
products must be investigated for their allergenic potential before
introduction into the marketplace. Previous FAO/WHO guidelines
for computational assessment of allergenic potential of proteins
based on single hexamer peptide hits and linear sequence window
identity thresholds produce a large number of proteins misclassi-
fied as allergens. We here describe the in silico model AllerCatPro,
which is an extension of the existing approach with updated short
peptide statistics as well as 3D surface comparison against known
allergens.

We created the most complete dataset of 5334 unique allergenic
protein sequences to date by determining the consensus among
the major databases from FARRP, COMPARE, IUIS, UniProtKB and
Allergome and manually curating unique entries for evidence of
allergenic potential. We extend the hexamer hit rule by removing
peptides with high probability of random occurrence measured by
sequence entropy as well as requiring 3 or more hexamer hits con-
sistent with natural linear epitope patterns in known allergens. This
is complemented with a Gluten-like repeat pattern detection. We
also switch from a linear sequence window similarity to a B cell
epitope-like 3D surface similarity window which becomes possi-
ble through extensive 3D structure modelling covering the majority
(76%) of allergens. In case no structure similarity is found, the deci-
sion workflow reverts to the old linear window rule.

Using a benchmark set of known allergens and likely non-
allergens sharing the same structural fold, we show that the 3D
epitope similarity method increased accuracy of classification by
2-fold compared to the classical linear window approach. The
adjusted hexamer hit approach led to a 6-fold reduction of false
positives. The overall accuracy of the method is 84% at highest
sensitivity with other current methods ranging from 55 to 74%.

AllerCatPro is a novel computational workflow considering the
sequence and 3D structure of proteins for a more comprehensive
assessment of the allergenic potential of proteins and thus a more
accurate prediction to improve the risk assessment process for Type
I allergy.

https://doi.org/10.1016/j.toxlet.2018.06.537

P01-20
Using the SENS-IS assay, to assess skin
sensitization hazard of commercial cosmetics
finished products

F. Cottrez , E. Boitel, H. Groux ∗

ImmunoSearch, Grasse, France

The safety of a cosmetic product can be substantiated through the
toxicological analysis on individual ingredients. Although satisfac-
tory toxicological data may exist for each ingredient of a cosmetic
product, it will still be necessary to conduct some toxicological test-
ing with the complete formulation to assure adequately the safety
of the finished cosmetic. One of the preferred skin sensitization
safety test today is the Human Repeated Insult Patch Test (HRIPT).
However the assay is now more and more widely criticized for
ethical reasons but also scientific relevance.

We therefore analyzed the possibility to use the SENS-IS assay
to assess skin sensitization hazard of finished products. The SENS-
IS assay is an in vitro assay that uses a 3D reconstituted human
epidermis model as test system and a genomic signature of 62
biomarkers as read-out. The genomic signature allows the discrim-
ination between irritation versus sensitization risks onto human
skin. To adapt the protocol of the SENS-IS assay developed for ingre-
dients a preliminary study was performed on 6 finished products
known to have induced skin allergic reactions. Using these finished
product we introduced two incubation period, one of 15 min fol-
lowed by the removal of excess of product and a post incubation
of 6 hrs and another without a washing step for a total incubation
time of 6 hrs and 15 min. Using that protocol 5 out of the 6 products
provided a positive response in the SENS-IS assay confirming the
human response. The 6th product was detected as widely irritant.

We used this modified protocol to test 21 cosmetics products
on the shelf from 15 different brands. 3 were dedicated to babies,
3 soaps (liquid or foam), 3 make-up removers, 3 body lotion, one
shaving gel and 10 body or facial skincare. Most of the products
were negative and the 3 products for babies completely negatives
(less than 2 sensitization biomarkers overexpressed). However, 3
finished products were slightly positive with one extremely pos-
itive (the shaving gel). Not surprisingly all the soap were irritant
except the one dedicated to babies.

We are currently extended our analysis to other cosmetic fin-
ished product (blushes, hair dyes. . .).

This analysis shows that the SENS-IS assay could be used to test
cosmetic products before or in replacement of human testing.

https://doi.org/10.1016/j.toxlet.2018.06.538

P01-21
Assessment of pre/prohaptens and surfactants
using the SENS-IS assay, to measure skin
sensitization potency

F. Cottrez ∗ , E. Boitel, H. Groux

ImmunoSearch, Grasse, France

The ability to identify chemicals that induce a skin sensitization
reaction is of high importance for the chemical and cosmetic
industry. The local lymph node assay (LLNA) was developed as a
practical option for assessing skin sensitization potential of chem-
icals as, i.e. provide a measure of relative sensitization potency,
an information of importance for the management of human
health risks. To evaluate skin sensitization potency but also to
be able to analyze products and mixtures of different solubil-
ity and physical states and mimic skin metabolism to identify
potential prehaptens and prohaptens we developed the SENS-IS

https://doi.org/10.1016/j.toxlet.2018.06.536
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assay using 3D reconstituted human epidermis. In this study 27
pre- and pro-haptens and 10 surfactants, including SLS, were ana-
lyzed. All 27 pre/pro- haptens provided true positive results in
the SENS-IS assay whereas only 13 were true positive in DPRA,
and a combination of DPRA, keratinosens and hCLAT using a 2
out of 3 weight of evidence approach, gave only a sensitivity of
81% (22 out of 27). Among the chemicals positively detected by
SENS-IS and not by combination of 3 assays were 3-aminophenol,
resorcinol, 2-methoxy-4-methylphenol, diethylenetriamine and
N,N-dibutylaniline. We also tested 12 non sensitizing surfactants,
although all but one of them gave a positive LLNA response. They
all gave a negative of very weak (not classified) response in the
SENS-IS assay. This study shows that the SENS-IS assay is suit-
able to classify the sensitization potency of pre/prohaptens and
surfactants.

https://doi.org/10.1016/j.toxlet.2018.06.539

P01-22
Skin sensitisation assessment of 2 biocide
formulations: comparison of 3 alternative
methods

S. Catoire 1,∗ , A. Thelu 1, B. Page 1, T. Creusot 1, S. Soum 1,
L. Beaudequin 1, B. Lopez 2, S. Martin 2, F. Bree 2, H.E. Ficheux 1

1 THOR Personal Care, In Vitro Toxicology, Compiegne, France
2 Eurosafe, Saint Grégoire, France

With the increasing prevalence of Allergic Contact Dermatitis
(ACD), reliable identification and evaluation of the sensitising
potential of new compounds is crucial. Recognising the problem
of extrapolation from animal models to human, as well as ethi-
cal and regulatory pressure to avoid the use of animal models for
safety testing, there is a need for the cosmetic industry to develop
alternative methods. Skin sensitisation is a complex mechanism
which involves different cell types, therefore a combination of var-
ious in vitro methods is required. Integrated testing strategies (ITS)
are expected to combine various information sources efficiently
in a quantifiable fashion to satisfy a regulatory safety assessment
requirement.

We have selected a battery of tests for skin sensitisation focused
on three in vitro methods that cover the first three Key Events (KE)
of the AOP with DPRA (OECD 442), h-CLAT (OECD 442E) and SENS-
IS. SENS-IS uses a reconstructed human skin model (RhE) avoiding
some specific limitations (solubility, metabolism. . .) which may be
encountered in other methods.

We present a case study evaluating skin sensitisation of a spe-
cific biocide, documented as a skin sensitiser (1A) but formulated
in 2 different ways: in solution (Formulation A) or with a carrier
used to modify the bioavailability of the molecule and to provide a
long lasting effect (Formulation B).

The first objective of the study was to compare the prediction of
each single test (DPRA, h-CLAT and SENS-IS) regarding the modified
formulation of the same compound. The second objective was to
investigate how the combination of the 3 tests are able to pick-up
the differences between the 2 formulations. In parallel, cytotoxicity
was measured in both cases.

The results for Formulation A for the 3 single tests were positive,
whereas Formulation B induced positive results with DPRA and h-
CLAT but a negative response with SENS-IS. Moreover, the dose
finding assay CV75 with h-CLAT was 5.05 and 134.45 �g/mL with A
and B respectively. The decreased bioavailability of B correlates not
only with a reduced cytotoxicity effect but also lower sensitisation
potential with SENS-IS.

The SENS-IS method, after topical application on a RhE, seems to
be the most appropriate method to forecast changes in sensitisation
potential due to modified bioavailability.

https://doi.org/10.1016/j.toxlet.2018.06.540
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The effect of diet-induced obesity on general
and explorative toxicity parameters in
Sprague-Dawley rats

J.M. Rojas 1 , F. Bolze 1, I. Thorup 1, J. Nowak 1, C.M. Dalsgaard 1,
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I. Sjögren 1, J.T. Jensen 2, M. Dalgaard 1,∗
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Maaloev, Denmark
2 CitoxLab Scantox A/S, Clinical Pathology and Analytical Chemistry,
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Employing disease models as an adjunct to the conventional
healthy animal in the safety evaluation of novel pharmaceuticals
has been recommended by regulatory agencies, when relevant. An
obese rodent model that closely mimics human obesity may result
in improved predictability and understanding of toxicities encoun-
tered with anti-obesity drug candidates. To establish the polygenic
diet-induced obese (DIO) Sprague-Dawley (SD) rat model for safety
testing, we generated historical control data encompassing stan-
dard and explorative toxicity parameters in both female and male
SD rats fed either a 45% Kcal high fat diet (HFD) or a normal chow
diet (NCD) for up to 33 weeks of age.

Following 29 weeks of HFD feeding, females and males achieved
an 8 and 9% increase in body weight, respectively, as well as a 2-
fold increase in whole-body fat mass compared to animals on NCD,
indicating that these animals were obese. The obese phenotype
was associated with the development of metabolic derangements
i.e. hyperleptinemia, hyperinsulinemia, insulin resistance, and mild
dyslipidemia. The histological examination revealed that HFD feed-
ing induced hypertrophy in brown fat, as well as subcutaneous
white fat, and adipocyte accumulation was found in pancreas,
skeletal muscle and the parotid salivary glands. In the liver, a mild
micro- and macrovesicular fatty change was seen. DIO rats exhib-
ited an increased incidence of chronic progressive nephropathy,
whereby females were most affected. �CT analysis of the proximal
tibia metaphysis revealed that HFD-feeding induced expansion of
the bone marrow area coupled with trabecular bone loss. The tra-
becular loss was also reflected in the histological examination. In
males on HFD, circulating levels of follicle-stimulating hormone
and luteinizing hormone were attenuated, and a slight reduction
in testosterone was accompanied by a decreased weight of left
epididymis. There was no difference in reproductive hormones or
estrus cycle length when comparing females on HFD with females
on NCD.

Altogether, SD rats fed a HFD developed an obese phenotype
that has similarities with polygenic human obesity. Thus, our data
in the DIO SD rat suggest that this disease model may be useful as
an adjunct to healthy normal weight rodents in safety testing of
anti-obesity drug candidates.

https://doi.org/10.1016/j.toxlet.2018.06.541

https://doi.org/10.1016/j.toxlet.2018.06.539
https://doi.org/10.1016/j.toxlet.2018.06.540
https://doi.org/10.1016/j.toxlet.2018.06.541


ARTICLE IN PRESSG Model

10 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

P01-24
Creation of a stable and highly functional
pluripotent stem cell derived hepatocyte model
for drug metabolisation and toxicity screening
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Leuven, Belgium
2 University of Konstanz, The Doerenkamp-Zbinden Chair of in-vitro
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3 Janssen Research and Development, Beerse, Belgium

As in vitro hepatic and/or in vivo models cannot fully predict
liver injury caused by chemicals, high drug attrition still occurs
at different stages of their development. It is believed that hepa-
tocyte progeny from induced pluripotent stem cells (iPSCs) may
enhance drug discovery and development by providing simple,
reproducible, and economically effective tools for compound tox-
icity screening. However, most PSC derived hepatocyte models do
not have a mature hepatocyte metabolism, and have poor metaboli-
sation and toxicity of different chemicals assessment features.

Therefore, we established a robust differentiation protocol for
the generation of hepatocyte-like cells from iPSCs, wherein PSC
were engineered to overexpress 6 transcription factors (named
HC6X) and metabolomics-based medium optimisation (named
M5). The HC6X-PSC hepatic progeny is gluconeogenic, use oxida-
tive phosphorylation for production of energy and building
blocks, and have a very high ability to metabolize benzyloxy-
trifluoromethylcoumarin (BCF; ± 30 percent of primary human
hepatocytes, which is stable for ± 2 weeks).

We tested if the optimised HC6X-progeny in M5 would be suit-
able for toxicity and metabolisation studies of different chemical
entities. The initial studies assessed the acute (24 h) toxicity of
APAP, Amiodarone and Rotenone showing IC50 similar to freshly-
isolated PHH. In addition, we assessed the effects of 30 known or
non-hepatotoxicants, provided by the EU-ToxRisk consortium and
11 compounds from the MIP-DILI consortium list (Sison-Young R,
Arch Toxicol. 2), demonstrating that the HC6X/M5 hepatic progeny
can correctly identify hepatotoxins. We also demonstrated that
HC6X-progeny in M5metabolises midazolam at levels similar to
PHHs, and dextromethorphan, phenacetin, and tolbutamide at lev-
els also seen in e.g. HepaRG cells.

To conclude, we developed a robust culture system consisting
of hepatic progeny that displays long term stable metabolisation
characteristics and accurate toxicity detection of known hepato-
toxicants, at levels similar to freshly isolated hepatocytes. Further
studies are ongoing, in house, to validate the suitability of the
current improved progeny for metablisation and screening of hep-
atotoxicants in both single and multiple exposure settings, and to
have the assay validated by partners from EU-ToxRisk.

Acknowledgement
This project has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant
agreement No 681002.

https://doi.org/10.1016/j.toxlet.2018.06.542

P01-25
Empowering scientists in the use of new
approach methods: the Altertox Academy
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There is nowadays a great number of new approach methods (NAM)
developed by CROs, SMEs as well as validated Test Guidelines
under OECD or ICATM collaboration. Non-animal testing meth-
ods and approaches such as in vitro, in silico, in chemico, adverse
outcome pathways (AOPs) and read-across fall under the cate-
gory of NAM. International and governmental bodies such as the
European Commission and EU Member States are supporting the
training in NAMs through research programs and/or grants. Avail-
able resources (webinars, scientific meetings, customized trainings,
e-learning) also regularly provide an insight and training into these
new test methods.

Despite active efforts, the dissemination of the emerging tech-
nologies can be further improved. Altertox Academy has made it
its aim to bridge the gap between NAMs and the scientific commu-
nity for their intensive use and implementation in EU countries and
worldwide. The Academy organises tailor-made training activities
linked with the 3Rs (reduction, refinement, replacement) princi-
ples, on various topics in laboratories on in vitro and/or in silico
methods for researchers and toxicologists of various levels of expe-
rience. The format of a two-days training session consists of 20%
lectures and 80% hands-on-training in the lab. Starting from 2016,
Altertox Academy (previously operating under CAAT Academy) has
held more than 20 trainings in Europe with 30 unique partners,
having an approximate number of 200 lab and webinar partici-
pants of 20 different nationalities. Additionally, Altertox intends
to build on this accumulated experience to act as work package
leader in training under EU framework research programs and/or
similar activities.

Thanks to empowering and familiarising toxicologists with the
new technologies as well as critical steps which are not described in
OECD Test Guidelines, Altertox Academy intends to share through
this presentation feedback and lessons learned for the scientific
community and therefore facilitate organising and performing suc-
cessful trainings elsewhere.

https://doi.org/10.1016/j.toxlet.2018.06.543
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Addressing the exceptions of the limitation for
highly volatile substances in the Short Time
Exposure (STE) test method and the predictive
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T. Abo 1,2,∗ , T. Yuki 1, R. Xu 1, D. Araki 1, Y. Takahashi 1,
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The Short Time Exposure (STE) test method is an in vitro alternative
test method for eye irritation potential based on the cytotoxicity
by 5-min treatment in Statens Seruminstitut Rabbit Cornea (SIRC)
cells. The STE test method has been adopted as test guideline (TG)
491 by the Organisation for Economic Co-operation and Devel-
opment (OECD) and has an applicability domain. When used to
identify Globally Harmonized System (GHS) No Category, one of the
chemical categories that is excluded from the applicability domain
of the STE test is highly volatile substances with a vapor pressure

https://doi.org/10.1016/j.toxlet.2018.06.542
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over 6 kPa (25◦C). Possible reason why these substances are not
part of applicability domain is due to volatilization of substance
during test solution preparation or exposure. The standard proto-
col employs saline as the solvent and the reduction of the highly
volatile substances in solvent may lead to the false negatives. Min-
eral oil has the potential to lower the volatilization rate of the test
substances compared to saline. We evaluated the ability of mineral
oil to be a better solvent for highly volatile substances.

Highly volatile substances, which GHS classification was
assigned to, were correctly evaluated without false negatives by
the modification of the solvent to mineral oil. The predictive per-
formance was improved from the accuracy 75.0% (15/20), the false
positive rate 7.7% (1/13) and the false negative rate 57.1% (4/7) to
the accuracy 95.0% (19/20), the false positive rate 7.7% (1/13), and
the false negative rate 0% (0/7) respectively.

Furthermore, the predictive performance was verified including
highly volatile substances by the modification of the protocol. The
substance dataset was constructed in reference to STE Summary
Review Document by the National Toxicology Program Interagency
Center for the Evaluation of Alternative Toxicological Methods
(NICEATM, 2013) and the Draize eye test Reference database by
Barroso et al. (2017). As a result, the accuracy 86.6% (194/224), the
false positive rate 18.8% (27/144), and the false negative rate 3.8%
(3/80) were obtained. In conclusion, the STE test method is suitable
for testing the GHS NC substances.

https://doi.org/10.1016/j.toxlet.2018.06.544
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Non-alcoholic fatty liver disease (NAFLD) is the most prevalent liver
disease affecting around 30% of the population and can progress to
non-alcoholic steatohepatitis (NASH), defined as hepatic steatosis
with inflammation. NASH frequently further develops into fibrosis,
liver cirrhosis and liver failure. At present, there is no approved, safe
therapy for NASH. Thus, we aimed to develop a human-relevant
in vitro 3D Liver NASH model of lipotoxic stress which incorporates
key physiological aspects such as steatosis and inflammation, and
to characterize this model by comparing it to established mech-
anisms for pathogenesis of NASH. 3D Human Liver Microtissues
were engineered to incorporate all the relevant primary human
liver cell types responsible for the development of the disease:
hepatocytes, HSCs, Kupffer cells (KCs) and liver endothelial cells
(LECs). The resulting 3D InSightTM Human Liver NASH model has
been induced by treatment of the tissues with Free Fatty Acids (FFA)
such as Oleic and Palmitic acids (2:1) and LPS for 7 days. We charac-
terized the tissues under basal and induced liver disease conditions
on morphological and phenotypic levels by Nile-Red staining of
incorporated lipids using confocal microscopy, immunostaining
techniques, gene-expression analysis, and cytokine release. Expo-
sure of the tissues to FFA plus LPS for 7 days induced high lipid
accumulation in the hepatocytes as well as increased secretion
of IL-6 and TNF-a. We demonstrated that FFA plus LPS treatment
induced liver inflammation and steatosis in vitro, making this model
an ideal tool for anti-NASH drug discovery.

https://doi.org/10.1016/j.toxlet.2018.06.545
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Epidemiological and animal studies are both widely used
approaches to investigate potential adverse effects and conduct risk
assessments on inhaled chemicals and drugs. However, results are
not always easy to interpret or reproduce and such experiments
are extremely expensive, time consuming and use large numbers
of animals. For these reasons, there is an increasing demand for
the development of alternative approaches that make use of reli-
able in vitro inhalation testing strategies. These testing methods
will require realistic lung cell models, realistic inhalation exposure
systems and proper dosimetry techniques to increase the predic-
tive ability of in vitro cell models and therefore accelerate the shift
from in vivo towards in vitro testing.

The exposure of mammalian cells or tissues to substances which
can be inhaled is frequently performed under submerged condi-
tions. In doing so, the test substances are dispersed in liquid and
dosed into the culture medium. A more realistic direct exposure
of mammalian cells or tissue to airborne substances is exposure at
the air-liquid interface (ALI) where the cell systems are not covered
with culture medium.

The Vitrocell® 24/48 in vitro inhalation exposure system has
been specifically designed and engineered to perform a complete
dose-response profile in one run. Seven dilutions with 6 inserts
each, are used for exposure to the substances and 6 inserts in the
same system for clean air control.

Experiments with the 24/48 system were performed to test
different humidification systems, trumpet heights, flows and cell
models (A549, CALU3) to find the most optimal settings for
nanoparticle exposure. The results of these experiments will be
presented as well as the results of the exposure of CALU3 cells to
nano-Y2O3.

The Vitrocell 24/48 In Vitro Inhalation Exposure Systems was
awarded to VITO by the PETA International Science Consortium.

https://doi.org/10.1016/j.toxlet.2018.06.546

P01-29
Use of tests on Hydra attenuata and
Brachydanio rerio for teratogenic tests
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H. Rzodeczko
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Toxicological Studies, Psczyna, Poland

The study was an attempt of use of Hydra attenuata and Brachy-
danio rerio embryos in teratogenic studies. The aim was to
determine the suitability of these species in a such type of
researches.

Eleven active substances with different degree of influence
on prenatal development were used in experiment: two with no
adverse effect, five with toxic effect visible only at the level of
maternal toxicity and four approved as strong teratogenic.

Hydra attenuata. Acute toxicity and regeneration test were per-
formed for each substance. Tests were performed to obtain LC50
value for acute and for regeneration test. The teratogenic index
was estimated. Depending on the size of the index, the appropriate
point value was assigned: 0, 1 or 2 (0 – no teratogenic potential, 2
– higher teratogenic potential).

https://doi.org/10.1016/j.toxlet.2018.06.544
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Brachydanio rerio embryos. Different concentrations of sub-
stances were used in the study to observe the concentration with
toxic effects and lethal effects. The occurrence of changes and lethal
effects in the embryos was marked as an appropriate point values.
Lack of changes was valued as 0. The maximum point value for
changes and lethal effects could be 4.

Study reveals usefulness of these animals as indicators for strong
teratogenic. The final grade for each substance was the sum of the
points in the study on hydra and embryos. All used in experiment
strong teratogenic reached the highest value of points (5 to 6) and
are clearly higher then values of substances defined as not terato-
genic (0 to 4).

https://doi.org/10.1016/j.toxlet.2018.06.547

P01-30
A new in vitro approach to verify the
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The moisturization of the skin is regulated by the balance between
transepidermic water loss and skin ability to retain water.

This function is supported by the presence of specifical struc-
tures: Occludin which play a key role in maintaining the cutaneous
barrier integrity in thight junctions, and Aquaporins (AQPs), trans-
membrane proteins that facilitate the transport of water and, in
some cases, small solutes across cells membrane.

Aim: According to the results of in vivo moisturizing tests cur-
rently used, the aim of this study was to develop an in vitro
moisturizing test based on the evaluation of expression of Occludin
and AQP3.

Methods: Topical products, tested in vivo and in vitro, were
divided into 3 different categories based on the active moisturizing
ingredients: category A containing Glycerin and hyaluronic acid,
category B containing Urea and category C containing Glycerin.

For the in vivo study the products were applied on 20 female
subjects and the instrumental measurements of moisturization was
performed before the beginning of treatment (T0, basal value) and
after 15–30 min for short-term evaluations or after several days of
continuous use for long-term evaluations.

The in vitro tests were performed on keratinocytes (HaCaT) cell
cultures.

The cells were treated for 24-48-72 hours with concentrations
of products choosen after a preliminary cytotoxicity test (MTT): the
expression of AQP3 and of occludin was evaluated by western blot.

To further support the results the expression of AQP3 was also
evaluated by immunofluorescence.

Results and conclusions: We observed an increase in skin mois-
turization in vivo for all tested products (particularly evident for
category A and B products).

This effect is confirmed by in vitro evaluation of AQPs and
occludin expression.

The expression of AQPs in the cells treated with the category
A products coincide with the increase in short-term in vivo mois-
turization (increase of 44% after two hours from the application on
skin). The slowest in vitro action of category B products reflects the
long-term effects obtained following in vivo treatment for 7 days.

The moisturizing power of category C products was observed
only in vivo, probably due to the humectant characteristics of glyc-
erol present in them rather than to the increase of the expression
of specific moisturizing markers.

https://doi.org/10.1016/j.toxlet.2018.06.548
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Effects of exposure to e-cigarette aerosols
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buccal and small airway cultures: a systems
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Considerable attention has been given toward the potential
reduced harm of e-cigarettes (e-cigs). Most in vitro studies have
focused on testing e-liquid formulations directly on submerged 2D
cultures. Here, we examined the effects of exposure to whole e-
cig aerosols compared with mainstream cigarette smoke (CS) using
human 3D organotypic cultures. Buccal and small airway cultures
were exposed at the air-liquid interface over 28 minutes to 112
puffs of undiluted aerosols generated from an e-vapor product con-
taining various e-liquids (“CARRIER” containing humectants alone,
“BASE” containing humectants and 4% nicotine, and “TESTMIX”
containing humectants, 4% nicotine, and flavors) or to diluted CS
in Vitrocell® exposure systems. Nine independent exposures were
conducted for a robust assessment. Concentrations of the deposited
nicotine and carbonyls in the exposure chamber were measured
each time as markers of exposure. Biological endpoints investi-
gated include histology, cytotoxicity, inflammatory mediators, and
gene microarray. Alterations in morphology and cytotoxicity were
not observed in buccal cultures exposed to undiluted e-cig aerosols
despite the two-fold nicotine deposition compared with the depo-
sition following exposure to diluted CS. Similarly, morphological
changes and cytotoxicity were not observed in small airway cul-
tures following e-cig aerosol exposure despite the 10-fold nicotine
deposition compared with the deposition after exposure to diluted
CS. In both cultures, many more inflammatory mediators in the
media were altered following exposure to CS than were altered
following exposure to e-cig aerosols. In addition, compared with
exposure to e-cig aerosols, CS exposure showed greater biologi-
cal impact in global gene expression, including mechanisms of cell
fate, proliferation, stress, and inflammatory response. In small air-
way cultures, these impacts reverted to the levels of the air-exposed
cultures after 24 hours. In small airway and buccal cultures, e-cig
aerosols caused significantly less impact than CS. Overall, we did
not observe significant differences between the exposure to CAR-
RIER, BASE, and TESTMIX aerosols.

https://doi.org/10.1016/j.toxlet.2018.06.549
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Schmidtea mediterranea as an alternative model
to predict carcinogenicity via its stem cell
responses

J.-P. Ploem ∗ , A. Wouters, M. Willems, T. Artois, K. Smeets

Hasselt University, Zoology: Biodiversity and Toxicology, Diepenbeek,
Belgium

The need for accurate and reliable carcinogenicity assays poses
an important issue within the field of toxicology. Cancer risks are
directly associated with the underlying mechanism of action of the
carcinogenic compound (e.g. genotoxicity). Currently, the two-year
rodent carcinogenicity assay is still considered as the gold-standard
regarding risk assessment of potential carcinogens while the ‘Three
Rs’ principle already exists for over half a century.

The presented assay provides a simple, rapid and inexpensive
alternative method to predict genotoxicity, but also has the poten-
tial to identify non-genotoxic compounds. Our methodology entails
the exposure to carcinogens during the early stages of the regenera-
tion process of a flatworm species: Schmidtea mediterranea. During
this regeneration period, the tested compounds induced unique
stem cell responses for the different types of carcinogens (non-
genotoxic vs genotoxic).

We are currently assessing more compounds to further validate
the concept, i.e. a decrease proliferating stem cells during geno-
toxic exposure and an increase during non-genotoxic exposure. In
addition, we focused on direct and indirect DNA damage and the
activated repair mechanisms of the pluripotent stem cells. Here we
observed differences, between genotoxic and non-genotoxic expo-
sure, in the type and regulation of the activated repair gene groups,
e.g. non-homologous end joining (ku80), homologous recombina-
tion (rad51), post-replicative DNA mismatch repair system (msh2)
and nucleotide excision repair (xpa).

Unique responses will be evaluated with more compounds
as additional parameters to increase the assay’s sensitivity and
specificity. The ability to discriminate between genotoxic and
non-genotoxic compounds in an in vivo alternative model, makes
this approach unique and with significant added value to current
research and drug development.

https://doi.org/10.1016/j.toxlet.2018.06.550
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RE-Place: Centralizing information on
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promote knowledge sharing
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Over the last years, many valuable in chemico, in silico and in vitro
methods have been developed as alternatives to animal testing.
Unfortunately, expertise on these alternative methods is scattered
and communication on the topic between experts from different
domains is often limited. In order to enhance the use of alterna-
tive methods to animal testing, knowledge sharing needs to be
facilitated between the different parties involved (e.g. scientists,
regulators, industry, ethical committees, animal welfare bodies and
the general public).

In 2017, the RE-Place project was initiated by the Flemish and
Brussels government with the aim to centralize the existing knowl-
edge and increase its accessibility. The project, coordinated by

Sciensano and the Vrije Universiteit Brussel (VUB), consists of 3
phases: (1) an exploratory survey to identify the experts that are
currently using alternative methods to animal testing, (2) the set-
up of an online tool (available via www.RE-Place.be) to collect
details on alternative methods, and (3) the compilation of an easy
to use database, integrating all the acquired information. The RE-
Place project is performed in close collaboration with the members
of the RE-Place steering committee, which consists of experts from
academia, industry and government institutions, all with extensive
know-how in the field of alternative methods to animal testing.
Additionally, the European Union Reference Laboratory for alter-
natives to animal testing (EURL-ECVAM) is also involved in the
RE-Place project.

Since the online tool is publicly accessible, experts from differ-
ent fields will be able to connect with peers and engage in new
collaborations. Centralization of the information will also allow
to identify the gaps in the field of alternative methods to animal
testing. Importantly, in a later stage, the RE-Place database can be
further extended to a broader platform, stimulating the develop-
ment of new techniques, methods and strategies and supporting
education and training.

https://doi.org/10.1016/j.toxlet.2018.06.551
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In recent years zebrafish, Danio rerio, embryos have gained a lot
of interest as a “whole organism” for toxicity assessment of xeno-
biotics. Aside from diverse economic, morphological and handling
advantages, it is a non-protected organism until the free-feeding
stage (120 hours post fertilization) according to the EU Directive
2010/63/EU. However, the biotransformation capacity at such an
early stage of development (embryonic and larval stage) remains a
point of debate. This is important for a correct interpretation of tox-
icity data and especially when these data are used for human risk
assessment. We, therefore, thoroughly characterized the transcript
profiling of enzymes involved in the metabolism of xenobiotics, i.e.
phase I (CYPs 1A; 1B1; 1C1; 1C2; 2K6; 3A65; 3C1) and phase II
(UGT1A; SULT1) enzymes, and one drug transporter related pro-
tein (ABCB4) from 1.5 hours post fertilization (hpf) until 32 days
post fertilization (dpf). RNA was extracted (NucleoSpin® RNA) from
10–30 whole organisms, depending on the age, from each of the 25-
time points between 1.5 hpf to 32 dpf and stored upon use at −80 ◦C.
After synthetizing cDNA from the RNA samples (Thermo Scientific
RevertAid H Minus First Strand cDNA Synthesis Kit), quantitative
PCR was performed with Brilliant II SYBR® Green QPCR Master Mix
on a Mx 3005P instrument (Agilent technologies). The mRNA rel-
ative quantity of each time point was determined after analysis
of the raw data by the qBase+ software. Generally, low CYP1-3
expression was noted during zebrafish organogenesis until 3 dpf,
followed by an increase of expression after this stage of develop-
ment. An interesting pattern of expression of the CYP1-3 enzymes
was also observed between 6 and 10 dpf. The expression of the
phase II enzymes and the drug transporter seemed to be low as well

https://doi.org/10.1016/j.toxlet.2018.06.550
http://www.re-place.be/
http://www.re-place.be/
http://www.re-place.be/
http://www.re-place.be/
https://doi.org/10.1016/j.toxlet.2018.06.551


ARTICLE IN PRESSG Model

14 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

until 3 dpf, highly increased from 3 dpf until 5 dpf and then stabi-
lized. The correlation of the gene expression data with the activity
of these proteins, in both the early phase of development and the
adult stage of the zebrafish, will allow for a better interpretation of
toxicity studies in this model.

https://doi.org/10.1016/j.toxlet.2018.06.552

P01-35
Optimization of the use of Caenorhabditis
elegans (C.elegans) in reproductive toxicology
testing: describing the most optimal test
conditions

S. Bressers 1 , M. Tobor-Kaplon 2, M. Beekhuijzen 3,∗

1 Radboud University, Biomedical Sciences, Nijmegen, Netherlands
2 Charles River, Environmental toxicology, ‘Hertogenbosch,
Netherlands
3 Charles River, Developmental and Reproductive toxicology,
‘Hertogenbosch, Netherlands

Caenorhabditis elegans (C. elegans) has emerged as a promising alter-
native model to screen for reproductive toxicity as it is cheaper and
faster when compared to tests with mammals, and complies with
the ethical framework of the 3R’s (i.e. reduce, refine and replace).
The methodology of these reproductive toxicity assessments used
by different groups varies greatly. To set a first step in implementa-
tion of the C. elegans model for reproductive toxicity, optimization
of procedures is crucial. A thorough analysis of published peer-
reviewed manuscripts on the use of C. elegans in reproductive
toxicity testing was performed to compare and select all test con-
ditions that are considered to impact the outcome. Test conditions
such as selection of nematode strain, culture media (liquid or agar),
temperature, developmental stage at the start of exposure, use of
solvent, method of exposure (agar vs liquid medium; in presence or
absence of bacteria), exposure length, type of test chamber, avail-
ability of food (alive, inactivated or in absence of food) and study
endpoints were reviewed. Based on the outcome of this literature
review and based on in-house experimental data, the most optimal
study design regarding these test conditions is proposed.

https://doi.org/10.1016/j.toxlet.2018.06.553

P01-36
An ontology-driven testing strategy for
developmental neurotoxicity testing

E.V. Hessel ∗ , Y.C.M. Staal, A.H. Piersma

National Institute for Public Health and Environment (RIVM), Center
for Health Protection (GZB), Bilthoven, Netherlands

Developmental neurotoxicity entails one of the most complex areas
in toxicology. Development of the central nervous system involves
many different events within strictly controlled timeframes cre-
ating a different windows of vulnerability to chemical exposure.
OECD test guidelines for DNT (TG 426 and 443) are only occasion-
ally carried out and the predictivity of these in vivo animal tests for
human health effects may be limited.

A multitude of alternative models have been developed over
the years, providing insights into mechanisms of action. The devel-
opment and application of mechanistically driven in vitro tests in
relation to human brain development may facilitate a better pre-
diction of DNT in the future. Given the impressive progress in
mechanistic knowledge of human biology and toxicology, the time
is right for a conceptual approach for designing testing strategies
that cover the integral mechanistic landscape of developmental

neurotoxicity. The ontology approach provides a framework for
defining this landscape, upon which an integral in silico model for
predicting toxicity can be built. It subsequently directs the selection
of in vitro assays for rate-limiting events in the biological network,
to feed parameter tuning in the model, leading to prediction of
the toxicological outcome. Therefore, we generated an overview
of fundamental processes of neurodevelopment based on existing
knowledge of the biology of neural tube formation, brain develop-
ment and neural specification. In parallel, we made an inventory of
the wealth of alternative methods in this area and matched them
to biological processes that need assessment for chemical pertur-
bation. This inventory will feed into an ontology approach towards
building comprehensive testing strategies for developmental neu-
rotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.554
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Toxicogenomics of gold nanoparticles in a
marine fish: linkage to established biomarkers

M. Teles1,2,∗ , F. Reyes-López 2, J.C. Balasch 2, L. Guimarães 1,
L. Tort 2, M. Oliveira 3

1 CIIMAR-Interdisciplinary Centre of Marine and Environmental
Research, Porto, Portugal
2 Universitat Autònoma de Barcelona, Department of Cell Biology,
Physiology and Immunology, Bellaterra, Spain
3 University of Aveiro, Department of Biology, Aveiro, Portugal

In the present study, we used a species-specific enriched oligonu-
cleotide microarray platform (SAQ), previously developed by our
research group, in order to explore the underlying effects of gold
nanoparticles (AuNP, spheres, citrate coated, ∼40 nm) on gilthead
sea bream (Sparus aurata) hepatic function after a short-term
(24 h) waterborne exposure to two distinct concentrations (0.5 and
50 �g/L) of AuNP. The transcriptional profile was complemented
with outcomes at higher levels of biological organization, including
biotransformation, antioxidant response, hepatic health indicators,
and oxidative damage indicators. The DNA damaging potential of
AuNP was assessed in whole peripheral blood using the comet
assay (measures DNA strand breaks) and by scoring the erythro-
cytic nuclear abnormalities, ENA (measures chromosome damage).
Chemical quantification of AuNP was carried out in water samples
and in S. aurata livers. The overall genetic response showed a dif-
ferential hepatic transcriptional profile both in the number and
intensity of differentially expressed genes (DEG). Concerning the
functional pathways affected, main changes were found for genes
encoding proteins involved in the response to xenobiotics, oxidore-
ductase activity, immunomodulation, DNA repair and programmed
cell death types I and II. Moreover, AuNP exposure caused DNA
strand breaks, however, without causing clastogenesis or aneuge-
nesis, since no ENA were detected. In light of results obtained for
all the organizational levels of response assessed, we conclude that
short-term waterborne AuNP exposure has a direct effect on gene
expression modulation in S. aurata liver and affects genetic function
in fish.

https://doi.org/10.1016/j.toxlet.2018.06.555
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P02-02
Analytical and biological evaluation of
cardiotoxicity safety biomarkers in the rat

T. Erkens ∗ , J. Boonen, N. Goeminne, A. Kegels, L. Van den Sande,
D. Marien, M. van Heerden, P. Vinken

Janssen Research & Development, a division of Janssen
Pharmaceutica NV, Beerse, Belgium, Preclinical Development &
Safety, Beerse, Belgium

Cardiotoxicity is a major concern during drug development and is
a major factor contributing to the high attrition rates. Therefore,
it is important to detect cardiac toxicity early in the development
process. The objective of our study was to evaluate both the analyt-
ical and biological performance of a number of safety biomarkers
related to cardiotoxicity in a preclinical setting.

Serum samples were collected from male Sprague-Dawley rats
prior to treatment, and 6 and 24 hours after subcutaneous sin-
gle dose administration of 0.1–0.5 mg/kg isoproterenol, which is
a known cardiotoxic agent. The Milliplex rat cardiac injury panel
1 (Merck) was used to measure troponin I (TnI), troponin T (TnT),
creatine kinase muscle (CKM), fatty acid binding protein 3 (FABP3),
follistatin-like protein 1 (FSTL1), myosin light chain 3 (MYL3) and
tissue inhibitor of metalloproteinase-1 (TIMP-1). Rat myoglobin
was analyzed by Elisa (Life Diagnostics), and a panel of miRNAs was
analyzed using the Abcam-FirePlex technology on a flow cytometer.

For the multiplex and myoglobin immunoassays, precision was
considered acceptable for all parameters with a CV often below
20%. Parallelism was observed, although the minimum required
dilution varied with parameter in the multiplex panel. For the Fire-
Plex miRNA assay, precision results improved with signal intensity,
with a CV generally ranging between 10–30%.

Histopathology confirmed the presence of heart damage in the
treated rats. Except for FSTL1, increases were detected in all param-
eters from the cardiac multiplex panel and myoglobin, with fold
changes ranging between 2- and more than 150-fold, depending
on the biomarker. In addition, an increase in a number of miRNAs
was observed, such as miR-133a-3p, 133b-3p, 1-3p and 208a-3p.

Although our experience with the FirePlex platform at this stage
is limited and the data in this study are based on a small sam-
ple size, results indicated that the evaluated assays are able to
detect biomarker changes in rats with cardiac injury. Therefore,
these safety biomarker assays could be of added value in preclinical
toxicity studies in the rat.

https://doi.org/10.1016/j.toxlet.2018.06.556
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A multi-biomarker assessment of chronic
effects of an insecticide Acer 35 EC on Nile
Tilapia Oreochromis niloticus under laboratory
conditions

N.L. Guedegba 1,2,∗ , I. Imorou Toko 2, P.T. Agbohessi 2, N. Oreins 1,
L. François 1, O. Palluel 5, S.N.M. Mandiki 1, J.-M. Porcher 5,
B. Schiffers 3, M.-L. Scippo 4, P. Kestemont 1

1 University of Namur, Research Unit in Environmental and
Evolutionary Biology (URBE)/Institute of Life-Earth-Environment
(ILEE), Namur, Belgium
2 University of Parakou, Research Laboratory in Aquaculture and
Aquatic Ecotoxicology (LaRAEAq), Parakou, Benin
3 University of Liege, Gembloux Agro-Bio Tech/Pesticide Science
Laboratory, Gembloux, Belgium
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Analysis, Fundamental and Applied Research for Animals & Health
(FARAH), Sart-Tilman, Belgium
5 INERIS, Unité Stress Environnementaux et BIOsurveillance des
milieux aquatiques, Verneuil en Halatte, France

Acer 35EC is an insecticide (20 g/L lambda-cyhalothrin + 15 g/L
acetamipride) widely used in pest control in many West African
countries, and particularly in cotton culture in north Benin. This
study aimed to investigate under laboratory conditions the chronic
effects of Acer 35EC on Nile tilapia Oreochromis niloticus using
a multi-biomarker approach. For this purpose, juveniles of Nile
tilapia were exposed to sublethal concentrations of Acer 35 EC (0,
1 and 10% of LC50- 96 h value) in glass aquariums during 56 days.
After 0, 28 and 56 days of exposure, several biomarkers includ-
ing enzymatic activities (indicators of detoxification and oxidative
stress, neurotoxicity and immune responses) sex steroid hormones
(Testosterone, Estradiol-17� and 11-Keto-testosterone) and histo-
logical alterations of liver, kidney and gonads were measured in
males and females. A biomarker index (BI) was calculated based on
the Integrated Biological Responses (IBR) developed by Beliaeff and
Burgeot (2002).

The results showed that Acer 35EC reduced cholinesterase activ-
ity in muscle of treated fish of both sexes. Females displayed high
levels of testosterone and 11-Keto-testosterone after 56 days of
exposure. Regarding immune biomarkers, intracellular superoxide
anion production decreased in both sexes after 56 days of expo-
sure. Oxidative stress biomarkers were not influenced by Acer-35EC
exposure, regardless of sex and concentration. However, liver of
females exposed to 1 and 10% of LC50- 96 h value was significantly
(p < 0.05) affected after 28 and 56 days of exposure, while no his-
tological differences were recorded in kidney between control and
exposed fish. After 28 and 56 days of exposure, significant differ-
ences in the ovarian development were observed as the diameter
of vitellogenic oocytes in exposed females differed from the one of
the control females, indicating an increase in oocyte growth during
the 1st month of exposure to Acer-35EC, followed by a regres-
sion during the 2nd exposure period. No differences were recorded
in male gonads. Based on a large set of biomarkers, the insecti-
cide Acer-35EC seems to impair different physiological functions in
Nile tilapia juveniles on a time-dependent manner, with a stronger
impact on females than in males.

https://doi.org/10.1016/j.toxlet.2018.06.557
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P02-04
The effects of a plant-based antidiabetic
supplement on the antioxidant capacity of
serum and serum lipoproteins in diabetic rats

A. Ungurianu 1,∗ , O. Şeremet 2, D. Grădinaru 1,
C. Ionescu-Tîrgovis,te 3, R. Dănciulescu-Miulescu 3, D. Margină 1

1 “Carol Davila” University of Medicine and Pharmacy, Department of
Biochemistry, Bucharest, Romania
2 “Carol Davila” University of Medicine and Pharmacy, Department of
Pharmacology, Bucharest, Romania
3 Institute of Diabetes, Nutrition and Metabolic Disease “N.Paulescu”,
Bucharest, Romania

Purpose: The objective of our study was to compare the antioxi-
dant capacity and redox alterations of serum samples and isolated
lipoproteins from type 2 diabetes mellitus (T2DM) rats treated with
either metformin, gliclazide or Retinofort – a plant-based antidia-
betic dietary supplement.

Methods: Wistar male rats with alloxan-induced (130 mg/kg,
i.p.) T2DM were split into 4 groups which received different treat-
ment: distilled water (p.o.) for control (n = 8), metformin (n = 6)
150 mg/kg, 1,6% solution, p.o, gliclazide (n = 6) 10 mg/kg, 0,1% sus-
pension, p.o and Retinofort (n = 7) 100 mg/kg, 1% suspension, p.o.
Rats were sacrificed and serum was separated. High and low den-
sity lipoproteins were isolated from serum with the heparin-citrate
method and, respectively, the phosphotungstic acid-MgCl2 one.
Antioxidant capacity was determined with a ABTS based method
and lipid peoxidation was assessed with a previousely optimised
Amplex Red assay, on both serum and lipoprotein preparations.

Results: Total serum antioxidant capacity was significantly
higher in the Retinofort group (p < 0,001), compared to Metformin,
Glicazide or control, with no significant difference between the lat-
ter three. The antioxidant capacity of HDL was similar in the four
groups, however the LDL one was significantly higher compared
to control for the Metformin (p = 0,031) and Retinofort (p = 0,039)
groups.

As for the serum lipid peroxidation, compared to control, the
mean values were lower for Metformin and Retinofort groups
and higher for Gliclazide. Nonetheless, serum peroxidation in the
Gliclazide group was significantly higher than in the Metformin
one (p = 0,037). HDL lipid peroxidation was significantly higher in
the Retinofort and Gliclazide groups versus the Metformin group
(p = 0,005 and p = 0,007, respectively). Regarding LDL peroxidation
there was no significant differences between the four groups, how-
ever a strong positive correlation of this marker with glycemia
throughout the treatment period was observed.

Conclusion: Retinofort treated rats exhibited superior antiox-
idant defence of serum and LDL compared to the other groups,
accompanied by similar lipid peroxidation versus the Metformin
one. Lipid peroxidation of HDL in Retinofort rats was significantly
higher compared to Metformin, but the antioxidant capacity was
similar.

https://doi.org/10.1016/j.toxlet.2018.06.558
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Evaluation of biomarkers for
haemocomopatibility of polymer biomaterials
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1 National Institute of Health Sciences, Division of Medical Devices,
Kawasaki, Japan
2 Graduate School of Engineering Kyushu University, Institute for
Materials Chemistry and Engineering (IMCE), Fukuoka, Japan

Purpose: Haemocompatibility is a major concern associated with
using medical devices or materials that contact with blood; it
is greatly influenced by the physical properties of the mate-
rial surface. Although some representative evaluation methods
are established in ISO 10993-4, appropriate biomarkers for the
evaluation of haemocompatibility have not yet been identified.
2-Hydroxyethyl methacrylate polymer (PHEMA), 2-methoxyethyl
acrylate polymer (PMEA), and 2-methacryloyloxyethyl phospho-
rylcholine polymer (PMPC) show good haemocompatibility, and in
particular, PMEA and PMPC are used as surface modification agents
for blood-contacting medical devices. In this study, we evaluated
the biomarkers for haemocompatibility of these biomaterials.

Methods: Both sides of a polycarbonate (PC) sheet were coated
with the biomaterials. Heparinized human whole blood was incu-
bated with polymer-coated and uncoated PC sheets for 1-4 hours in
various testing tubes with gentle shaking. The levels of biomarkers,
such as thrombin-antithrombin complex (TAT), platelet granule
release product �-thromboglobulin (�-TG), and complement acti-
vation products (C3a, C5a and SC5b-9) were measured by ELISA.
The effects of priming and air contact were also compared.

Results and discussion: No haemolysis was observed in all
cases. The levels of TAT, �-TG, and SC5b-9 incubated in polypropy-
lene (PP)-low bind tubes were lower than those in polyethylene
terephthalate (PET) or uncoated PP tubes. Priming and air contact
did not affect the assessment of the haemocompatibility of these
biomaterials. The levels of these biomarkers increased after incuba-
tion with uncoated PC sheets. The levels of TAT and �-TG decreased
in blood samples incubated with the PC sheets coated with PMEA
or PMPC compared with PHEMA and uncoated PC sheets. There
was no remarkable difference of the levels of C3a, C5a, and SC5b-9
in all sheets. These results indicated that TAT and �-TG could be
appropriate biomarkers for evaluating the haemocompatibility of
polymer biomaterials.

https://doi.org/10.1016/j.toxlet.2018.06.559
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Short-term exposure to ambient motor vehicle
emissions perturb the human circulating
miRNA genome
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School for Oncology and Developmental Biology, Maastricht,
Netherlands
2 Imperial College, MRC-PHE Centre for Environment and Health,
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Health, London, UK
3 Imperial College, National Heart and Lung Institute, London, UK
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Motor vehicles emit large quantities of a complex mixture of harm-
ful pollutants including several species of particulate matter (PM)
as well as gaseous pollutants such as nitrogen dioxide (NO2). These
traffic-related emissions have been linked to the pathogenesis of
several diseases including multiple types of cancer, pulmonary
and cardiovascular diseases and more recently also to neurode-
generative diseases. In search of an early diagnostic biomarker for
improved air pollution related health risk assessment, recent stud-
ies have shown that certain circulating miRNAs are altered upon
e.g. PM exposure in humans. In this study we assessed real-time
personal exposure to vehicle-emitted air pollutants of a human
population walking at a high and low traffic site, and consequently
analyzed the global plasma circulating miRNA genome of all par-
ticipants by next-generation sequencing. The study revealed a
profile of circulating miRNAs to be dose- and pollutant species-
dependently associated with multiple ambient vehicle-emitted
pollutant species including PM10, PM2.5, black carbon, ultrafine
particles and NO2. Our bioinformatics analysis suggests that the
signature of circulating miRNAs reflect the consequences of motor
vehicle emission-induced toxicity in target tissues such as the lung,
heart and brain already after 2 hours. Consequently, our study sug-
gests that signatures of circulating miRNAs present a novel class
of biomarkers to be used in health risk assessment and poten-
tially allow to interrogate organ-toxicity from miRNA based ‘liquid
biopsies’.

https://doi.org/10.1016/j.toxlet.2018.06.560

P02-07
Apoptosis activity on the vitamin and mineral
deficiency model under CCL4 intoxication

S.I. Shestakova ∗ , N.V. Tyshko

Federal State Budgetary Scientific Institution “Federal Research
Centre of Nutrition, Biotechnology and Food Safety”, Moscow, Russia

The model of adaptive potential reduction was tested on male
Wistar rats in the 64-days experiment with carbon tetrachlo-
ride (CCl4) intoxication. Animals with an initial body weight of
85.6 ± 1.0 g were divided into three control and three test groups,
30 males in each. Control group rats received diets (AIN-93) with
75%, 30% and 19% content of vitamins B1, B2, B3 and B6 and min-
erals (Fe3+ and Mg2+) (groups K-75, K-30 and K-19, respectively).
Besides similar diets (O-75, O-30 and O-19), the test group rats
were intraperitoneally administered CCl4 once a week throughout

the experiment (8 injections). In total each animal received CCl4
in the amount of 6.5 g/kg body weight. In addition to a standard
for toxicological research set of hematological, biochemical and
morphological parameters, there was also used single-cell gel elec-
trophoresis (DNA-comet) method to study the apoptosis activity in
the liver, whereby the apoptotic index (AI, the number of apoptotic
cells per 100 liver cells).

The analysis of the data revealed a significant increase in apo-
ptosis activity correlated to the level of nutrient deficiency, with
AI values in control groups K-75, K-30 and K-19 of 2.04, 2.26 and
5.97, respectively. The test group animals demonstrated the simi-
lar dynamics in programmed cell death intensity increasing amid
the vitamins and minerals decline: the AI values in groups O-75,
O-30, and O-19 were 4.68, 4.48 and 7.36, which is by 129%, 98% and
23% higher than in the respective control groups. It worth noting
that the deepening nutrients shortage led to decrease difference
between the test and control groups.

According to the research results, it can be concluded that the
apoptosis activity indicators, which are sensitive biomarkers of
toxic effects, appear to be inappropriate for application on alimen-
tary deficiency models.

This work was supported by Russian Science Foundation grant
No. 16-16-00124.
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P02-08
This poster abstract has been withdrawn

https://doi.org/10.1016/j.toxlet.2018.06.562

P02-09
Discovery of urinary biomarkers for early
detection of diabetic- induced chronic kidney
diseases

K.S. Kim ∗ , J.S. Kim, H.S. Kim

Sungkyunkwan University, School of Pharmacy, Suwon, Republic of
Korea

Diabetic kidney disease (DKD) is the leading of chronic and end-
stage-renal disease worldwide. After development of overt diabetic
nephropathy, patients will progress to end-stage renal disease
(ESRD), which is associated with high morbidity and mortality, and
high treatment costs. Recently, microalbumin has historically been
measured as an early marker for advanced CKD. However, detec-
tion of microalbumin in the urine is not adequately predicting DKD
from non-albuminuric DKD. Therefore, additional biomarkers of
glomerular and/or tubular injury have been proposed to uncover
early renal dysfunction and structural lesions. In this study, we
identified reliable on non-invasive urinary biomarkers for early
detecting DKD. We identified protein-based new biomarkers in the
kidney of high fat diet-induced ZDF rats. Among the identified pro-
teins, selenium binding protein-1 (SBP-1) and pyruvate kinase M2
(PKM2) were candidated as potential biomarker for early detecting
DKD. These biomarkers were validated in urine of diabetic patients.
Our results indicated that the marked increases in SBP-1 and PKM2
levels were observed in the urine of diabetic patients. Thus, these
new biomarkers may have potential as alternatives to traditional
biomarkers for the efficient and sensitive assessment of DKD. Fur-
ther, novel biomarkers can be used as sensitive diagnostic kits in
diabetic patients for early time prevention of ESRD.

https://doi.org/10.1016/j.toxlet.2018.06.563

https://doi.org/10.1016/j.toxlet.2018.06.560
https://doi.org/10.1016/j.toxlet.2018.06.561
https://doi.org/10.1016/j.toxlet.2018.06.562
https://doi.org/10.1016/j.toxlet.2018.06.563


ARTICLE IN PRESSG Model

18 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

P02-10
Effects of phenobarbital (PB) acute exposure on
minipig liver gene expression

J. Silvano 1,∗ , P. Ancian 1, C. Bansard 1, J. Boje Nielsen 2, P. Singh 1,
R. Forster 1

1 Citoxlab France, Evreux, France
2 Citoxlab Denmark, Lille Skensved, Denmark

Phenobarbital is a widely used anti-seizure medication. Treatment
of laboratory animals with PB results in hepatomegaly and induc-
tion of CYP450 xenobiotic metabolizing enzymes, and long term
treatment of rats and mice results in hepatic tumours. While PB
has been extensively studied in rodents, little is known about the
impact of PB treatment on the gene expression profile in minipig
liver. For that purpose, 3 male Göttingen minipigs aged 4-5 months
were treated orally with vehicle or 15 mg/kg/day PB for 6 days. On
day 7, animals were euthanized and an 80 mg section of liver was
snap frozen in liquid nitrogen. Total RNA was extracted from liver
samples using a combined Trizol/RNeasy

®
method and showed

adequate quality for Affymetrix target preparation using the 3’-
IVT Plus kit. Labeled material was then hybridized to Affymetrix
GeneChip

®
Porcine Arrays. The differentially expressed genes were

filtered using an absolute fold-change threshold at 1.5 with a cor-
rected p-value lower than 0.05. A total of 161 and 139 probesets
were found to be significantly down and upregulated in minipig
liver by PB treatment, respectively. CYP2A19, CYP2B22, CYP2C42,
CYP3A39 and CYP3A46 transcripts were up-regulated with mean
fold changes varying between 31.2 and 1.5. Among the top 20 most
regulated genes, CYP2A19, CYP2B22, FADS2, tsukushin-like, FADS1,
HMGCS2, and SULT1A1 were up-regulated and SDS, GARNL3,
CLDN14, acetoacetyl-CoA synthetase-like were down regulated.
Pathways and ontology classification using the DAVID software
revealed that the oxidoreductase, retinol metabolism, chemi-
cal carcinogenesis and steroid hormone biosynthesis pathways
were significantly enriched, with modulated genes such as CYPs,
SULT1A1 (Sulfotransferase Family 1A Member 1), as well as fatty
acid desaturases FADS1 and FADS2. These data will be correlated
with additional analyses such as CYPs and UGT expression and ex-
vivo enzyme activities in liver microsomes. In conclusion, this study
aids understanding the mechanisms/modes of action of PB expo-
sure on minipig liver and the identification of potential biomarkers
of exposure and response.

https://doi.org/10.1016/j.toxlet.2018.06.564
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Calcium supplementation of pied flycatcher
females in a metal-polluted environment:
protective effect against oxidative stress?
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2 University of Turku, Department of Biology, Turku, Finland

Calcium (Ca) may have a protective effect against metal toxicity
by modulating metal-induced oxidative stress. The goal of this
study is to assess the effects of Ca availability and metal pollu-
tion on oxidative stress biomarkers in adult female pied flycatchers
(Ficedula hypoleuca). We performed a Ca-supplementation experi-
ment in 2014 in a Ca-poor and metal-polluted area in SW Finland.
We measured metal concentrations in feces, Ca levels in plasma,
and antioxidant molecules (GSH, GPx, GST, CAT and SOD) and
biomarkers of oxidative damage (lipid peroxidation, TBARS, and
protein carbonylation, PC) in red blood cells. Pied flycatcher females

showed higher metal concentrations in feces in the polluted zone.
The Ca supplementation and zone had no effect on the oxidative
stress biomarkers. Generalized linear models were also performed
by choosing fecal metal concentrations (as a proxy of dietary lev-
els) and Ca levels in plasma instead of pollution zone and treatment
in an effort to investigate more accurately associations between
metal exposure and Ca levels in the organism. Interestingly, antiox-
idant levels (tGSH levels, GSH:GSSG ratio, GPx and GST activities)
and TBARS levels changed over the range of metal concentrations
depending on the Ca levels in plasma. When plasma Ca levels were
higher than 10 mg/dl, antioxidants and TBARS levels increased and
GSH:GSSG ratio decreased with increasing metal concentrations.
This suggests that birds are able to upregulate their antioxidant
capacity to cope with higher metal exposure from a certain level
of Ca concentrations in plasma. Thus, Ca concentrations in plasma
may have a protective effect against metal-related oxidative stress.
However, Ca could also be involved in lipid damage in a context of
increased metal concentrations. Further studies are needed to bet-
ter understand this mechanism. Acknowledgements: We thank
J. Nurmi and M. Rainio. This study was financed by the Academy
of Finland (project 265859 to T.E.), University of Turku Graduate
School-UTUGS and Societas pro Fauna et Flora Fennica (P.S.-V.), and
Fundación Séneca (20031/SF/16 to S.E.).
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J. Descotes

Citoxlab France, Evreux, France

Inconsistent delayed-type hypersensitivity (DTH) responses have
been reported in non-human primates, hence the need to study
alternative endpoints. For this purpose, 3 male and 3 female
purpose-bred Cynomolgus monkeys aged 33–36 months received
a human dose of tetanus vaccine containing aluminum hydroxide
IM on days 1 and 14, and were treated orally with 1 mg/kg/day
rapamycin (RPM) from days 36 to 66. DTH was induced by an intra-
dermal challenge of tetanus toxoid (TTx) and aluminum hydroxide
on days 28 and 63. Injection sites were observed before challenge
and after 24, 48 and 72 hours. Then, skin biopsies were taken and
stained with anti-CD3, CD4, CD8, CD68, Ki67, FoxP3 antibodies.
Blood was collected on days 0, 28, 31 and 35 to measure anti-TTx
IgG using ELISA; on day 0 and then weekly, to study standard hema-
tology; finally, at pre-test and on days 28, 35, 59 and 63, to quantify
IFN-g secreting cells by ELISPOT and cytokine levels using a mul-
tiplex assay. No clinical signs were noted. Hematological findings
were consistent with known effects of RPM. RPM blood levels mea-
sured by LC-MS/MS were within the immunosuppression range.
The expected anti-TTx humoral response was seen in all animals
prior to RPM treatment, and a 3–8 fold drop in anti-TTX IgG levels
was measured after 4 weeks of RPM treatment. DTH reactions in
animals prior to RPM treatment were slight and inconsistent and
no DTH inhibition could be observed after RPM treatment. CD4+
and CD8+ T-cells, and CD68+ macrophages infiltrates at the injec-
tion site were observed after the first DTH reaction, and markedly
decreased after RPM treatment. Despite inter-animal variability,
the number of anti-TTX IFN-g secreting cells surged after the first
DTH response, and markedly declined at the end of RPM treatment.
No clear trend in any cytokine level was noted after the first DTH
response, but all levels declined after RPM treatment. This study
confirms that DTH in Cynomolgus monkeys requires further study

https://doi.org/10.1016/j.toxlet.2018.06.564
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and that a better understanding of DTH related events may be
gained using ex vivo endpoints (cytokine analysis, immunohisto-
chemistry etc), and in particular IFN-g ELISPOT.

https://doi.org/10.1016/j.toxlet.2018.06.566
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smoke: using cotinine as a biomarker
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The NEOGENE project, Impact of transplacental exposure to tobacco
smoke in the DNA of newborn. Genetic and epigenetic effects, aims
to analyse both genetic damage and DNA methylation of moth-
ers and their newborns exposed to environmental tobacco smoke
(ETS) taking into consideration other possible co-exposures rele-
vant to genetic and epigenetic alterations, namely PAHs, phthalates,
brominated polyphenylene and metals.

In the last year, 500 volunteer parturients seeking prenatal care
on Centro Hospitalar de São João, in Porto, Portugal have been
enrolled in the study. At birth, maternal blood and urine, umbilical
cord blood and placenta samples have been collected. In addition,
each participant provided information on demographics, clinical
history, lifestyles and exposures, including exposure to ETS before
and during pregnancy, through an individual questionnaire. Within
the framework of NEOGENE, characterization of ETS exposure was
accomplished by measuring cotinine in maternal urine by solid
phase competitive ELISA. Cotinine concentrations were determined
in maternal urine as it was found to be more sensitive than the
remaining samples to second hand exposure (paired samples of 15
participants were analysed to confirm matrix selection). A com-
parison between urinary nicotine concentrations and quantitative
measurement of ETS exposure measured through questionnaire
was also performed to identify possible underreport of smoking
and exposure behaviors.

Smoking cessation during pregnancy has for long been an inter-
national priority to protect the health of the developing fetus.
Moreover, tobacco control policies have been implemented in
many countries to promote health, save healthcare costs and gener-
ate revenues for government services. Accurate assessment of fetal
exposure to smoking through the objective measure of a biomarker
is essential in this project, as the ultimate goal is the investigation
of the effects of prenatal exposures to pollutants, including tobacco
smoke, in genetic and epigenetic alterations.
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Consumers are exposed to multiple residues of different pesti-
cides via their diet. The toxicological properties of these substances
are generally determined individually, hence there is not much
data available on potential mixture effects. Two European Union
regulations (Reg No 1107/2009; Reg No 528/201) require analyz-
ing potential cumulative or synergistic effects due to exposure
to multiple pesticide residues. Due to the increasing number of
available substances and thus the increase of potential multiple
residues in food, analysis of mixture effects by traditional toxi-
cological methodology would increase animal testing. Therefore,
it is important to develop in vitro methods for the assessment of
pesticide combinations to reduce animal experiments.

We developed mass spectrometry-(MS) based immunoassays
to investigate the influence of single substances and combina-
tions at the protein level of toxicologically relevant biomarkers.
These assays include an antibody-based immunoprecipitation step
to enrich the analytes of interest, followed by UHPLC-MS readout.
In this approach peptides are analyzed as surrogates for the protein
that can be identified and quantified via MS. This project focused on
24 toxicologically relevant proteins like cytochrome P450 enzymes
(CYPs, phase I enzymes), UDP-glucuronosyltransferases (UGTs,
phase II enzymes), transporters (Phase 0 and III) and others.

HepaRG are a well-established human cell model system for
human hepatocytes. We used this cell system to analyze the pro-
tein profile after pesticide treatment. Cells were perturbated for
24 h with single pesticides and combinations thereof. Rifampicin
and CITCO served as prototypical inducers. We analyzed 24 pro-
teins quantitatively and six of these proteins showed induction
effects depending on the applied pesticide. For TNFRSF12A a 3.5-
fold induction effect was observed after high dosage treatment with
prochloraz and S100P protein level was increased by a factor of
7.5 after treatment with flusilazole suggesting two independent
induction pathways.

In summary, we developed a very robust and accurate platform
for the analysis of toxicological effects in HepaRG cells. The protein
amount of CYP1A1, CYP1A2, CYP3A4, MDR1, TNFRSF12A and S100P
increased depending on the chemical structure of pesticides.

https://doi.org/10.1016/j.toxlet.2018.06.568
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Monitoring of triclosan and parabens in
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Introduction: The growing need of producing longer lasting and
better quality products has led to the increasing use of antimicrobial
agents like triclosan (TCS) and parabens (PBs). These compounds
are mainly used in pharmaceutical products, make up and personal
care products, like toothpastes, shampoos, deodorants and baby
wipes. It is recorded that TCS and PBs affect the reproductive system
of males and females, the thyroid gland and other tissues like the
liver. In our study, we determined the concentration levels of TCS
and four PBs (methyl- (MePB), ethyl- (EtPB), butyl- (BuPB), benzyl-
(BePB)) in amniotic fluid collected from fifty pregnant women.

Methods: Analytes were extracted by liquid-liquid extraction
with ethyl acetate and determined using liquid chromatography–
APCI –mass spectrometry.

Results: The method was linear (r2 > 0.99). Analytical parame-
ters like recovery, accuracy and inter day precision (%RSD) were
also calculated and found to be for the target analytes >70%, >90%
and <20%, respectively. The LOD was 0.07 for MePB, 0.31 for
EtPB, 0.17 for BePB, 0.12 for BuPB and 0.73 ng/ml for TCS. MePB
was present in 24.0% of the samples, BuPB in 4.0% and TCS in
8.0% of the amniotic liquids. EtPB and BePB were not detected
in any sample. Median concentrations were 9.5 ng/ml for MePB
(0.2–18.8 ng/ml), 0.4 ng/ml for BuPB (0.2–0.6 ng/ml) and 1.7 ng/ml
for TCS (0.9–2.2 ng/ml).

Conclusion: This work is one of the very few monitoring studies
of triclosan and parabens in amniotic fluid. Low detection fre-
quencies and concentration levels of all agents in amniotic fluid
samples were in agreement with data provided from the recent lit-
erature. Concentration levels were also below the corresponding
levels reported for urine samples which is attributed to possible
low tranfer or rapid clearance of the compounds in amniotic fluid.

https://doi.org/10.1016/j.toxlet.2018.06.569
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Several studies have shown that polymethoxyflavones (PMFs)
are effective in preventing carcinogen-induced colorectal can-
cer (CRC) or colitis. Polycyclic aromatic hydrocarbons (PAHs) are
widespread environmental carcinogenic pollutants and they have

become an important issue in food contamination. Dietary intake
of PAHs has been recognized as a major route of human expo-
sure. However, the mechanisms behind dietary PAH-induced CRC
remain unclear. In this study, we investigated the preventive effect
of PMFs on benzo[a]pyrene/dextran sulfate sodium (BaP/DSS)-
induced colorectal tumorigenesis in ICR mice. We found that
PMFs significantly prevented BaP/DSS-induced colorectal tumor
formation. BaP mutagenic metabolite and DNA adducts were
found to be reduced in colonic tissue in the PMF-treated groups
through the modulation of BaP metabolism. At the molecular
level, the results of RNA-sequencing indicated that PMFs amelio-
rated BaP/DSS-induced abnormal molecular mechanism change
including activated inflammation, downregulated anti-oxidation
targets, and induced metastasis genes. Additionally, consumption
of PMF extracts also altered the composition of gut microbiota
and made it similar to that in the control group by increas-
ing butyrate-producing probiotics and decreasing CRC-related
bacteria. BaP in combination with DSS significantly induced col-
orectal tumorigenesis through induced DNA adduct formation,
abnormal gene expression, and imbalanced gut microbiota com-
position. PMFs were a powerful preventive agent that suppressed
BaP/DSS-induced CRC via modulating multiple pathways as well as
ameliorating autophagic defect. These results demonstrated for the
first time the chemopreventive efficacy and comprehensive mech-
anisms of dietary PMFs for preventing BaP/DSS-induced colorectal
carcinogenesis.

https://doi.org/10.1016/j.toxlet.2018.06.570
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Breast cancer is the most common cancer worldwide in women and
different studies link pesticide exposure to the risk of developing
this disease. The pesticides hexachlorobenzene (HCB) and chlor-
pyrifos (CPF) are weak ligands of the aryl hydrocarbon receptor
(AhR), a transcription factor involved in apoptosis and proliferation.
Transforming growth factor-�1 (TGF-�1) is activated during cancer
development. We have postulated that alterations in AhR/TGF-�1
crosstalk might contribute to breast cancer progression. Epige-
netic changes include retrotransposons like the long interspersed
nuclear element 1 (LINE-1), which is activated in mammary tumors.
Ligands of AhR can induce activation of LINE-1 and epithelial to
mesenchymal transition, through the TGF-�1/Smad pathway. Our
aim was to study the effect of HCB and CPF on LINE-1 expression
and to elucidate whether the mechanism of action is related to
the AhR/TGF-�1 interaction in human breast cancer cells MDA-
MB-231. We have reported that HCB (0.005-5 �M) activates the
AhR/c-Src signaling, and induces Smad pathway, promoting MDA-
MB-231 migration and invasion. Our results showed that LINE-1
mRNA levels (RT-qPCR), were enhanced at 0.005 �M HCB (p < 0.01)
after 24 h of exposure. However, no alterations were observed
in LINE-1 protein levels (Western Blot). On the other hand, CPF
increased c-Src phosphorylation after 5 and 15 min at 0.5 �M
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(p < 0.05), and activated Smad2/3 at 15 min at 0.05, 0.5, 5 and 50 �M
(p < 0.01). CPF enhanced AhR protein expression (p < 0.05) at 24 h
and LINE-1 mRNA content after 48 h (p < 0.01) at 0.05, 0.5, 5 and
50 �M. In contrast, 50 �M CPF reduced LINE-1 protein expression
at 48 h (p < 0.05). In conclusion, we demonstrated that the pesti-
cides HCB and CPF modulate the AhR/TGF-�1 crosstalk and LINE-1
expression in MDA-MB-231, depending on the dose and the time of
exposure. These findings could be linked to alterations previously
observed in process like breast cancer cell migration, invasion or
metastasis.

https://doi.org/10.1016/j.toxlet.2018.06.571
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Hexachlorobenzene (HCB) is a fungicide detected in maternal
milk, and Chlorpyrifos (CPF) is a pesticide currently used in agri-
culture. Breast cancer is by far the most frequently diagnosed
cancer in women. HCB and CPF act as endocrine disruptor in rat
mammary gland. Vascular endothelial growth factor (VEGF) and
cyclooxygenase-2 (COX-2) promote tumor growth and angiogen-
esis. Nitric oxide (NO) and abnormal expression of nitric oxide
synthases (NOS1, NOS2, NOS3) are implicated in tumor progres-
sion. Our aim was to examine the action of HCB and CPF on
angiogenesis in mammary carcinogenesis in vivo and in vitro. In
a breast cancer xenograft model with MCF-7 cells, HCB (3 mg/kg
bw) and CPF (0.1 mg/kg bw) stimulate angiogenic switch (number
of vessels/mm2) and increase VEGF expression (p < 0.05) by West-
ern Blot (WB) in mice skin. In MCF-7, HCB (0.005 �M) increases
COX-2 and VEGF levels at 3 h, while at 0.005-5 �M at 24 h (p < 0.01).
CPF (0.05 �M) enhances COX-2 and VEGF expression at 6 h, while at
50 �M at 24 h (p < 0.05). In addition, HCB (0.005 �M) at 3 h increases
NOS2/NOS3 and at 24 h enhances NOS1, while at 5 �M decreases
NOS expression (WB, p < 0.05). CPF (0.05 �M) increases NOS lev-
els at 6 h, while at 50 �M enhances at 24 h (p < 0.05). The pesticides
increase the production of NO at lower doses, however reduces it at
higher doses (HCB, CPF, p < 0.05). Besides, the pretreatment of MCF-
7 with an inhibitor of NOS prevents the increased expression of
VEGF and COX-2 by HCB or CPF, suggesting that pesticides enhance
angiogenic factors through NO-dependent pathway. Our results
demonstrate that both pesticides increase angiogenesis and VEGF
expression in vivo and in vitro. In MCF-7, at low doses, the pesticides
enhance VEGF, COX-2 and NOS expression, and NO production. At
high doses, increase VEGF and COX-2 levels, but differential effects
on NOS expression were observed. In conclusion, our findings sug-
gest that HCB and CPF may be a risk factor for human breast cancer
progression.

https://doi.org/10.1016/j.toxlet.2018.06.572
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Introduction: Breast cancer (BC) is the most common cancer affect-
ing women worldwide and has been associated with active tobacco
smoking. Low levels of nitrosamine carcinogens, including nicotine
and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), have
been detected in the second hand smoke (SHS). However, the corre-
lation between SHS and BC risk remains controversial. In this study,
we investigated whether nicotine and NNK act together to induce
breast carcinogenesis using an in-vitro breast cell carcinogenesis
model.

Methods: Immortalized non-tumorigenic breast epithelial cell
line, HBL-100, was used for a time course assay exposed to either
a very low level of nicotine or NNK, or both. The time course assay
consisted of 23 cycles of nitrosamine carcinogen treatment. For
each cycle, HBL-100 cells were exposed to 1 pmol of Nicotine or/and
100 fmol of NNK for 48 hours. Cells were passaged every 3 days and
harvested after 5, 10, 15 and 23 cycles.

Results: Our results demonstrated that tumorigenecity of HBL-
100, such as soft agar colony forming, proliferation, migration
and invasion abilities, was enhanced by co-exposure to physio-
logically SHS achievable doses of Nicotine and NNK. In addition,
a9-nACHs signaling activation which plays an important role in
cellular proliferation and cell survival was also observed. Impor-
tantly, an increase in stemness properties including the prevalence
of CD44+/CD24- cells and mamosphere forming ability were also
observed.

Conclusion: Our results indicated that chronically exposure to
environmental carcinogens, such as nicotine and NNK from tobacco
smoke, is able to induce breast cell carcinogenesis even at a very
low dose.

https://doi.org/10.1016/j.toxlet.2018.06.573
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Introduction: Benzo[a]pyrene (B[a]P) is a complete carcinogen
belonging to the class of polycyclic aromatic hydrocarbons. In stud-
ies of our group using BEAS-2B cells exposed to B[a]P, it was possible
to observe changes in the NAD+ and NADH levels, subsequent epi-
genetic alterations, and the induction of the tumor phenotype.
Objective: To evaluate the effect of NAD+ modulation by means
of nicotinamide riboside (NR) supplementation in the model of
cellular transformation induced by B[a]P.

Methods: NR was obtained by HPLC-PDA purification of the
hydrolysis product of nicotinamide mononucleotide. NR cytotoxic-
ity was monitored in the 250 – 1 �M range by crystal violet dye and
XTT or MTT assays, every 24 h along 168 h. Subsequently, the same
assays were used to verify the effect of 1 �M NR on the cytotoxic-
ity induced by 1 �M B[a]P. Cell transformation was assessed by the
soft agar assay after 168 h of exposure to 1 �M B[a]P in the pres-
ence and absence of 1 �M NR. The levels of 5-methyl-deoxycytidine
(5-mC) and 5-hydroxymethyl-deoxycytidine (5-hmC) in DNA were
determined by HPLC-ESI-MS/MS.

Results Concentration and time-dependent cytotoxicity were
observed for NR in the 250 – 5 �M range. The cytotoxic effect was
not observed for 1 �M NR along 168 h. Cells exposed to 1 �M NR
+ 1 �M B[a]P showed greater growth arrest (or death) in the 72 –
168 h period and higher tetrazolium salt (MTT) reducing activity
at 96 h and 120 h than the cells exposed to 1 �M B[a]P alone. Cells
exposed to B[a]P were the ones with the highest growth in soft
agar, which returned to the control level when they were exposed
to NR+B[a]P. At the same time, B[a]P induced DNA hypermethy-
lation, which was prevented by the concomitant incubation with
NR. On the other hand, the levels of 5-hmC remained higher in
the B[a]P and NR+B[a]P groups than in the control and NR groups.
Conclusions: NR (1 �M) was selectively cytotoxic against the cells
exposed to B[a]P, without changing the viability of the normal cells.
We found a protective effect of NR against cell transformation and
DNA hypermethylation induced by B[a]P. The ongoing investiga-
tion of the profiles of intermediate metabolites in this model will
highlight key changes that may be associated with the shift from
the transformed to the non-transformed phenotype, opening new
possibilities to test and establish chemopreventive approaches.
Financial support: FAPESP, CNPq, CEPID Redoxoma
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Introduction: Morphological heterogenicity of tumor cells is often
the challenge in histopathological assessments. The quantification
of immunhistochenical staining (antibody 214D4 from Millipore)
can be based on more rigid scores (e.g. Remmele & Stegner, 1987),
defining the results as the product of percentage of positive cells
and staining intensity. Or one uses a wider definition in which any
staining along the circumference of the cell (both clear linear stain-
ing and diffuse dot-like staining) was counted as being positive.

Which criteria justify the use of the term “overexpression”
of the glycoprotein MUC? Is “overexpression” a key for possible
immunotherapeutic interventions?

Material and methods: The MUC-1 specific antibody 214D4
was selected by Merck-Serono. The focus was on membraneous
positive staining, since cytoplasmic staining revealed a frequency
of nearly 100%.

Evaluated were 200 primary NSCLC samples with 50 metastases
in lymph nodes and 20 at distant sites, and compared also to normal
tissue surrounding the tumors.

Overall results and conclusion: Using the IRS-related definition
of membranous staining, 74 of all 270 tumor cases (27%) showed
membranous staining with clone 214D4.

Using a wider definition, in 91% of all primary tumors investi-
gated membrane-bound MUC-1 proteins were positively detected.

But does morphological “overexpression” automatically mean
“overfunction”? It can be assumed that the enormous variety of
genetic disposition of tumor cells influence the expression of such
antigens, their glycosylation, their polymorphic variable number
of tandem repeat domains or alternate splicing, all resulting in
multiple transcript variants.

Accordingly, morphological “overexpression” of the MUC 1
oncoprotein is one condition, but knowledge of the biochemical
features and downstream cell signaling pathways is needed to
assess the importance of Muc 1 for the tumor development.

https://doi.org/10.1016/j.toxlet.2018.06.576
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Multi-hit and multi-step long-term reactions by pharmaceutical
and chemical compounds can induce neoplasms. Drug Regulatory
Authorities (DRA’s) request therefore in International Conference
on Harmonization (ICH S1A) to conduct rodent carcinogenicity
studies when human treatment is necessary for longer than 3–6
months. ICH Guideline S1A defines conditions where long-term
bioassays are not needed (e.g. infrequent use or short term dura-
tion, unequivocal genotoxicity, limited life-expectancy, topically
applied drugs with poor systemic exposure, endogenous peptides

https://doi.org/10.1016/j.toxlet.2018.06.575
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or protein substances). The need for bioassays continues to be
questioned because of too many positive outcomes. In addition,
retrospective analyses of various datasets (PhRMA, FDA, JPMA, and
EU) concluded that the outcome of these studies could be pre-
dicted: Negative predictions can be made when signals are absent
and positive predictions are possible when signals (i.e.hyperplasia
and/or pharmacology) are present. In between compounds remain
for which the outcome is equivocal and where experimental stud-
ies may add value. These hypotheses stimulated ICH to test in an
ongoing exercise by DRA’s and Industry if the number of rodent
bioassays can be reduced. Such prospective evaluation is neces-
sary to justify any revision of the present recommendations of the
ICH S1. Sponsors are strongly encouraged to submit Carcinogenic-
ity Assessment Documents (CADs) to DRA’s for all investigational
pharmaceuticals with ongoing or planned 2-yr rat carcinogenic-
ity studies. The CAD would address the overall carcinogenic risk
of the investigational drug based on available pharmacology and
toxicology data and a rationale for why the conduct of long-term
studies would not add value to that assessment. DRA’s indepen-
dently review the submitted documents and evaluate the degree
of concordance with Sponsors. During this prospective evaluation
period waiver requests will not be granted, the data are collected
solely for real world experience. Submitted CADs will finely be com-
pared to the real outcome of the 2-yr carcinogenicity studies and/or
any other factors of a weight of evidence evaluation. Main objec-
tive will be the assessment of accuracy of the predictions. This paper
will inform about the present details of this retrospective analyses.
More than 40 cases have been collected, the aim is 20 out 50 virtual
waivers. First evaluations of 22 cases are available, and results are
generally as expected.

https://doi.org/10.1016/j.toxlet.2018.06.577

P03-09
Apoferritine-encapsulated ellipticine –
construction and properties

R. Indra 1,∗ , T. Cerna 1, Z. Heger 2, V. Adam 2, S. Dostalova 2,
T. Eckschlager 3, M. Stiborova 1

1 Charles University, Department of Biochemistry, Faculty of Science,
Prague, Czech Republic
2 Mendel University in Brno, Department of Chemistry and
Biochemistry, Laboratory of Metallomics and Nanotechnology, Brno,
Czech Republic
3 Charles University and University Hospital Motol, Department of
Pediatric Hematology and Oncology, 2nd Faculty of Medicine, Prague,
Czech Republic

Adverse effects constitute an important problem in cancer treat-
ment. One way to mitigate these effects is drug encapsulation inside
a suitable nanocarrier capable of targeting. Apoferritin, iron-free
form of ferritin, is naturally occurring protein that has potential
to move through body without any immune response. Further-
more, it is possible to modify apoferritin with ligands to achieve
tumour-specific targeting.

The simple-to-use encapsulation protocol (creating Apo-Elli)
was developed. Shortly, apoferritin was decomposed by low pH in
the presence of ellipticine and after several minutes re-associated
by neutral pH. The nanocarrier exhibits narrow size distribution
and nearly no haemolysis in comparison to free ellipticine. Ellip-
ticine is released from Apo-Elli at acidic (6.5; more than 80%) and
neutral pH (7.4; less than 20%) after 48 hrs incubation. The presence
of membrane particles accelerates release of ellipticine from Apo-
Elli and makes it possible to be transferred into microsomes even at
pH 7.4. Microsomal cytochrome P450 are capable of oxidizing free
ellipticine and/or its Apo-Elli form to its metabolites and generat-

ing ellipticine-derived DNA adducts, both under pH 7.4 and 6.5. The
form of ellipticine plays practically no role in these processes. The
Apo-Elli is also toxic to UKF-NB-4 neuroblastoma cancer cells but
exhibits significantly lower toxicity for non-malignant cells (non-
malignant fibroblasts, HDFn cells).

This work was supported by GACR 17-12816S and GAUK
998217.

https://doi.org/10.1016/j.toxlet.2018.06.578

P03-10
LincRNA-RoR regulates the apoptotic function
of p53 via targeting miR-204/MDM2 in human
esophageal squamous cell carcinoma

R. Liu 1,∗ , T. Wang 1,∗, M. Shang 1, X. Wang 1, P. Zhang 2

1 Southeast University, School of Public Health, Nanjing, China
2 Huzhou Center for Disease Control and Prevention, Zhejiang, China

Objective: It is well known that MDM2 has a critical role in nega-
tive regulation of p53 through the ubiquitin-proteasome pathway.
However, it is unclear whether there is an additional mechanism
that can keep stress-induced p53 level under control. This study
was expected to reveal the regulatory effects of lincRNA-RoR(linc-
RoR) on p53-mediated cell cycle arrest and apoptosis in human
esophageal cancer cell(ESCC) via targeting miR-204/MDM2.

Methods: Expression levels of linc-RoR, miR-204 and MDM2
in ESCC cell lines and tissues were determined by qRT-PCR. The
regulatory relationship between linc-RoR,miR-204 and MDM2 was
verified in ESCC cells by qRT-PCR, dual luciferase reporter(DLR)
assay, RNA immunoprecipitation(RIP) and western blot. Cell cycle
and apoptosis were detected by flow cytometry.

Results: Over-expression of linc-RoR down-regulated miR-204
by 73% which was proven with RIP, DLR assay, and qRT-PCR.
Furthermore, the qRT-PCR results showed that miR-204 could
down-regulate MDM2. Whether miR-204 could target MDM2 3’UTR
was verified by RIP and DLR. The western blot results also showed
that miR-204 inhibited MDM2 expression. All above showed that
MDM2 was a down-stream target of miR-204. Then, we conducted
the DLR and confirmed that linc-RoR could up-regulate MDM2 by
competitively binding the miR-204. At the same time, the level of
p53 protein was down-regulated by over-expressing linc-RoR in
ESCC cells, and p53-mediated apoptotic signaling was repressed.
Consequently, we observed that S phase cell arrest was induced
and apoptosis of ESCC cells was suppressed.

Conclusion: The present evidence showed that the human linc-
RoR is a negative regulator of p53. Linc-RoR may regulates the
apoptotic function of p53 by targeting miR-204/MDM2 in ESCC.

https://doi.org/10.1016/j.toxlet.2018.06.579

P03-11:
Oncogenic biomarkers in the safety assessment
of novel food sources

S.I. Shestakova

Federal State Budgetary Scientific Institution “Federal Research
Centre of Nutrition, Biotechnology and Food Safety”, Moscow, Russia

In the framework of safety assessment of novel food sources, such
as genetically modified organisms of plant origin (GMO), a special
attention is focused on specific types of toxicity, when it concerns
the study of the native product. According to established practice
the employed approach uses a wide complex of methods that pro-
vide the most complete and reliable information on the potential
genotoxic, immunotoxic and allergenic effects. Inclusion of carcino-
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genicity testing in the list of obligatory studies is an important and
necessary step in improving of the GMO safety assessment sys-
tem. But despite the advent of new methods for carcinogenicity
research, which allow with a high degree of confidence to pre-
dict the potential effect of studied substances, the enhancement of
used approaches and search of modern and informative indicators
remains an urgent problem of toxicology.

One of the main tasks of the study was the search of possible
oncogenic markers, which already applied in clinical practice, for
studying of the potential carcinogenicity in toxicological tests. It can
be both tumor markers, allowing to detect tumors at early stages
of development, and biomarkers, the so-called ‘tumor precursors’,
allowing to reveal the carcinogenicity of the testing substance
before the appearance of tumors. The most promising oncogenic
markers may be indicators of DNA expression and methylation,
microRNA, oncofetal proteins (AFP, oncodevelopmental antigen
etc.), hormones and their receptors; as well as indicators of apo-
ptosis activity, which indirectly characterizes the proliferation
processes. Although the potential diagnostic significance of the
above-mentioned biomarkers their inclusion in the list of official
methods is only possible after comprehensive in vivo/in vitro stud-
ies and the reliable evidence base formation. In accordance with the
established scientific practice, such studies should include a series
of model experiments in laboratory animals with tumor induction
by various carcinogens with different mechanisms of action; the
study of the indicators changes should be performed at the different
stages of oncogenesis.

The ultimate goal of the research will be the introduction of
modern clinical methods and markers into carcinogenicity testing
toxicological practice, and the formation of bio- and tumor markers
panel with a high diagnostic significance.

This work was carried out within the state assignment of FASO
Russia (theme No. 0529-2014-0047).

https://doi.org/10.1016/j.toxlet.2018.06.580

P03-12
The cytotoxicity of doxorubicin in human
mammary cells is modulated by the conditioned
medium of mesenchymal stem cells

B.C. Antunes ∗ , S.P. Camões, M. Castro, N.G. Oliveira, J.P. Miranda

Faculty of Pharmacy of the University of Lisbon, Research Institute for
Medicines (iMed.ULisboa), Lisboa, Portugal

Mesenchymal Stem Cells (MSCs) have been triggering an increased
interest in biomedicine, showing inherent immunomodulatory
properties and a homing capacity to tumors that makes it an attrac-
tive target towards the development of innovative cancer therapies.
However, the role of MSCs in cancer is still contradictory, with
literature reporting both cancer promoting and inhibitory effects.
Furthermore, the study of MSCs and their secretome in the context
of chemotherapeutic drugs has not yet been fully explored. Three-
dimensional (3D) cell cultures have been reported as more in vivo
resembling, in aspects of morphology, viability and functionality,
presenting also a paracrine activity with greater therapeutic prop-
erties, already reported for instance, in tissue regeneration. This
work aimed to investigate the effect of the secretome of a spe-
cific population of human neonatal umbilical cord matrix derived
MSCs (hnMSCs) in human breast cancer cells. Conditioned medium
from hnMSCs (MSCs-CM) was produced and collected from both
2D monolayer cultures (CM2D) and 3D dynamic spinner flask sus-
pension cultures (CM3D) and concentrated 20x using 3kDa protein
concentrators. Cell viability/proliferation under treatment with
MSCs-CM (1x and 10x concentrated) either alone or in combina-
tion with the chemotherapeutic doxorubicin (Dox, 0.1-1.0 �M) was

evaluated through MTS assay (n = 3) in two human breast cell lines:
MDA-MB-231 (malignant; invasive) and MCF10A (non-malignant).
For the MCF10A cell line, both CM2D 10x (p < 0.05) and CM3D 10x
(p < 0.001) significantly decreased the cytotoxicity induced by Dox
at 0.1 �M, while for MDA-MB-231 cells, CM2D and CM3D treat-
ments only slightly increased cancer cell viability in the presence
of Dox (n.s.). Overall, this study revealed a protective effect of the
MSCs-CM against the cytotoxic effect of Dox in non-tumor breast
cells, which was more marked for CM3D. Further studies are needed
to better understand the underlying mechanisms of hnMSCs-CM in
breast cancer.

https://doi.org/10.1016/j.toxlet.2018.06.581

P03-13
Decreased telomeres length in patients with
glioblastoma multiform

E.K. Vakonaki ∗ , G.A. Vaki, K. Tsiminikaki, A. Alegkakis,
K. Kalliantasi, P. Fragkiadaki, M. Flamourakis, D. Tsoukalas,
I. Fragkiadoulaki, M.N. Tzatzarakis, A.M. Tsatsakis

Medical School, University of Crete, Laboratory of Toxicology,
Heraklion, Crete, Greece

Introduction: Glioblastoma Multiforme (GBM) is the most com-
mon and lethal of human primary central nervous system tumours,
poor survival (14-16 months) despite optimal treatment options
such as surgery, radiation and chemotherapy. The poor prognosis of
the disease is attributed to the relative inaccuracy of current prog-
nostic markers that are notably based on clinical and pathological
variables. The aim of the study is to associate decreased telomere
length with glioblastoma multiform.

Methods: Blood samples were collected from 8 patients with
GBM. Metaphase spread leukocytes were isolated from peripheral
blood. Telomere’s length was measured by Q-FISH with (C3TA2)3
PNA probe. Were measured 10 metaphases of each individual and
analyzed by Image-J. Basic statistical tests such as independent
samples t-test were used.

Results: Age of participants was 50.4 ± 18.3 ranged from 21-75
years old. Four of them were under radiotherapy and temozolomide
administration. The median length and their quartiles of telomeres
from the whole chromosome was 7.58 (5.62-9.76) Kb while the cor-
responding values of the short (<20th quartile) telomeres was 4.53
(4.12-5.02) Kb. Control median of length from the whole telom-
eres was significantly greater than the GBM group (p < 0.01) and
the same results was observed for the short telomeres (p < 0.01).
The proportion of extremely short telomeres (<3 Kbs) was ranged
from 0.0-51.8%. No signficant differences were found when median
telomere length was competed between when patients with or
without therapy (p = 0.715 for whole, p = 0.219 for short telomeres).

Conclusion: These are preliminary results of a developing
database on telomere length. Although a bigger sample of GBM
patients was needed, results shows that telomere length is
extremely lower than healthy participants.

https://doi.org/10.1016/j.toxlet.2018.06.582
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P04 – Clinical Toxicology

P04-01
An autopsy case of diphenhydramine poisoning

S. Furukawa

Shiga University of Medical Science, The Department of Legal
Medicine, Otsu, Japan

Introduction: Diphenhydramine is an ethanolamine derivative
actiong as a histamine H1-recepter antagonist. As diphenhy-
dramine also has sedative and anticholinergic properties, it is used
widely in numerous over-the-counter preparations.

Case Report: A 55-year woman with bipolar psychiatric
disorder was found dead. She took massive ingestion of an over-
the-counter product marketed as an antiemetic that was found
to contain 50 mg of diphenhydramine salicylate per tablet. The
skin was dry and muscle tome was elevated in the extremi-
ties. An autopsy showed tracheal and bronchial lumina contained
serosanguinous liquid. The lungs demonstrated extraordinary
severe vascular congestion, associated with increased weight (left,
478.4 g; right, 355.0 g). Other organs demonstrated no remark-
able findings except for moderate congestion. Concentrations of
diphenhydramine in sera stored at −40 ◦C later were determined
by high-performance liquid chromatography. Serum and urine
diphenhydramine concentrations were 151 �g/ml and 3978 �g/ml,
respectively.

Conclusion: Drewell EX (SSP CO.LTD. Tokyo, Japan), the over-
the-counter product contains 50 mg of diphenhydramine salicylate
per tablet. A fatal adult case of acute diphenhyrdramine poisoning
was extremely rare.

https://doi.org/10.1016/j.toxlet.2018.06.583

P04-02
The possibility use of psyllium as appropriate
alternative for allopurinol in treatment of
hyperuricemic patient: A case report

A. Ebadollahinatanzi 1,∗ , G. Arabrahmatipour 2

1 Agricultural Research, Education and Extension Organization
(AREEO), Institute of Technical and Vocational Higher Education,
Agriculture Jihad, AREEO, Department of Medicinal Plants, Imam
Khomeini Higher Education Center, Karaj, Iran
2 Medical Sciences of Tehran University, Department of Biochemistry,
Farabi Hospital Laboratory, Tehran, Iran

Purpose: The synthetic drugs used in hyperuricemic patients can
make some adverse effects such as hepatotoxicity. Therefore, the
use of natural based medicine for curing this kind of diseases has
been grown worldwide. Our before study showed that psyllium and
allopurinol, together, could be effective in the treatment of hype-
ruricemia. In this study, the possibility use of psyllium separately
for treatment of a patient with increased serum uric acid levels has
been investigated.

Case: The case was a 51-year-old man with pain in the joints,
whose biochemical tests in several times showed an increased
serum uric acid levels with average of 10.5 ± 0.3 mg/dL. He was pre-
scribed with daily use of 5 grams of psyllium seeds in 150 ml water.
This treatment continued for a 20 day period. Then, this treatment
was followed up for another 20 days with the same dose which was
taken by patient as alternate. Quantitative diagnostic kits and auto
analyzer instrument were used to analyze serum.

Results: There were seen significant differences in uric acid lev-
els of the patient treated with psyllium when compared with values
obtained from before treatment (p < 0.01). The mean serum uric

acid levels of the patient were reached up to 8.1 ± 0.2 mg/dL and
6.8 ± 0.1 mg/dL 20 days and 40 days after treatment, respectively.
Considering the normal range of uric acid which is 3.6-8.2 mg/dL;
it can be concluded psyllium, as an alternative for allopurinol, is
capable to lower serum uric acid level in hyperuricemic patient.

https://doi.org/10.1016/j.toxlet.2018.06.584
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Levels of heavy metals and essential minerals in
hair samples of children with autism in Algeria:
A case–control study

Y. Zebbiche1,2,∗ , M.S. Bencherif 2, H. Boughazi 2, S. Aries 1,
A. Amziane 1,2, R. Djidjik 2,3, B. Alamir 1,2

1 National Center of Toxicology, Algiers, Algeria
2 Faculty of pharmacy, Algiers, Algeria
3 Laboratory of Immunology, CHU Beni Messous, Algiers, Algeria

Background and Objectives: Reported rates of autism have
increased sharply all over the world, one possible factor underly-
ing these increases is a higher exposure to environmental pollution
there for a higher exposure to metals. In recent years, it has been
theorized that children with autism may be poor detoxifiers com-
pared to normally developing children. The theory is sometimes
referred to as the “poor excretor theory”. The aim of this work is
to compare the concentration of metals and metalloids (toxic and
essentials) in the hair of autistic and non-autist children.

Methods: After the optimization and validation of a dosage
method using an ICP-MS, Lead, Arsenic, Cadmium, Chromium, Sele-
nium and Copper concentrations were measured in hair samples of
30 autistic children, aged 3 to 9 years, and compared to a control
group.

Results: By comparing hair concentration of autistic vs non-
autistic children, lower hair concentrations were found among the
autistic children for the following toxic metals lead (p = 0.010 for
n = 29,), cadmium (p = 0.044 for n = 29) and chromium (p = 0.016 for
n = 27,) the differences were statistically significant, but the differ-
ence was not statistically significant for the arsenic (p = 0.725 for
n = 28,), and higher hair concentrations of the essential minerals
selenium (p = 0.010 for n = 30,) and copper (p = 0.033 for n = 26,) the
differences were statistically significant.

Conclusion: The results of this study converge to incriminate
the association between metal exposure and autism spectrum dis-
orders.

https://doi.org/10.1016/j.toxlet.2018.06.586
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Prospective follow-up study on battery
ingestion in children in the Netherlands

J.J. Nugteren , C.C. Hunault ∗, A.J.H.P. van Riel, I. de Vries

University Medical Center Utrecht, Dutch Poisons Information
Center, Utrecht, Netherlands

Purpose: In the 1990-2000s, several large North-American stud-
ies increased the awareness about the risks of button ingestion
in children. Identified risk factors for severe complications were
lithium-type button batteries, large diameter cells and age <4 years.
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We aimed to study the current frequency and circumstances of
(severe) complications after battery ingestion in children in the
Netherlands, in recent years.

Methods: A prospective follow-up study was conducted in
2011-2015 at the Dutch Poisons Information Center (DPIC). All
consecutive cases of battery ingestion in children <6 years were
included. Follow-up was performed by using a standardized ques-
tionnaire, over the telephone. The primary outcome was the
occurrence of major complications (i.e. severe symptoms and/or
death).

Results: During a 4-year period, 1026 cases of human bat-
tery exposure were reported to the DPIC (annual incidence of
15.3 potential battery ingestion per million population). N = 405
exposures in which the patient was <6 years and had ingested
(witnessed or suspected) at least one battery, were included in
the study. In 229 children (57%), a battery was detected (spon-
taneous passage, positive X-ray or endoscopic removal). Button
batteries with a diameter <15 mm were most often involved (54%
of the batteries). Batteries with a diameter ≥15 mm were more
often located in the oesophagus/throat than batteries with a smaller
diameter (p < 0.001). All button batteries with a diameter ≥15 mm
located in the oesophagus/throat were endoscopically removed
(N = 8). No severe complications or fatalities were reported; the
confidence interval (CI) for the occurrence of a severe complica-
tion was [0%, 1.3%]. Local injury was noticed in 9 patients (3.9%; CI:
[1.9, 7.6]).

Conclusions: In this study, the annual incidence of battery
ingestion per million population in the Netherlands is comparable
to the North-American annual incidence reported between 1985
and 2009 (between 6.3 & 15.1). Batteries with a diameter ≥15 mm
are more often located in the oesophagus/throat than batteries
with a smaller diameter and therefore pose a higher risk for local
injuries or severe complications. The frequency of occurrence of
severe complications after battery ingestion in children is low, but
not negligible.

https://doi.org/10.1016/j.toxlet.2018.06.587

P04-06
Benzylpiperazine (BZP) additively increases
Methylenedioxymethamphetamine (MDMA)
cardiotoxicity in H9c2 cells, an effect
potentiatted by hyperthermia

F. Carvalho , M.D.L. Bastos, S.O. Silva ∗, H. Carmo, D.D.D. Silva

Faculty of Pharmacy University of Porto, Laboratory of Toxicology,
Porto, Portugal

Synthetic psychotropic substances, including ecstasy (3,4-
methylenedioxymethamphetamine, MDMA) and benzylpiperazine
(BZP) are frequently used in combination at recreational settings
that exacerbate their hyperthermic effects. Considering that each
of these drugs can lead to severe cardiotoxicity, and that hyper-
thermia is a well-known condition that potentiates the toxicity of
amphetamines, our hypothesis was that exposure of cardiac cells
to this mixture would reveal responses that potentially differ from
single drug toxicities, especially under increased temperature
settings.

Therefore, we assessed the in vitro cardiotoxic effects of the
single drugs and their combination in H9c2 cardiomyocytes. Cells
were exposed to individual drugs and their mixture (MDMA:BZP
8:2 ratio based on concentrations found in blood of intoxicated
patients) for 24 h, at 37 ◦C and at 40.5 ◦C. After exposure, via-
bility was recorded by the MTT assay and mixture expectations
were calculated using independent action (IA) and concentration
addition (CA) models. Changes in lisossomal integrity, intracel-

lular glutathione (GSH/GSSG), ATP, reactive species (ROS/RNS),
and mitochondrial membrane potential (��m) were also
evaluated.

Our data showed that MDMA (EC50 1.74 mM at 37 ◦C and
1.17 mM at 40.5 ◦C) was more toxic than BZP (EC50 2.72 mM
at 37 ◦C and 1.93 mM at 40.5 ◦C). Toxicities predicted by both
IA and CA models were coincident and accurately estimated
the experimentally observed additive mixture effects. Overall,
hyperthermia aggravated the cardiotoxic effect of both drugs, indi-
vidually and in mixture, affecting the cellular redox status, with
increased generation of ROS/RNS and GSSG, depletion of GSH
and ATP, decreased lisossomal uptake, and mitochondrial depolar-
ization. Apoptosis also increased under hyperthermic conditions.
From a clinical perspective, the observed additive cardiotoxic-
ity raises concern about a potential deterioration of the health
of abusers, specially under recreational conditions that favour
hyperthermia.

https://doi.org/10.1016/j.toxlet.2018.06.588
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Metabolic dysfunction and obesogenic effects in
individuals with the acute and chronic
intoxication of pesticides

N. Bubalo ∗ , G. Balan, P. Zhminko, V. Bubalo, T. Usenko,
I. Rashkivska

L.I.Medved’s Research Center of Preventive Toxicology, Food and
Chemical Safety Ministry of Health, Ukraine, “Institute of
Experimental Toxicology and Biomedical Research”, Kyiv, Ukraine

Over the last decade, there has been a significant increase in the
incidence of obesity in all age groups, but the mechanisms of its
development and progression have not studied in full. The stud-
ies of the contribution of some xenobiotics to the development
of obesogenic effects show the role of pesticides, which called
obesogens. In this study are agricultural workers with the acute
poisoning of 2,4-D pesticides. In this case, we observed patients
for a long period of time from 2001 until nowadays. The screening
has been done 2001, 2003, 2012, 2018 years. Along with neuro-
logical disorders, the toxic liver damage was detected, followed
by the formation of hepatosteatosis in 35.8% of cases in patients
with acute poisoning with 2,4-D herbicides, which was associated
with the formation of metabolic disorders: dyslipidemia with a
predominance of low-density lipoprotein (LDL), triglycerides and
total cholesterol, and hyperinsulinemia. After 3 years of dynamic
observation was determined the formation of obesogenic effects
was observed (with an increase in the body mass index in 48% of
cases in patients with the acute poisoning with 2,4-D herbicides).
At the last time, only 23 patients have been investigated. That way
we will compere only this 23 patients with a control group (9 office
workers). We focused on such indicators as and received subse-
quent results within such ranges: triglycerides 0,78-3,72 mmol/L,
cholesterol 4,04-8,61 mmol/L, high-density lipoproteins (HDL)
0,97-2,64 mmol/L, low-density lipoprotein (LDL)1,2-5,04 mmol/L,
very low-density lipoproteins (VLDL) 0,36-1,71, atherogenic index
of plasma (AIP) 1,1-7,36 and adiponectin 2,59-22,23. Anthro-
pometric parameters were measured in patients and the body
mass index (BMI) have been calculated (ranges 27-43). There
is an imbalance of fatty tissue hormones (adiponectin) was
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revealed in patients who underwent acute poisoning of 2,4-D
herbicides.

https://doi.org/10.1016/j.toxlet.2018.06.590

P04-09
Interest of methemoglobine dosage in patients
under dapsone

S. Fatima Zohra

Faculty of Medicine, Pharmacy, Oran, Algeria

Introduction: Dapsone is a sulfone antibiotic and potent anti-
inflammatory which was traditionally an antileprosy drug, but the
it use has expanded into the treatment of other dermatological
pathology.

Dapsone metabolites N-hydroxylated are responsible of its
adverse effects dose-dependent: hemolysis and methemoglobi-
naemia. That why the implementation of this treatment and the
modification of the dose requires, by consequence an attentive
clinical and biological surveillance.

This work aims to show the interest of dosage of the methe-
moglobin in the take charge of patients under dapsone.

Material and Methods: We have analyzed twenty samples
of nine patients followed at the service of dermatology at 1st
November 1954 hospital of Oran, Algeria. These patients are under
dapsone or in whom the doctor intends to introduce this treatment.
The measurement of methemoglobin is made by the Evelyn Malloy
modified method on Varian spectrophotometer.

Discussion and Conclusion: All patients followed have a nor-
mal initial methemoglobinaemia (less than 2%) with an NSF normal
witch allowed the indication of the dapsone. But almost half of
these patients (44%) have a pathological methemoglobinaemia
(more than 2%) after taking the dapsone at a dose of 100 mg/d.
While one case that presents an abnormal value after taking only
a dose of 50 mg/d during eight days. According to the methe-
moglobinemia at day 8, the dose of dapsone in these patients was
either maintained or regressed.

These results show that the dosage of the methaemoglobin has
a great interest both in the decision-making by the dermatologist
to prescribe the dapsone and in the monitoring of patients under
this treatment.

https://doi.org/10.1016/j.toxlet.2018.06.591
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Impact of diabetes on gabapentin
pharmacokinetics in patients with neuropathic
pain

A.C.C. Costa 1,∗ , P.A. Yamamoto 2, J.R.D.L. Benzi 1, G.R. Lauretti 3,
N.V. de Moraes 2

1 School of Pharmaceutical Sciences of Ribeirão Preto, University of
São Paulo, Ribeirão Preto, Brazil
2 School of Pharmaceutical Sciences, São Paulo State University,
Araraquara, Brazil
3 School of Medicine of Ribeirão Preto, University of São Paulo,
Ribeirão Preto, Brazil

Introduction: Gabapentin (GBP), an anticonvulsant used in the
treatment of neuropathic pain and diabetic neuropathy, is primar-
ily eliminated by renal excretion, partially depending on organic
cation transporter 2 (OCT2) activity. Type 2 diabetes reduces the
level of OCT2 transporters by 50% in rat kidneys.

Purpose: the aim of this study was to determine whether the
diabetes alters GBP pharmacokinetics in patients with neuropathic

pain. Methods: The clinical protocol was approved by the local
Ethics Committee (CAAE: 34175314.3.0000.5403). Patients with
neuropathic pain score ≥ 4 on visual analogue scale due to cervi-
cal/lombar disc herniation (n = 11) or due to type 2 diabetes (n = 13)
were included. Participants were treated with a single oral dose of
300 mg GBP. Serial blood and urine samples were collected up to
36 hours after administration. Pharmacokinetic parameters were
estimated using non-compartmental analysis.

Results: Type 2 diabetes maximum plasma concentration (Cmax)
(Cmax = 2.45 �g/mL vs. 1.49 �g/mL, p = 0.0008), without changes in
the time to reach Cmax (tmax) and in the area under the curve
plasma concentration versus time (AUC) extrapolated to infinity
(AUC = 25.3 �g.h/mL vs. 15.8 �g.h/mL, p = 0.1163;). Higher apparent
total clearance (Cl/F = 18.9 L/h vs. 11.8 L/h, p = 0.0159) and higher
apparent volume of distribution (Vd/F = 155.3 L vs. 101 L, p = 0.0061)
were observed in diabetes comparing to control. No statistical dif-
ferences were observed on renal clearance (ClR) between groups
(ClR = 5.3 L/h vs. 4.9 L/h; p = 0.8516).

Conclusion: Type 2 diabetes decreased Cmax by 42% and
increased gabapentin apparent total clearance and apparent vol-
ume of distribution in patients with neuropathic pain. These
alterations were attributed to the effects of diabetes on absorp-
tion and distribution mechanisms, since the renal clearance of GAB
was similar between groups.

https://doi.org/10.1016/j.toxlet.2018.06.592
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Use of in silico methods in IATA for skin
corrosion and irritation

A. Abe ∗ , T. Sezaki, K. Kinoshita

Mitsui Chemicals, Inc., Chemicals Safety Department, Chiba, Japan

For the appropriate risk assessment of chemicals, reliable informa-
tion on the chemicals is indispensable. As for hazard information,
from the viewpoint of animal welfare, the use of various alternative
methods, such as in chemico, in vitro and in silico methods, is desir-
able. However, the issue here is that it is difficult to obtain reliable
data using just a single alternative method.

The Integrated Approach on Testing and Assessment (IATA) is
considered to be one of the promising ways to overcome this dif-
ficulty. In this approach, information from various sources such as
existing information, in silico, in chemico and in vitro data is inte-
grated and a comprehensive assessment is conducted to obtain data
with a higher reliability.

The concept of IATA is made clear regarding skin corrosion and
irritation assessment in the OECD Guidance Document No. 203,
published in 2014. However, compared to clearly defined in vitro
and in vivo tests in Part 3 of “Additional testing”, there still remains
a lack of clarity in Part 1 & 2 of “Existing information and WoE”.
For example, to actually conduct assessments, it is necessary to
determine more specific measures such as what sources to refer
to when gathering existing information, what software to use, and
what kind of predictions to make with in silico methods.

In our poster, we report on a case in which we consider specific
prediction procedures using the QSAR Toolbox and measures in
order to obtain reliable prediction results with regards to the Read-
Across from similar compounds.

https://doi.org/10.1016/j.toxlet.2018.06.593
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Large-scale in silico screening of compounds
contained in printing inks for food packaging
materials

M. Smieško 1,∗ , C. Don 1, R. Meuwly 2, S. Kucsera 2,
B.J. Brüschweiler 2

1 University of Basel, Pharmaceutical Sciences, Basel, Switzerland
2 Federal Food Safety and Veterinary Office, Bern, Switzerland

Providing sustainable and safe nutrition to the population is one of
the main tasks of the modern food industry. While food packaging
materials fulfill their invaluable protective role, certain substances
can migrate from them into food. In order to identify potentially
harmful chemical compounds contained in printing inks for food
packaging materials we performed a virtual screening study along
with a complex toxicokinetic characterization.

We compiled a list of 3481 chemicals unambiguously identi-
fied by the CAS number and accompanied by the the SMILES code.
Next, structure conversion routines and on-line services were used
to obtain a 3D computer representation of each chemical. The raw
structures were further processed using software LigPrep [1]. The
resulting structures were refined using MacroModel [1] and for-
warded as input for the evaluation of toxicokinetic parameters and
descriptors using QikProp [1] software as well as for the virtual
screening using the VirtualToxLab [2] technology. In total, 3075
compounds have been successfully screened by flexible docking
and pose scoring for their binding towards 16 human anti-targets:
10 nuclear receptors, 4 cytochromes P450, the aryl hydrocarbon
receptor and the hERG ion channel. For each structure, the overall
toxic potential was calculated and evaluated along with toxicoki-
netic properties. Finally, compounds fulfilling the criteria for oral
availability, aqueous solubility and simultaneously showing a sig-
nificant binding affinity at screened off-target(s) were clustered
into substance classes by a fingerprint-based similarity search.

The obtained in silico data allow identification of single poten-
tially harmful compounds as well as decode general trends in
substance classes.

[1] Schrodinger LLC.
[2] Biographics Laboratory 3R

https://doi.org/10.1016/j.toxlet.2018.06.594

P05-03
BioCelerate Toxicology Data Sharing initiative:
Development of a centralized, searchable
Preclinical Data Repository for the
Biopharmaceutical Industry

T.G. Bjerregaard 1,∗ , M. Graziano 2, E. Vock 3, G. Kahlbaugh 4,
W. Houser 5, T. Page 6, K. Mera 7, T. Fukushima 7, M. Kuzumoto 7,
S. Frahm 8

1 Novo Nordisk, Copenhagen, Denmark
2 Bristol-Myers Squibb, Princeton, US
3 Boehringer Ingelheim Pharma GmbH & Co, Biberach an der Riss,
Germany
4 Boehringer-Ingelheim Pharmaceuticals, Inc, Ridgefield, US
5 Bristol-Myers Squibb, New Brunswick, US
6 Eli Lilly and Company, Indianapolis, US
7 Shionogi & Co., Ltd., Osaka, Japan
8 BioCelerate, Conshohocken, US

BioCelerate, a subsidiary of TransCelerate, is a preclinical industry
consortium driving initiatives to increase efficiency and productiv-
ity in early stage R&D. Motivated in part by the FDA’s Strategic Plan
for Regulatory Science and binding guidance requiring CDISC SEND

standard format for nonclinical data, the Toxicology Data Shar-
ing Initiative was launched to enable participants to make more
informed decisions on compound progression based on increased
understanding of on-target and off-target toxicity.

Via access to a cloud-based data sharing platform, DataCeler-
ate, participants have the ability to share, search for, visualize,
and export de-identified unstructured (PDF format) and structured
(SEND-compliant format) data sets stored in curated toxicology
and background control data repositories. Long term, the platform
will support and link TransCelerate and BioCelerate data shar-
ing initiatives, facilitating valuable insights across the entire drug
development continuum. Presented here are the core capabilities,
use cases, and system architecture for the data sharing platform
as well as the principles guiding data sharing and collaboration
amongst BioCelerate participants.

https://doi.org/10.1016/j.toxlet.2018.06.595
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Ligand based and structural based modeling for
the understanding, classification and prediction
ofmitochondrial toxicity

J.C. Gómez-Tamayo 1,∗ , F. Troger 2, M. Pastor 1, U. Norinder 3,
B. Zdrazil 2, G. Ecker 2

1 University Pompeu Fabra, DCEX, Barcelona, Spain
2 University of Vienna, Department of Pharmaceutical Chemistry,
Vienna, Austria
3 Swetox Karolinska Institutet, Unit of Toxicology Sciences, Södertälje,
Sweden

Mitochondrial toxicity is an extremely important endpoint, involv-
ing a large number of mechanisms. In this work, carried out in the
context of the EU-ToxRisk project (http://www.eu-toxrisk.eu/) we
present the application of two families of computational meth-
ods (ligand based and structure based) with the aim of improve
our understanding of the mechanisms, recognize the most likely
mechanisms of a mitochondrial toxicant and, ultimately, predict
the mitochondrial toxicity of query compounds.

Initially, ToxCast data was scraped to get a set of mitochondrial
toxic and non-toxic compounds obtaining 244 active and 758 inac-
tive structures. Machine learning models using different algorithms
and descriptors were produced yielding acceptable quality prelimi-
nary models (Mathew Correlation Coefficient over 0.42). In a second
step, we developed local machine learning models able to discrim-
inate between diverse toxicity mechanisms (compounds toxic for
mitochondrial complexes I, II and III) yielding 75% of accuracy in
systematic external test validation. Additionally, pharmacophore
based models of complex compounds were created to enrich the
models incorporating 3D features not captured by the molecular
descriptors used by the machine learning models.

In parallel, we performed structure based studies using Complex
I cryo-EM structure of the human respiratory complex I (5XTD) with
the aim to elucidate the binding mode of complex I inhibitors. The
inhibitor binding site was defined using SiteMap and by project-
ing mutational data from bacterial species onto the human protein
sequence. Further common scaffold clustering of the docking poses
for rotenone and deguelin helped to identify a common binding
mode for these strong complex I inhibitors.

This project has received funding from the European Union’s Hori-
zon 2020 research and innovation programme under grant agreement
No 681002.

https://doi.org/10.1016/j.toxlet.2018.06.596
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Imaging and computational modelling to
unravel the dynamics of the oxidative stress
pathway upon repeated perturbation

I.A. Kuijper 1,∗ , L.J.M. Bischoff 1, D. Noort 2, J.P. Langenberg 2,
B. van de Water 1, J. Beltman 1

1 Leiden University, LACDR, Division of Drug Discovery and Safety,
Leiden, Netherlands
2 TNO, Reisweik, Netherlands

Drug induced liver injury (DILI) is a risk to human health, and makes
the development of safe drugs time-consuming and costly. The
oxidative stress pathway is an important pathway in protecting the
liver against DILI. To mechanistically understand the protective role
of this pathway, we imaged reporter cell lines for both a transcrip-
tion factor (Nrf2) and a downstream target (Srxn1) with confocal
microscopy. Specifically, we mapped the dynamics of these path-
ways upon repeated exposure to the chemicals DEM and tBHQ,
which are known to induce oxidative stress. During the first expo-
sure, the peak values of Nrf2 and Srxn1 were linearly related, albeit
with a different slope for the two studied chemicals. However, this
linear relationship was lost during the second exposure. Moreover,
the peak value of Nrf2 was slightly higher during the first than dur-
ing the second exposure at the same concentration, whereas the
downstream target Srxn1 exhibited opposite behaviour, i.e., the
Srxn1 peak after the second exposure was up to 4 times higher
compared to the first exposure.

In order to understand the mechanisms underlying these
experimental observations, we developed an ordinary differential
equation (ODE) model. Our initial model could describe the dynam-
ics of the pathway upon first exposure, yet could not fully capture
the dynamics observed after the second exposure. We are currently
extending the model with additional pathway elements based on
gene expression profiling. Such dynamic modelling of cellular stress
pathway activation and its relation to onset of cellular adversity in
the presence of different chemicals during repeated exposure sce-
narios is expected to play an important role in the prediction of DILI
in the future.

https://doi.org/10.1016/j.toxlet.2018.06.597

P05-06
Development of a Robust In Silico Profiler to
Screen for Nephrotoxicity Endpoints

J. Pletz 1,∗ , D.J. Ebbrell 1, S.J. Enoch 1, J.W. Firman 1, J.C. Madden 1,
S.D. Webb 2, M.T.D. Cronin 1

1 Liverpool John Moores University, School of Pharmacy and
Biomolecular Sciences, Liverpool, UK
2 Liverpool John Moores University, Department of Applied
Mathematics, Liverpool, UK

Approximately 20% of cases of acute renal failure (ARF) in critically
ill patients are attributed to the administration of drugs. Computa-
tional (in silico) toxicology approaches can assist in the screening,
and hence identification, of compounds with the potential to induce
adverse effects, including nephrotoxicity. Structure-activity rela-
tionships, captured as structural alerts, are a useful means of
rationalising such organ level toxicity, but are poorly organised for
effects to the kidney. The purpose of this study was to compile
structural alerts for kidney toxicity and assess their robustness and
sensitivity/specificity. The structural alerts obtained were ratio-
nalised to remove duplication and coded into SMARTS strings.
The alerts were tested against a dataset of more than 180 known
nephrotoxicants and a smaller number of non-nephrotoxicants.

The alerts were evaluated for robustness and specificity by the fre-
quency of their occurrence in nephrotoxicants. In total, over 200
structural alerts were obtained and coded. Some of these were
general in nature (referring to common molecular scaffolds) or
related to individual molecules, whereas others related to specific
molecular fragments. The initial set of alerts identified all but 11
of the nephrotoxicants which allowed for further alerts to be cre-
ated (e.g. for inorganic compounds). Due to the general nature of
some alerts, the sensitivity (identification of potential nephrotoxi-
cants) of this computational profiler is high, however the specificity
is low. The sensitivity rate makes the profiler suitable as a basis for
grouping and read-across and, if used as a conservative indicator,
for hazard assessment. The analysis indicates the need for refine-
ment of the general alerts and an improved data set, especially of
non-nephrotoxicants.

https://doi.org/10.1016/j.toxlet.2018.06.598
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Predicting in silico the
Direct-Peptide-Reactivity-Assay (DPRA) within
the Allergic Contact Dermatitis framework: A
module accounting for test variability and
abiotic transformations

A. Detroyer 1,∗ , H. Ivanova 2, J. Eilstein 1, C. Piroird 1, S. Imbert 1,
A. Del Bufalo 1, I. Popova 2, C. Kuseva 2, I. Karakolev 2,
S. Dimitrov 2, O. Mekenyan 2

1 L*’Oréal, R&I, Aulnay-sous-Bois, France
2 University “Prof. As. Zlatarov”, Laboratory of Mathematical
Chemistry, Bourgas, Bulgaria

Allergic Contact Dermatitis (ACD) depends, amongst other param-
eters, on the ability of chemicals to covalently bind with skin
proteins. Thus, in chemico methods like Direct-Peptide-Reactivity-
Assay (DPRA) were developed as one of the alternatives to the
animal ACD tests, i.e Local-Lymph-Node-Assay (LLNA).

In this context, mechanistically based in silico DPRA models were
build, to potentially be used for the screening/design of new chem-
icals and to help evaluate experimental DPRA results at the tests’
limits (low solubility chemicals, . . .).

Today, based on our DPRA and LLNA data variability study*, our
models contain mechanistically justified Cysteine and Lysine pep-
tide alerts at the 13% and 42% reactivity level with a 95% confidence.
They are applied on chemicals and their oxidative derivatives gen-
erated by abiotic activation transformations, predicting the worst
case scenario. These models present good predictive performance
(ex. by external validation) and high transparency (justifications,
applicability domain).

* Journal of Applied Toxicology: ‘Accounting for data variability,
a key factor in in vivo/in vitro relationships: application to the skin
sensitization potency (in vivo LLNA versus in vitro DPRA) example’;
S. Dimitrov, A. Detroyer, C. Piroird, C. Gomes, J. Eilstein, T. Pauloin,
C. Kuseva, H. Ivanova, I. Popova, Y. Karakolev, S. Ringeissen and
O. Mekenyan; DOI: 0.1002/jat.3318 http://onlinelibrary.wiley.com/
doi/10.1002/jat.3318/Abstract

https://doi.org/10.1016/j.toxlet.2018.06.599
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ToxicBlend: Virtual screening of toxic
compound with ensemble predictors

M. Zaslavskiy ∗ , S. Jegou, E.W. Tramel, G. Wainrib

Owkin, Paris, France

Background: Timely assessment of compound toxicity is one of
the biggest challenges facing the pharmaceutical industry today. A
significant proportion of compounds identified as potential leads
are ultimately discarded due to the toxicity they induce. In silico
models for molecular activity prediction have become critical for
drug discovery and other biotechnology industries. These methods
also prove very important for the prediction of intrinsic chemical
properties (such as solubility or acidity constant) or target affinity
prediction, including potential toxicity effects, a crucial step in the
development of new drugs.

Methods: We propose a novel machine learning approach (Tox-
icBlend) for the prediction of molecular activity on ToxCast targets
(618 high-throughput cell-based assays corresponding to about
300 cell signaling patways). We combine extreme gradient boost-
ing with fully-connected and graph-convolutional neural network
architectures trained on QSAR physical molecular property descrip-
tors, PubChem molecular fingerprints, and SMILES sequences.

Results: Our ensemble predictor leverages the strengths of each
individual technique, significantly outperforming existing state-of-
the art models on the ToxCast toxicity prediction datasets (>8000
molecules, 618 HT assays). Compared to a recently introduced
graph convolution kernel approach, our method significantlys
improve the detection of toxic molecules, with the average AUC
(area under curve) score improved from 0.64 to 0.7. We analyze
and describe the impact of different factors important for the reli-
able prediction of compound toxicity such as the number of active
molecules previously detected for a given target and the difference
between the new (test) molecules and molecules used to train the
prediction model. We discuss how these insights can help guide
further generation of toxicology datasets as well as build more
performant and reliable computational models.

We provide free access to molecule toxicity prediction tool using
our model at http://www.owkin.com/toxicblend

https://doi.org/10.1016/j.toxlet.2018.06.600
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Development of an in silico model to evaluate in
vivo chromosome damaging potential of
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2 Vrije Universiteit Brussel, In Vitro Toxicology and
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3 Istituto di Ricerche Farmacologiche Mario Negri, Environmental
Health Sciences, Milano, Italy

In silico methods are vastly gaining recognition and importance in
various regulatory fields. The major advantage of these computer-
based techniques, in contrast to in vivo and in vitro methods, is
their ability to make fast, resource-saving and reproducible predic-
tions for virtually any (toxicological) endpoint. In chemical safety
assessment, genotoxicity is a key toxicological endpoint due to its
link with a range of adverse human health effects including can-
cer. In silico tools are increasingly used to investigate the genotoxic
potential of compounds, particularly when screening large num-
bers of substances. Robust in silico models are currently available for

(Ames) mutagenicity, however, not yet for chromosome damage.
The present study involves the development of an in silico pre-
diction model for the latter genotoxic endpoint. More specifically,
public and private in vivo micronucleus test data originating from
various regulatory domains (cosmetics, industrial chemicals, etc.)
were collected and curated. Next, SARpy modelling was applied
on a final dataset of 718 substances in order to build multiple sta-
tistical (QSAR) models by using parameter variation. Based on the
validation results, the QSAR model with the best accuracy/coverage
balance is associated with a prediction accuracy of 68% for a cov-
erage of 90%. Prediction performance can be further increased
through combination with expert knowledge. In a later stage, the
model will be integrated in LifeSPHERA, the first in silico risk assess-
ment tool that is being developed.

https://doi.org/10.1016/j.toxlet.2018.06.601
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DynOVis: A new tool to visualize dynamic
perturbations of biological networks after toxic
exposure

T. Kuijpers ∗ , J.C.S. Kleinjans, D.G.J. Jennen

Department of Toxicogenomics, GROW-School for Oncology and
Developmental Biology, Maastricht University, Maastricht,
Netherlands

Introduction: The development of high throughput sequenc-
ing techniques provides us with the possibilities to obtain large
datasets, which capture the effect of toxic dose and time on cel-
lular processes. However, because of the dynamic nature of these
cellular processes, the analysis of the results is challenging. There-
fore there is a great need for new bioinformatics tools that address
this problem.

Here, we present a new visualization tool that provides dynamic
network visualization

Method: DynOVis is an integrated work frame of R packages and
JavaScript libraries, and is made freely available using the R shiny
package. The tool is designed as a web based application and can
be used locally or hosted on a remote server. This makes it easy for
users to run the application on their laptop.

DynOVis offers a force-directed graph network style, involving
multiple network analysis methods such as degree threshold, but
more importantly, it allows for node expression animations as well
as a frame-by-frame view of the dynamic exposure.

Valuable biological information can be highlighted on the nodes
in the network, by the integration of various databases within
DynOVis. This information includes pathway-to-gene associations
from ConsensusPathDB, disease-to-gene associations from the
Comparative Toxicogenomics databases, as well as Entrez gene
ID, gene symbol, gene synonyms and gene type from the NCBI
database.

Results: DynOVis offers a tool for the visualization of dynamic
changes that occur in biological networks which increases the
understanding of the cellular response to perturbations. The ani-
mation and frame-by-frame view enable the user to investigate the
effect of changes in the network across time and to identify impor-
tant nodes. This is an important step forward for unravelling the
effect of dynamic changes in biological systems.

https://doi.org/10.1016/j.toxlet.2018.06.602
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iSafeRabbit

®
QSAR to predict skin and eye

irritation potency of organic chemicals

M. Delannoy 1,∗ , C. Charmeau-Genevois 1,2, F. Bauer 1,
F. Sahigara 1, P. Bicherel 1, N. Mayer 1,2, P. Thomas 1,2

1 KREATiS, L’Isle d’Abeau, France
2 CEHTRA, L’Isle d’Abeau, France

In agreement with the 3R’S commitment (replacement, reduction
and refinement of bioassays performed on laboratory animals)
iSafeRabbit

® 1 is a model that predicts skin and eye irritation
potency of chemicals aiming to replace animal testing for the chem-
icals in its applicability domain.

The model follows the OECD 4042 and 4053 guidelines for in vivo
studies and is based on the calculation of a value for the absorption
of chemicals by the skin and the eye tissue respectively as a func-
tion of exposure time. This absorption value is calculated using the
physico-chemical properties of the chemicals, and it is translated
into a cell burden value causing cytotoxicity and thus irritation.
These values are plotted as a function of the water solubility (or
sub-cooled water solubility in the case of eyes) of the chemi-
cals. The irritation potency results are quantified using a scoring
method developed and proposed by KREATiS, i.e., Simplified Irri-
tation Index: SIISKIN and SIIEYE, which is based on erythema scores
for the skin and on corneal opacity for the eye. These SIISKIN and
SIIEYE scores are related to threshold values which are transcribed
to CLP/GHS classification.

iSafeRabbit
®

models are trained with over 20 chemical families,
comprising over 220 substances using only the highest quality, val-
idated physico-chemical and in vivo data for model development
and validation. So far, the predictions have an average true pos-
itive/negative rate of 50% ranging from 13% to 100% depending
on the chemical family. This poster will briefly outline the mod-
els development, validation strategy and current actions taken by
KREATiS to improve the sensitivity and specificity of iSafeRabbit

®

models.
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Over the last years, the popularity of electronic cigarettes has
increased significantly. An important contributor to this trend is the
availability of a wide variety of flavours used in e-liquid refills. How-
ever, the impact of the use of these flavouring components on the
potential toxicity of e-cigarette vapours remains unclear. Consid-
ering the large number of e-liquid flavours available on the market,

there is an urgent need to establish an efficient screening strategy
to prioritize the substances of highest concern for human health.
In this context, genotoxicity is a key toxicological endpoint as it is
related to a broad range of adverse human health effects includ-
ing cancer. Therefore, in this study, a prioritization strategy based
on a combination of analytical screening, in silico prediction and
literature consultation was developed for identifying potentially
genotoxic substances in e-liquid flavours.

77 e-liquids, representative for the different flavour categories,
were collected on the Belgian market and screened for their chem-
ical composition using GC-MS. By using the National Institute of
Standards and Technology (NIST) research library, 436 individ-
ual components could be identified. Next, the genotoxic potential
of these individual components was investigated in silico with
two complementary (quantitative) structure-activity relationship
((Q)SAR) models (Derek Nexus, Sarah Nexus). In total, 57 flavouring
components were identified with a structural alert for genotoxic-
ity in at least one of the two (Q)SAR models. For these substances,
genotoxicity data was collected from previous European safety
evaluations in different regulatory domains (e.g. by the European
Chemical Agency (ECHA) and the European Food Safety Author-
ity (EFSA)). Genotoxicity could be excluded for only 12 of the 57
components, whilst for 2 of them there is a clear concern for geno-
toxic potential. Data for the remaining components was missing or
ambiguous and hence additional toxicological data is required in
order to be able to exclude genotoxic potential.

The above findings indicate that the use of flavoring components
might pose a potential health risk for e-cigarette users. Further
research is needed to explore to which extent these flavouring
substances are transferred from the e-liquid into the e-cigarette
vapours.

https://doi.org/10.1016/j.toxlet.2018.06.604
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Computational approaches for predicting
Molecular Initiating Events
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The Adverse Outcome Pathway (AOP) provides a framework to
encapsulate the chemical and biological processes that can lead
to toxicological outcomes. The Molecular Initiating Event (MIE) is
the first key event in an AOP, and an MIE can be thought of as a
chemical interaction between a toxicant molecule and a biological
system. If we can understand the chemistry behind these processes
we can link the chemistry of molecules to their biological activity
at specific targets.

We have attempted to do this in several ways. Firstly, 2D chem-
ical structure encodes much of the information about the shape
and interaction potential of molecules. We have utilized chemical
informatics approaches to computationally construct structure-
activity relationships for over 100 human MIEs. Open source data
from ChEMBL is used and maximal common substructure searches
performed to return structural features associated with biological
activity at each MIE. These structural alerts are coded in SMILES to
allow for the rapid in silico processing of large numbers of chemicals
to identify their potential MIEs.

Secondly, we have utilised quantum mechanical density func-
tional theory calculations to probe covalent bond forming reactions
that are associated with the MIE for DNA binding. DNA is able
to directly react with an electrophilic chemical, modifying its

https://www.crackit.org.uk/challenge-19-qsars-mix
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structure and causing damage that can lead to genotoxic adverse
outcomes. By computationally modelling the transition state of
these reactions and calculating the activation energy we can estab-
lish why some molecules are able to react with DNA and return
a positive Ames test, and why some chemically similar molecules
cannot.

Finally, we have begun to investigate the use of chemical and
biological similarity through machine learning and artificial intel-
ligence algorithms to predict MIEs. Neural networks and deep
learning provide a strong platform for MIE prediction due to
their high rates of predictivity. By incorporating large amounts of
ChEMBL and ToxCast data and a variety of chemical descriptors we
aim to use these powerful approaches to predict MIEs.

The in silico prediction of, and increased understanding of, these
MIEs is extremely important for the future of AOP risk assessment.
By incorporating more computational approaches we can improve
the efficiency of safety decision making.

https://doi.org/10.1016/j.toxlet.2018.06.605

P05-14
Identifying potential analogues for read-across
in Physiologically-Based Kinetic (PBK)
modelling

J.C. Madden ∗ , D.J. Ebbrell, M.T.D. Cronin

Liverpool John Moores University, School of Pharmacy and
Biomolecular Sciences, Liverpool, UK

Physiologically-Based Kinetic models are employed in many
sectors (for example pharmaceuticals, food, cosmetics and envi-
ronmental sciences) to provide a realistic indication of the overall
internal exposure to chemicals of interest in humans and ani-
mals. In recent years, there has been a significant increase in the
number of such models being published for a range of chemi-
cals. This provides an opportunity to exploit the known data for
these chemicals to assist in PBK model building for other “sim-
ilar” chemicals. The read-across paradigm in toxicity prediction
and safety-assessment is now well established; predictions for
unknown (target) chemicals are based on information available for
known (source) chemicals. In order for robust predictions to be
made, a clear rationale must be provided to justify the selection
of “similar” source chemicals from which data may be obtained.
Lu et al. (2016) have developed a particularly useful resource -
a Physiologically-Based Pharmacokinetic (PBPK) knowledgebase
derived from data for 307 chemicals for which PBPK models have
been published in the literature. These authors presented cases
studies using physico-chemical descriptors to identify analogous
chemicals that could be used to provide a template for the deriva-
tion of models for similar chemicals. However, as indicated by the
authors, there is no consensus as to which methods of assessing
similarity is the most suitable; it is not possible to determine abso-
lute similarity of one chemical to another – chemicals can only be
considered similar with respect to a given property. In the present
study the chemical space of the 307 chemicals in the knowledge-
base, was compared to that of pharmaceuticals, food additives
and cosmetic ingredients, to ascertain the coverage of the mod-
els and identify where there are gaps in knowledge. In addition,
chemoinformatics-based measures of similarity were applied as
an alternative approach to defining suitable analogues to use as
source chemicals. This analysis enabled the chemical space cover-
age of existing models to be established and demonstrated how
analogue selection was influenced by the similarity assessment
metric applied.

Reference

Lu, J et al. (2016) PLOS Computational Biology; DOI: 10.1371/journal.pcbi.1004495.
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To predict the toxicity of substances using Read-Across or (Q)SAR
models with confidence and reliability, the Mechanism of Action
(MechoA) of substances, i.e. the molecular mechanism by which
they exert their toxicity, must be identified. In the field of eco-
toxicology, several classification methods to predict the Mode of
Action (MoA) of substances exist; however, MoAs are generally not
clearly defined. For toxicology, only prediction schemes for specific
endpoints exist (e.g. carcinogenicity, mutagenicity, sensitisation)
(Benigni et al., 2007, 2013, Enoch et al., 2008). We have developed a
universal method of classification of MechoAs for use in both fields,
applicable to the vast majority of organic chemicals and to various
species, mainly rats and fish (but also human).

In the Adverse Outcome Pathways (AOP) framework, MechoAs
are equivalent to Molecular Initiating Events (MIE). AOPs between
species may differ (e.g. a substance which is an acetylcholinesterase
inhibitor in a rat may be a baseline toxic for algae due to the lack
of AChE receptors in plants) but toxicity can be predicted once the
key events (or final endpoint value) for each species are known.
The first step in understanding and predicting toxicity therefore
resides in defining completely all possible MechoAs. The next step
is to use empirical data to determine the ultimate outcome for each
AOP (with a QSAR per MechoA sub-class and per endpoint).

Using accumulated knowledge on MechoAs from hundreds of
molecules in different species, we developed a set of structural
alerts in a classification scheme based on 6 general MechoAs
(currently divided into 23 sub-classes), which predicts separate
MechoAs for different species whenever applicable. These MechoA
classes are designed to cover all possible chemical interactions
leading to toxicity, while new sub-classes can easily be added when
discovered. Our decision tree obtained 92.0% correct classification
for training set and 92.3% for validation set. This model is simpler
and performs better than our previous model (Bauer et al., 2018)
and could be used in hazard assessment to strengthen mechanis-
tic interpretation, read-across justification and weight of evidence
and QSAR approaches. This model will be continuously enhanced
with the addition of new rules and minor corrections as needed.

https://doi.org/10.1016/j.toxlet.2018.06.607
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Meta-analysis for genotoxicity prediction using
data from multiple human in vitro cell models
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Whole genome transcriptional profiling allows global mea-
surement of gene expression changes induced by particular
experimental conditions. Toxic treatments of biological systems,
such as cell models, may perturb interactions among genes and,
in toxicogenomics, such perturbations assessed by transcriptional
profiling are used to predict impact of toxic compounds.

https://doi.org/10.1016/j.toxlet.2018.06.605
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Form early days on, this toxicogenomics-based approach for
predicting apical toxicities, has been dedicated to the purpose of
improving predictions of genotoxicity and carcinogenicity in vivo.
Over the past decade large amounts of transcriptional profiling data
have been generated for in vitro study models using various chem-
ical compounds, across different doses and time points as well as
different organisms. As part of the H2020 EU project OpenRiskNet,
we propose a large-scale integrative analysis approach using these
data sets for predicting genotoxicity and carcinogenicity in vivo.

From the diXa Data Warehouse, NCBI GEO, and EBI ArrayEx-
press we collected gene expression data for human in vitro liver
cell models exposed to 125 compounds with known genotoxic-
ity information at different time points and dosages resulting in
822 experiments. We analyzed these data sets using ten different
classification algorithms, thereby using 80% of the data for train-
ing and 20% for testing. Support Vector Machines algorithm had
the best accuracy for predicting genotoxicity in vivo at 92.5% with
95% specificity and 87% sensitivity. Upon identifying deregulated
gene-gene interaction networks by applying ConsensusPathDB, the
top 5 of affected pathways are related to p53-centered pathways.
The results from our meta-analysis demonstrate both high accuracy
and robustness of transcriptomic profiling of genotoxicity hazards
across a large set of genotoxicants and across multiple human liver
cell models. We propose that these assays can be used for regulatory
purposes, certainly when applied in combination with the tradi-
tional genotoxicity in vitro test battery. Next, we want to perform
similar analyses on rat and mouse data and identify core orthol-
ogous genes among the three different species that are potential
predictive targets for assessing genotoxicity and carcinogenicity
across different biological systems.

https://doi.org/10.1016/j.toxlet.2018.06.608
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Phenolic benzotriazoles (PBTAs) are UV absorbers added to vari-
ous polymer products to protect against UV degradation. Several
substances of this group have been described as emerging contam-
inants with properties of concern for environmental and human
health. The PBTA category was previously assessed by U.S. EPA High
Production Volume Challenge Program in 2009 and NTP Chemical
Information Review in 2011. A weight-of-evidence approach was
used to assess the environmental persistency of certain data-poor
substances, but has not yet been attempted for assessing human
health endpoints. Oral toxicity studies showed that hepatotoxi-
city is the primary adverse effect of these compounds but that
toxicity level varies markedly depending on the type and num-
ber of substituents. In this study, transcriptomic profiles of mouse
liver obtained by the Percellome Project protocols were analyzed
for some category substances and then integrated into the cate-
gory assessment. All the profiles showed that activation of nuclear
receptor pathways and/or induction of oxidative stress are likely
associated with the observed liver effects of PBTAs. Moreover,

even minor structural substituent differences affected transcrip-
tomic profiles. These results suggest that transcriptomic data could
support selection of source chemical with similar mode of action.
However, transcriptomic data are not available for all the category
substances and AOP of the liver toxicity is not well described yet
due to limited resources for testing and data analysis. Further infor-
mation including gene expression and toxicokinetics for bridging
target and source chemicals is required to reduce uncertainties in
the read across assessment. This presentation is based on the study
in the OECD IATA Case Studies Project in 2016.

https://doi.org/10.1016/j.toxlet.2018.06.609
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The ability to identify the capability of a chemical to cause harm to
the liver is one of the most important considerations in the safety
assessment of many substances including cosmetic ingredients,
pharmaceuticals, pesticides, food additives and other industrial
compounds. However, assessing repeated low dose exposure to
substances in man is a complex and time-consuming process. In
silico profilers are based around the ability to capture chemistry
in the form of structure-activity relationships that are associated
with toxicity and may assist in this task. Such profilers may be used
to predict toxicity directly or to as a means to group molecules
as a pre-cursor to read-across. The problems in the development
of in silico models for organ level toxicity, especially to the liver,
are well established. They include the lack of a complete mapping
of mechanisms and a paucity of suitable data to model. Despite
this, some of the limitations for the development of in silico mod-
els have recently been resolved. There is better access to high
quality in vivo data through databases such as COSMOS DB; the
Adverse Outcome Pathway (AOP) paradigm has provided the jus-
tification of the mechanistic basis to modelling; and new high
content data resources, highly applicable to Molecular Initiating
Events (MIEs), are freely available. This study focussed on the com-
pilation of mechanistically derived structural alerts for liver toxicity
utilsing these new resources. The alerts have been developed from
either data from historical in vivo experimentation or in vitro assess-
ment of the MIEs. The in silico profiler includes alerts for reactive
hepatotoxicity, phosolipidosis, steatosis, mitochondrial effects and
other general toxicities to the liver. Capturing alerts in this manner
has created a valuable computational resource. However, eval-
uation of the performance of the profiler indicates areas where
improvements are required and could be supported by current
AOPs, notably for metabolically activated toxicants, immune and
idiosyncratic effects and other specific mechanisms. The further
unravelling of mechanisms of liver toxicity, supported by appro-
priate data and AOPs, has ensured that the profiler has evolved and
been extended.

https://doi.org/10.1016/j.toxlet.2018.06.610
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Systems toxicology approach for the assessment
of zebrafish cardiotoxicity
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Having firmly established itself as an excellent model in the devel-
opmental biology field, the zebrafish is rapidly gaining popularity in
toxicological studies. This is in part due to external development,
amenability to high-throughput assays, and compliance with the
3R (replacement, reduction, refinement) initiative. Crucially, the
toxicological and teratological effects of chemicals are remarkably
similar in zebrafish and humans. Taking advantage of these bene-
fits, we have selected zebrafish larvae for a comprehensive systems
toxicology assessment of anthropogenic chemicals found in Swiss
freshwaters.

To undertake this assessment, we have developed a biologi-
cal network model describing cardiotoxicity in zebrafish larvae.
The model is a computable representation of data curated from
scientific literature describing molecular pathways that lead to
cardiotoxic outcomes in zebrafish. Key signalling nodes in the net-
work model are linked to information about downstream gene
expression. Differential expression of downstream genes obtained
through transcriptomics analyses can be used to infer activity of
the upstream protein. This in turn leads to mechanistic hypothesis
generation and gives a quantifiable measure of network perturba-
tion.

In parallel to the network approach, we present toxicity
results for 2,3-butanedione monoxime (a known effector of car-
diac function in fish) and citalopram, imidacloprid, and oxazepam
(chemicals introduced into freshwaters in Switzerland by human
activity) according to the Organisation for Economic Co-operation
and Development fish embryo toxicity test. We then report results
from chemically exposed larvae in functional cardiac assays.
Finally, we describe the utility of the network model in interpreting
transcriptomics data to gain mechanistic insight into the molecular
events initiated by a given chemical.

In conclusion, cardiac apical endpoints and computational
network scoring provide a comprehensive method for linking
molecular events to organ toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.611
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Novel pharmaceutical candidate substances need to be stringently
characterized and evaluated for potential safety hazards. In this
respect, Deep Neural Nets (DNN) qualify neatly for application in

drug discovery and may even have the potential to outperform clas-
sical machine learning approaches. Deep learning is a successful
and highly active field of artificial intelligence research which has
become prominent by Big Data analysis, such as image or voice
recognition.

Quantitative computational DNN models for numerous ADMET
endpoints have been derived from up to 50 k (non-)/proprietary
datapoints, including lipophilicity (logD), passive permeabil-
ity (Caco-2/TC7), microsomal lability and clearance, but also
classification models for toxicology endpoints such as clas-
togenicity, phototoxicity and preclinical/clinical hepatotoxicity.
Throughout the study, the predictive performance outperformed
established benchmark methods, while prospective performance
also improved and squared correlation coefficients r2

test ranged
between 0.87 (logD), 0.65/0.69/0.68 (human/mouse/rat metabolic
lability) and 0.71 (passive permeability).

Moreover, “Multitask”-DNNs can be tweaked to describe mul-
tiple endpoints simultaneously in a single framework, further
improving the performance of individual models. By combin-
ing metabolic lability data from human, mouse, rat and various
other species in a single DNN, the predictivity for new substances
could be substantially improved (r2

test = 0.70/0.78/0.77). The addi-
tion of passive permeability data further stabilized the model
(r2

test = 0.71/0.78/0.78). Likewise, the computational prediction of
preclinical and clinical hepatotoxicity was reinforced by adding
ADMET data (preclinical accuracy improved from 78% to 82% /clin-
ical accuracy from 69% to 75%). The maximum achievable accuracy
for joint training of preclinical and clinical hepatotoxicity data was
85% and 81%, respectively. Similarly, we also found a net improve-
ment of compound clastogenicity prediction facilitated by joint
computational modelling of micronucleus formation data with pro-
tein kinase inhibition data.

Apparently, “Multitask” DNNs allow for exploitation of hidden
trends or correlation even between orthogonal ADMET assays or
endpoints. This feature can be particularly rewarding when work-
ing with small toxicology datasets. Our models are managed and
deployed in Googles TensorFlow environment, which also enables
broad application to novel research compounds.

https://doi.org/10.1016/j.toxlet.2018.06.612
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Our aim was to perform in silico prediction of the chemical proper-
ties and biological activities of a series of hybrid molecules bearing
aroylhydrazone and melatonin moieties as candidates for further
neuro-pharmacological testing.

From the test series, we preselected 10 substances pre-
dicted to be 3-hydroxy-3-methylglutaryl-CoA synthase (HMGCS2)
enhancers (PASS module of Way2Drug suite) and their basic chem-
ical properties were further analyzed with QikProp module of
Schrodinger suite. Acute toxicity was predicted by GUSAR module

https://doi.org/10.1016/j.toxlet.2018.06.611
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of Way2Drug suite. Repeated Doses Toxicity (RDT) was predicted
by Hazard Evaluation Support System (HESS). Docking was further
performed using GLIDE algorithm of Schrödinger suite, to evaluate
the binding affinity of the molecules towards ionotropic gluta-
mate receptor, GluR2. Finally, the structural similarity of the tested
molecules was examined with respect to the reference ligands for
GluR2 taken from Stitch database.

From the tested series, 5 substances were found to be able to
cross the blood-brain barrier. For intraperitoneal, intravenous, per-
oral and subcutaneous route of application predicted acute rodent
toxicity for all tested substances indicated class 4 or 5 by OECD.
All tested substances belong to the US-EPA new chemical cat-
egory of hydrazine and related compounds, and all have toxic
hazard classification by Cramer high (class III), DNA binding, onco-
genic, mutagenic and carcinogenic potential. Three of the tested
molecules are similar to indomethacin; from which – one also sim-
ilar to serotonin and one other similar to methylclofenapate; one
is similar to curcumin; and two are similar to lobenzarit. Accord-
ing to this, the RDT is predicted as indicative for hepatotoxicity or
nephrotoxicity.

Further the tested molecular structures were docked against
GluR2 receptor and seven molecules were found to possess sig-
nificant activity against the receptor (lesser binding energy than
reference antagonist, perampanel). Of note, three out of the seven
hits were also found to possess significant neuro-pharmacological
effect which is a primary requisite for GluR2 antagonists.

This work is supported by the Research fund of Bulgaria Contract
ДH13/16 from 21.12.2017.

https://doi.org/10.1016/j.toxlet.2018.06.613
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An automated workflow for Adverse Outcome
Pathway hypothesis generation
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The field of toxicology is evolving from a purely descriptive to a
highly data-rich science. To structure this large amount of data and
at the same way to make the usage more effective, computational
approaches for data integration should be applied. In the ADVaNCE
project we aim to establish an automated workflow for Adverse
Outcome Pathway hypothesis generation. By combining data com-
ing from diverse data sources, we demonstrate in practice how
to use computational approaches for integration of pre-existing
knowledge. As a proof-of-principle, a computationally predicted
network of Adverse Outcome Pathways (AOPs) characteristic for
non-mutagenic carcinogen exposure is generated to provide bet-
ter understanding of the mode-of-action (MoA) of non-mutagenic
carcinogen-induced hepatocellular carcinoma (HCC).

The integrated data sources so far are: (i) ToxCast database for
identification of chemical-gene and chemical-biological category
relationships; (ii)Comparative Toxicogenomics Database (CTD) for
identification of chemical-gene, chemical-pathway and chemical-
disease relationships; and (iii) Reactome for identification of
disease-pathway relationships.

The final goal is to offer a hypothesis generation tool which can
be freely exploited by the scientific community and will eventually
guide the development of an integrated testing strategy completely
based on in silico and in vitro data to be used in regulatory settings.

https://doi.org/10.1016/j.toxlet.2018.06.614
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Retinoid signaling plays an important role in embryo-fetal devel-
opment and its disruption is teratogenic. The retinoic acid (RA)
pathway includes elements in retinoid metabolism and nuclear
receptor (RAR, RXR) activation and thus serves as an excellent pro-
totype for adverse outcome pathway (AOP) elucidation associated
with developmental defects. The biology of the RA pathway, leading
to defects in neural tube closure was the basis for the construction
of an ontology for developmental toxicity. The prototype ontol-
ogy describes an AOP network that incorporates feedback-loops
for retinoid homeostasis and putative molecular initiating events in
chemical teratogenesis. Basic elements in the ontology are subjects
(enzymes, receptors, cell types) and their quantitative relationships
(response-response relationships), together forming a network of
biological interactions that can be mapped to a vulnerable win-
dow for teratogen-induced neural tube defects, specifically spina
bifida. We have used the available data in the literature, which was
searched using text-mining tools that allowed rapid identification
of relevant literature related to human developmental biology, to
map known molecular interactions, genetic signals and responses
that: (a) play a crucial role in cellular differentiation; (b) establish
anterior-posterior gradients (FGF and RA signaling) and dorsal-
ventral gradients (zinc factors (Zic) and BMP signaling) for regional
specification. Molecular initiating events important for RA balance
(like CYP26 enzymes and RALDH2) potentially affected by xenobi-
otic compounds (using high-through-put screening data), will be
connected with toxicological data on the development of posterior
neural tube defects. Ultimately, this network can be dynamically
modeled in silico, providing an integrated computational systems
model with which toxicity predictions can be made at the level of
adverse outcomes in the intact individual. A battery of cell-based
in vitro assays can be used to monitor the critical rate-determining
steps in the network, providing a tiered testing strategy to col-
lect data feeding into the systems model. Integrating the dynamic
model with information from exposure and kinetic models allows
quantitative hazard and risk assessment while avoiding animal
testing.

The views presented in this abstract do not necessarily reflect cur-
rent or future opinion or policy of the U.S. Environmental Protection
Agency and the U.S. Army Corps of Engineers.

https://doi.org/10.1016/j.toxlet.2018.06.616
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OpenRiskNet, an open e-infrastructure to
support data sharing, knowledge integration
and in silico analysis and modelling in risk
assessment
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OpenRiskNet (https://openrisknet.org/) is an EU funded infras-
tructure project with the main objective to develop an open
e-infrastructure providing resources and services to a variety of
industries requiring risk assessment, including chemicals, cosmetic
ingredients, drugs and nanomaterials.

The OpenRiskNet approach is to work on different case studies
to test and evaluate requirements to overcome the fragmentation
of data and tools and to provide solutions improving the har-
monization of data, usability and interoperability of application
programming interfaces (APIs) and the deployment into virtual
infrastructure. The cases present real-world settings such as sys-
tems biology approaches for grouping compounds, read-across
applications using chemical and biological similarity, and identify-
ing areas of concern based only on alternative methods approaches.

We discuss our progress on the OpenRiskNet goal of harmoniz-
ing data and metadata within APIs that can be added to already
existing analysis and modeling services and data warehouses. We
also demonstrate how these APIs can easily be used towards the
generation of full risk assessment workflows either using script-
ing languages or workflow managers. Finally, we show the first
approaches to make these APIs semantically rich by annotating data
with human- and computer-readable data schemata.

OpenRiskNet has initiated the Associated Partners Programme
strengthening the working ties between the OpenRiskNet members
and other organizations within the scientific community.

https://doi.org/10.1016/j.toxlet.2018.06.617
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Development of a state-of-the-art multiple
regression KY-method corresponding to the big
data era and its application to fish toxicity

K. Yuta

In Silico Data, Ltd., Chiba, Japan

Introduction: Even when the number of samples to be ana-
lyzed is extremely large, we have developed a multiple regression

method which has high analytical reliability. In the case of evalu-
ating the toxicity of a compound using a computer, a multivariate
analysis/pattern recognition method is applied. However the con-
ventional multivariate analysis/pattern recognition method is not
designed to handle a large amount of sample data such as big data.
We developed the “multiple regression KY-method” as a data anal-
ysis method corresponding to the big data era and analyzed fish
toxicity data. Method: In the KY-method, the sample group to be
analyzed is divided into two groups. One is an in-lier group and
the other is an out-lier sample group. The correlation coefficient
(R) value of the in-lier sample group is greatly improved compared
with the normal method.

Experiment and results: Fish toxicity data analysis was per-
formed by two methods. One was normal linear multiple regression
and the other was the regression KY-method.

1. Result by the normal linear multiple regression method using all
samples.

Number of total samples: 779, Number of parameters: 28, Reli-
ability index: 27.8,

R: 85.3, R2: 72.8, F value: 71.7, CV: 69.6
2. Results by the “multiple regression KY-method”.

a) Number of in-lier samples; 398, Number of parameters: 22,
Reliability index: 18.1,

R; 98.1, R2; 96.2, F value: 428, CV: 94.4
b) Number of out-lier samples: 393, Number of parameters: 29,

Reliability index: 13.6,
R: 80.4, R2: 64.7, F value: 22.9, CV: 57.5

Summary: Currently, we have entered the era of big data where
the number of samples extremely large. However the data analysis
method currently deployed can not correspond to the big data era.
Therefore, it is necessary to develop new and state-of-the-art data
analysis methods. The multiple regression KY-method discussed in
this poster is developed as a data analysis method corresponding
to the big data era. Details will be discussed in the poster.

https://doi.org/10.1016/j.toxlet.2018.06.618
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ToxGPS, a solution guiding read-across
workflow based on chemoinformatics and
safety assessment
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1 Molecular Networks, Nürnberg, Germany
2 Liverpool John Moores University, Liverpool, UK
3 S-IN, Vicenza, Italy
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5 The Ohio State University, Columbus, US

Read-across is one of the alternative methods considered for reg-
ulatory purposes to fill data gaps encountered in product safety
assessments. Although considerable experience has helped define
how to properly apply these analogue and category approaches
for regulatory programs, acceptance remains context-dependent
and reliant on expert judgement. Recent activities from European
Chemicals Agency (ECHA), Cosmetics Europe (CE), and European
Food Safety Authorities (EFSA) have developed conceptual frame-
works to identify and document sources of evidence, estimate
uncertainty, and combine all information for the final outcome.
Addressing these issues using mechanistic information within
Adverse Outcome Pathways (AOPs) is under development, but still
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is at an early stage. Rigorous/objective metrics to evaluate the
performance or quantify uncertainties of read-across results have
not been the main focus of many current computational tools. To
address these deficiencies, there is a clear need to develop read-
across approaches that are more robust and reproducible whilst
maintaining the original rationales. Recent EFSA guidelines for
read-across specified the process for assembling evidence of simi-
lar types, weighing, and integration. In this study, we introduce the
new solution ChemTunes•ToxGPS, which builds on these concepts
and attempts to reduce uncertainty by identifying analogues that
are biologically meaningful and relevant to the target toxicity end-
points. Information is combined by applying a weight of evidence
method to predict the outcome and estimate uncertainties. These
criteria have been captured in a chemoinformatics system as a read-
across workflow. Three use scenarios are presented: 1) mechanistic
knowledge or compound mode-of-action is available; 2) hypothe-
sis generation is necessary; 3) assessing metabolites or reaction
degradants. Using ToxGPS, examples are presented to address the
issues related to collection of relevant evidence, consistent treat-
ment, weighing the information, and estimating the uncertainty
quantitatively, ultimately leading to reproducible and defendable
final outcomes.

https://doi.org/10.1016/j.toxlet.2018.06.619
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Prediction of drug-induced liver injury

T. Ghafourian ∗ , M. Baricicova

University of Sussex, Life Sciences, Falmer, UK

Drug Induced Liver Injury (DILI) is a serious drug toxicity event
responsible for many failures in drug development and drug
withdrawals from the market that is difficult to identify during
pre-clinical studies. DILI concerns have been linked with in vitro
biomarkers such as drug-induced mitochondrial damage, oxida-
tive stress, and intracellular glutathione levels (Xu et al., 2008),
and clinical factors such as drug dose and extent of metabolism
(McEuen et al., 2017). This research pursued two goals: a) to find
if there is a relation between DILI concern of drugs and the liter-
ature reported mitochondrial dysfunction effect of drugs, and 2)
to build quantitative structure-activity relationship models for the
prediction of DILI. In this investigation, a list of drugs from FDA‘s
Liver Toxicity Knowledge Base (LTKB) comprising 70 drugs labelled
as “most-DILI-concern” and 55 drugs labelled as “no-DILI-concern”
were used for the modelling (Shah et al., 2015).

All of the 125 drugs were searched for literature evidence of
causing mitochondrial dysfunction in any of the following ways:
increasing production of reactive oxygen species (ROS), decreas-
ing mitochondrial membrane potential, inhibiting any of the five
respiratory complexes or uncoupling oxidative phosphorylation.
Molecular Operating Environment (MOE) was used for the molecu-
lar modelling and the calculation of molecular descriptors. Various
classification algorithms including decision trees and random for-
est were used in WEKA (version 3.8.0) for the classification of
compounds based on DILI concern. Decision trees indicated that
the most significant parameter for the prediction of DILI propensity
of compounds was literature evidence of mitochondrial dysfunc-
tion as defined above. The drug dose and molecular attributes
such as lipophilicity and number of aromatic rings were among
the most significant parameters of the model. The best prediction
was achieved using a random forest model with test set prediction
sensitivity and specificity of 0.765 and 0.786, respectively.

https://doi.org/10.1016/j.toxlet.2018.06.620
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Pharmacological properties of a thrombin-like,
inducer of platelet aggregation, purified from
Cerastes cerastes venom: Elucidation of
activated pathway signaling

C. Fatah ∗ , S. Saoud, F. Laraba-Djebari

USTHB, Faculty of Biological Sciences, Department of Cellular and
Molecular Biology, Algiers, Algeria

A new thrombin-like proteinase designed Cc3-SPase, with pI 5.98,
Mw of 30 083.51 Da and a sequence of 271 amino acid residues,
was isolated from Cerastes cerastes venom. When submitted to
multiple alignment, Cc3-SPase showed high degrees of homol-
ogy and revealed highly conserved peptides with other related
serine proteinases. Cc3-SPase cleaved natural and synthetic pro-
teins including fibrinogen without affecting fibrin clots. Its catalytic
activity was fully abolished when incubated with ion chelators
(PMSF, EDTA and EGTA), whereas, aprotinin, antithrombin III, hep-
arin and 1,10-phenanthroline were ineffective which may indicate
the involvement of Ca2+ for both protease activity and structure
stability. Conversely, Cc3-SPase was susceptible to heparin when
combined to anti-thrombin III. Sensitivity of Cc3-SPase to PMSF and
affinity to benzamidine indicated the presence of serine and aspar-
tate residues in the catalytic site as confirmed by its 3D-modeled
structures and molecular docking of Cc3-SPase to benzamidine.
Molecular docking results yielded an interaction between benza-
midine and Cc3-SPase with two hydrogen bonds. The first hydrogen
bond was established between the hydrogen (H1) of the ligand
and the amino acid (ASN 211) of the studied protease with a

bond length equal to 1.907 ´̊A while in the second hydrogen bond
was established between the hydrogen (H8) of benzamidine and
the amino acid (SER 230) of Cc3-SPase with a bond length equal

to 2.179 ´̊A. Molecular mechanisms revealed that Cc3-SPase acted
as a pharmaco-biological agent to promote dysfunctional platelet
aggregation via two signaling pathways mediated by the G-coupled
protein receptors PAR1, PAR4 and �IIb�3 integrin. Cc3-SPase used
as a substitute for missing factors in deficient plasmas, it replaced
FII, FVII and FVIII but not FX, since it is involved in both extrinsic
and intrinsic coagulation pathways.

https://doi.org/10.1016/j.toxlet.2018.06.622
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Safety evaluation of a human chimeric
monoclonal antibody that recognizes the
extracellular loop domain of claudin-2

Y. Hashimoto 1 , T. Hata 1, M. Tada 2, M. Iida 1, A. Watari 1,
Y. Okada 1, T. Doi 1, H. Kuniyasu 3, K. Yagi 1, M. Kondoh 1,∗

1 Osaka University, Graduate School of Pharmaceutical Sciences,
Osaka, Japan
2 National Institute of Health Sciences, Division of Biological
Chemistry and Biologicals, Kanagawa, Japan
3 Nara Medical University, Department of Molecular Pathology, Nara,
Japan

Claudin-2 (CLDN-2), a pore-forming tight-junction protein with
a tetra-transmembrane domain, is involved in carcinogenesis
and the metastasis of some cancers. Although CLDN-2 is highly
expressed in the tight junctions of the liver and kidney, whether
CLDN-2 is a safe target for cancer therapy remains unknown
because a CLDN2-specific binder has not been developed. Here,
we used DNA immunization to generate a monoclonal anti-
body (mAb) that recognized an extracellular loop of CLDN2,
and we generated a rat monoclonal antibody (mAb, clone 1A2)
that recognizes the extracellular domains of human and mouse
CLDN-2. Then, we investigated the safety of CLDN-2-targeted
cancer therapy by using 1A2 as a model therapeutic antibody.
Because most human therapeutic mAbs are IgG1 subtype that
can induce antibody-dependent cellular cytotoxicity, we gener-
ated a human–rat chimeric IgG1 form of 1A2 (xi-1A2). xi-1A2
activated Fcg receptor IIIa in the presence of CLDN-2-expressing
cells, indicating that xi-1A2 likely exerts antibody-dependent cel-
lular cytotoxicity. At 24 h after its intravenous injection, xi-1A2
was distributed into the liver, kidney, and tumor tissues of mice
bearing CLDN-2-expressing fibrosarcoma cells. Treatment of the
xenografted mice with xi-1A2 attenuated tumor growth without
apparent adverse effects, such as changes in body weight and bio-
chemical markers of liver and kidney injury. These results support
xi-1A2 as the lead candidate mAb for safe CLDN-2-targeted cancer
therapy.

https://doi.org/10.1016/j.toxlet.2018.06.623
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Liposomal drug delivery systems are well known as a way to
improve the biodistribution of many medical compounds by over-
coming difficulties in their cellular uptake in the target tissues or
increasing the stability of pharmaceuticals. Moreover, liposomal
formulations may protect the molecular integrity of therapeutic
compounds from light or have an impact on the way of their
photodegradation process. However, there are lack of research
on the impact of liposomes on the phototoxicity or photochem-
ical genotoxicity of photolabile drugs. In this work we evaluated

the influence of liposomal encapsulation on the photodegradation,
phototoxicity and photochemical genotoxicity of ciprofloxacin, a
photolabile drug often used in ocular formulations. We investi-
gated two types of liposomes: multilamellar vesicles and large
unilamellar vesicles; and two different drug to phospholipids
ratios. All liposomal formulations were compared with an antibi-
otic solution in equal concentration ranges. The differences in
the photodegradation products of ciprofloxacin were evaluated by
HPLC-MS technique. The phototoxicity and photogentotoxicity of
irradiated samples were assessed with a set of in vitro bioassays
with mammalian cells: the neutral red uptake test, MTT assay, and
the micronucleus test. The irradiation of samples was performed
in the sunlight simulator in different variants: short light expo-
sition in the presence of viable cells or extended light exposition
before the cell culture treatment to evaluate the differences in the
cytotoxicity of short and long living photodegradation products
of ciprofloxacin. The results of our project confirmed a significant
influence of liposomal encapsulation on the photodegradation pro-
cess of ciprofloxacin. The differences were also visible between
various types of liposomes. Moreover, the liposomal encapsulation
modified the drug phototoxicity in vitro.

The project was financed by the Medical University of Warsaw,
Faculty of Pharmacy from the Grant for Young Scientists managed
by Anna Zgadzaj in years 2017-2018 (FW14/PM1/17).
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Over 50% of commercially available drugs contain at least one basic
amine group (Goldman et al. 2009, Bioanalysis, 1: 1445-1449). The
acidic environment of lysosomes causes ionisation and trapping
of weakly basic compounds, termed lysosomotropism. This phe-
nomenon can lead to phospholipidosis, an over-accumulation of
phospholipids, and impairment of lysosomal function (Shayman
& Abe 2013, Biochim. Biophys. Acta, 1831: 602-611). Inhibition of
lysosome function may also play a wider role in organ toxicity
(Lu et al. 2016, Lysosomes: Biology, Diseases, and Therapeu-
tics, ISBN: 978-1-118-64515-4, 445-485). Lysosome function is
regulated by the co-ordinated lysosome expression and regula-
tion (CLEAR) gene network, which encodes lysosome proteins
and regulates processes such as lysosome biogenesis, endocyto-
sis, mitophagy and autophagy. This gene network is regulated
primarily by the master transcription factor TFEB (Settembre
et al. 2012, EMBO J, 31: 1095-1108). Lysosomotropic drugs can
induce TFEB activation and translocation from the cytoplasm to
the nucleus, representing a potential marker for drug-induced
perturbation of lysosome function (Lu et al. 2017, PloS ONE, 12:
e0173771). A HEK293 cell line stably expressing TFEB coupled to
GFP was generated. Ten compounds with differing physicochem-
ical and functional properties were selected for assay validation.
Data were expressed as the concentration of test compound caus-
ing 50% TFEB nuclear translocation (TFEB50 values). The overall
rank order of potency was Chloroquine > Amiodarone > Flu-
oxetine = Gefitinib > Ketoconazole > Verapamil > Diclofenac =
Propanolol » Acetaminophen = Cetirizine. These data demon-
strate that a TFEB nuclear translocation assay has been validated

https://doi.org/10.1016/j.toxlet.2018.06.623
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which represents a novel tool to investigate lysosome perturba-
tion.

https://doi.org/10.1016/j.toxlet.2018.06.625
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Identification of novel natural inhibitors of
snake venom nucleotidases using a
structure-based molecular docking study
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University of Sciences and Technology Houari Boumediene, Faculity
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In the current study we report the identification of novel natural
inhibitors of snake venom nucleotidases. Therefore, components
deriving from plants endowed by inhibitory effect against snake
venom nucleotidases were explored. The selected compounds
include the terpenoids betulin and lupeol, ascorbic, ursolic and
ellagic acids, gingerol and linalool. To assess their eventual
inhibitory effect against snake venom nucleotidases, these com-
pounds were submitted to molecular docking with Cc-5’NTase a
5’-nucleotidase purified from Cerastes cerastes venom. Our results
show that among the studied compounds only betulin didn’t inter-
act with Cc-5’NTase. In fact, lupeol interacts with Cc-5’NTase by a
hydrogen bond established with Tyr376 while ursolic acid interacts
with the residues Arg202 and Glu207 by two hydrogen bonds. More-
over, ellagic acid and gingerol targeted residues Asp129 and His126

of Cc-5’NTase. In the other hand, the interaction with ascorbic acid
takes place via two hydrogen bonds established with the residues
Leu192 and Asp129, although, linalool is linked to the nucleotidase by
two hydrogen bonds formed with Val265 and Phe254. Hence, ascor-
bic acid and linalool show a competitive inhibition of Cc-5’NTase
enzymatic activity appearing in their interaction with Leu− and
Val265 involved in Cc-5’NTase interaction with its substrates ATP
and ADP, respectively. Besides of this, among all compounds the
most potent complexes was established with ascorbic acid and
linalool as they show the most negative energies of interaction.
Taken together, our results suggest an eventual inhibitory effect
of compounds interacting with Cc-5’NTase and they may therefore
be responsible of the inhibitory effect of their native plants against
snake venom 5’-nucleotidases.

The current study opens perspectives for the design of new
snake venom-5’nucleotidase inhibitors and the improvement of
envenomation therapy.

https://doi.org/10.1016/j.toxlet.2018.06.626
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Thrombocytopenia after repeated
administration of oligonucleotides in
cynomolgus monkeys can be treated with
steroids: A case report
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Introduction: Reduction in platelet (PLT) counts has been reported
in monkeys treated with 2¢-O-methoxyethyl modified (2¢-MOE)
antisense oligonucleotides (ASOs) (Henry et al., 2017). In most
cases, the reduction in PLT count is gradual and PLT counts remain
in the normal range with continued treatment. However, in a
subset of monkeys, thrombocytopenia can be severe (PLT count
<50,000 cells/�L), and is often not reproducible between studies
with the same ASO (Henry et al., 2017). The incidence appears to be
dose-dependent and PLT counts recover upon drug withdrawal, and
in some cases drop again when re-challenged. Increases in anti-PLT
IgG/IgM and/or anti-PF4 IgM secondary to innate immune cell acti-
vation leading to increased PLT clearance could explain this severe
phenotype (Narayanan et al., 2018). Herein we describe two cases
of severe thrombocytopenia in monkeys that had been repeatedly
treated once weekly with two different ASOs, and in which treat-
ment with methylprednisolone (MP) was successful.

Method: Both monkeys were part of subcutaneous dose toxicity
studies and had shown a PLT count below 100,000 cells/�L under
ASO dosing. Treatment with MP at 80 mg/dose was initiated. Ani-
mal 9481 M was treated twice with MP and Animal 19896 M was
treated three times during the study.

Results: In one animal (19481 M), given ASO1, PLT count was
8,000 cells/�L on Day 65 (48 hours after dosing) and therefore, MP
treatment was initiated immediately. The PLT count increased to
145,000 cells/�L on Day 70 of the study. The animal was dosed
without a dosing holiday and the second treatment of MP was
given on Day 72 (48 hours after ASO dosing on Day 70). ASO
administration was continued on Days 77, 84, and 91. However,
following recurrence of thrombocytopenia on Day 92 (PLT count
of 6,000 cells/�L), this animal was euthanized as scheduled on
Day 93. In another animal (19896 M), given ASO2, PLT count was
106,000 cells/�L on Day 135 (48 hours after dosing) and MP treat-
ment was performed on Days 147 and 154. Since the PLT count
decreased again to 62,000 cells/�L on Day 184, MP treatment was
performed again on Day 184. The PLT count increased then to
149,000 cells/�L on Day 233 and remained stable until end of the
study on Day 275 (118,000 cells/�L).

Conclusion: Treatment with MP on low PLT count animals was
very effective, and it can reverse the thrombocytopenia in ASO
treated monkeys.

https://doi.org/10.1016/j.toxlet.2018.06.628
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Ursodeoxycholic acid modulates intracellular
redox state and sensitizes colon cancer cells to
the cytotoxicity induced by epigenetic agent
vorinostat

N. Pavlovic ∗ , K. Stankov, B. Stanimirov, M. Djanic, G. Bogdanovic,
S. Golocorbin-Kon, M. Mikov
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Vorinostat is the first HDAC inhibitor approved for the treatment
of malignant diseases, but it is inactive against cancer cells with
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high intrinsic oxidative stress. Recent studies have shown that
antioxidants may sensitize malignant cells to vorinostat-induced
cytotoxicity. Ursodeoxycholic acid (UDCA) exerts antioxidant and
cytoprotective effects and it has been extensively investigated as a
chemopreventive agent. We aimed to analyze the impact of UDCA
on cytotoxic activity of vorinostat towards colon cancer cells and
to evaluate the underlying molecular mechanisms. Human colon
adenocarcinoma HT-29 cells were used to assess the cytotoxic-
ity of vorinostat and UDCA, alone or in combination, using the
colorimetric MTT assay. Multiple drug effects were examined by
calculating the combination index (CI) using CompuSyn software.
Gene expression analysis was performed by SybrGreen-based real-
time qPCR assay. Vorinostat exhibited a modest cytotoxic activity
(IC50 = 5.1 �M), while UDCA was shown to be non-toxic towards
HT-29 cells (IC50 = 352 �M). The co-incubation of cells with clin-
ically relevant concentrations of vorinostat (1 �M and 2 �M) and
non-toxic concentrations of UDCA (50 �M) over 48 h resulted in sig-
nificant increase of cytotoxicity. Calculated CIs of 0.049 and 0.039
for UDCA, in combination with 1 �M and 2 �M vorinostat respec-
tively, demonstrated that UDCA exerted strong synergistic activity
with vorinostat in concentrations that can be achieved in vivo. We
observed the significant changes in expression of the mitochondrial
pro-apoptotic Bax and anti-apoptotic Bcl-2 mRNA levels follow-
ing the treatment of HT-29 cells with vorinostat, alone (1 �M)
or in combination with UDCA (50 �M) over 24 h. The increase in
Bax/Bcl-2 ratio in vorinostat-treated cells was significantly reduced
after co-treatment with UDCA. Induction of oxidative stress is the
established mechanism of vorinostat-induced cytotoxicity, and we
showed that vorinostat suppressed the expression of Nrf-2 gene,
which regulates cellular resistance to oxidants. This effect was even
more pronounced after co-treatment with UDCA. Therapeutic effi-
cacy of vorinostat may be improved by combining it with UDCA
through the mechanisms including modulation of redox status in
colon cancer cells.

Acknowledgement: This work is supported by Ministry of Edu-
cation, Science and Technological Development of Serbia, Grant No.
41012.
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The aim of our study was to evaluate comparatively the cytotoxic
activity of three complexes of Zn(II)/Ag(I), Zn(II)/Au(I) and Ru(III)
with Schiff base obtained by the condensation reaction between
salicylaldehyde and ethylenediamine (Salen).

The following permanent human cell lines were used as model
systems in our study: MDA-MB-231 (triple negative breast cancer),
MCF-7 (luminal A type breast cancer) HeLa (cervical carcinoma)
and Lep-3 (non-tumor embryonic fibroblasts). The investigations
were performed on monolayer cell cultures with short-term exper-
iments (24 – 72 h) using thiazolyl blue tetrazolium bromide (MTT)
test, neutral red uptake cytotoxicity assay, crystal violet staining,
double staining with acridine orange and propidium iodide, comet

assay and Annexin/FITC assay. Long-term experiments (25-30 days)
with colony-forming method were carried out to examine the influ-
ence of the compounds on 3D growth of cancer cells.

The obtained results reveal that applied at concentrations in the
range 0.1–10 �g/ml (for Zn(II)/Au(I) and Zn(II)/Ag(I) complexes)
and 5–100 �g/ml (for Ru(III) complexes) the investigated com-
plexes decrease significantly viability and/or proliferation of the
treated cells in a time- and concentration-dependent manner.
ZnSalenAu is more toxic for Lep-3 non-tumor fibroblasts whereas
cancer cells are relatively more sensitive to the cytotoxic activ-
ity of ZnSalenAg. Tested independently, the ligand Salen does not
significantly inhibit cell viability and growth.
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from 02.06.2017; Fund “Scientific Research”, Bulgarian Ministry
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Acyl CoA: diacylglycerol acyltransferase (DGAT) 1 is an enzyme
that catalyzes the re-synthesis of triglycerides (TG) from free fatty
acids and diacylglycerol. JTT-553 is a DGAT1 inhibitor and exhibits
its pharmacological action (inhibition of re-synthesis of TG) in
the enterocytes of the small intestine leading to suppression of a
postprandial elevation of plasma lipids. After repeated oral dos-
ing JTT-553 in rats and monkeys, plasma transaminase levels were
increased but there were neither changes in other hepatic function
parameters nor histopathological findings suggestive of hepatotox-
icity. Based on the results of exploratory studies for investigation of
the relationships between the feeding status of the animals and the
increase in plasma transaminase levels, plasma transaminase lev-
els were increased after dosing JTT-553 only when animals were
fed after dosing and a main factor in the diet contributing to the
increase in plasma transaminase levels was lipids. As a result of
measuring the transaminase levels in the liver and the small intes-
tine mucosa after corn-oil loading in the JTT-553-treated rats, the
transaminase levels were increased in the small intestine but not
in the liver, indicating that the origin of transaminase increased in
the plasma was not the liver but the small intestine where JTT-553
exhibits its pharmacological action. The increase in small intestinal
transaminase levels was suppressed by co-administration of Acti-
nomycin D, a nucleic acid synthesis inhibitor, and orlistat, a lipase
inhibitor. In conclusion, the JTT-553-related increase in plasma
transaminase levels is considered not to be due to liver injury but
to be phenomena resulting from enhancement of enzyme protein
synthesis and accumulated fatty acid in the small intestine due to
the pharmacological action of JTT-553 in this organ.

https://doi.org/10.1016/j.toxlet.2018.06.631

https://doi.org/10.1016/j.toxlet.2018.06.629
https://doi.org/10.1016/j.toxlet.2018.06.630
https://doi.org/10.1016/j.toxlet.2018.06.631


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 41

P06-12
Validation and utility of iPS-derived vascular
smooth muscle cells as an in vitro vascular
model for cardiovascular safety assessment
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and Metabolism, IMED Biotech Unit, Cambridge, UK

Drug-induced changes in blood pressure are a common and unde-
sirable side effect of novel compounds. There are currently limited
in vitro cellular phenotypic models available to predict vasoactivity
applicable to early safety screening in drug discovery and devel-
opment. Cellular approaches are limited by a lack of phenotypic
consistency between primary human vascular smooth muscle cells
(VSMC). A human induced pluripotent (iPS)-derived VSMC model
has been evaluated to provide a cellular system amenable for in vitro
vascular safety assays.

Here we describe the validation and characterisation of the
hiPS-VSMC model by determining the expression of specific VSMC
markers and pharmacological responses to vasoactive compounds.
As the mechanisms that regulate vascular tone are varied, we have
developed a black box assay to detect global changes in calcium
that may represent vasoactivity.

We confirm that hiPS-VSMCs express the vascular smooth mus-
cle cell specific proteins calponin and SM22. Assessing calcium
transients as a surrogate of vasoactivity, we validate the model
using a panel of 26 reference compounds, including 20 vasoac-
tive and 6 non-vasoactive compounds. 7 vasoconstrictors and 2
vasodilators showed a concentration-dependent increase in cal-
cium transients, with negative effects observed for all of the
non-vasoactive compounds. For example, the vasoconstrictor Car-
bachol exhibited activity with an EC50 of 5 �M (CI 1.4-17.8) with no
calcium flux observed for the non-vasoactive compound Acyclovir.
We hypothesise that the absence of calcium transients for some
vasoactive compounds may be due to absent or low expression of
the respective target receptor in this model, this was supported by
gene expression data. For example, there is very low expression of
the Thromboxane A2 receptor and concomitantly no pharmacolog-
ical response to U46619 in the hiPS-VSMC model.

The iPS-VSMC model system demonstrates potential utility as
an in vitro model for cardiovascular safety assessment. To improve
this model, co-culture with endothelial cells is currently being
explored to allow detection of vasoactivity via both smooth muscle
and endothelial cell dysregulation.

https://doi.org/10.1016/j.toxlet.2018.06.632
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Purpose: Organophosphorus (OP) insecticide self-poisoning causes
>100,000 deaths every year. 35% of patients in developing coun-

tries require intensive care and ventilation. We aimed to collect
preliminary data on whether addition of the competitive nico-
tinic antagonist rocuronium to standard therapy for OP poisoned
patients requiring intubation and ventilation might be clinically
feasible and lead to reduced duration of ventilation.

Methods: A pilot three-arm dose response phase II trial was
set up to compare bolus doses (0.3 mg/kg) of rocuronium bromide
titrated to produce >95% inhibition or 50% inhibition of NMJ func-
tion, measured using acceleromyography, plus standard treatment,
with standard treatment alone. Patients receiving bolus rocuro-
nium then received infusions of rocuronium (1.5 mg/kg/h) for a
maximum of 120 h (due to safety reasons). Eligible patients had
clinical features of anticholinesterase poisoning and reduced con-
sciousness requiring intubation and ventilation, with NMJ function
conserved to >50% of normal. The primary outcome was dura-
tion of intubation; secondary outcomes included dose of atropine
required and case fatality. Plasma butyrylcholinesterase (BuChE)
activity was measured in patients.

Results: Forty-five patients (64%, profenofos) were recruited
and randomised: rocuronium to 95% NMJ inhibition (n = 15), to 50%
NMJ inhibition (n = 14), and control (n = 16). The groups were sim-
ilar at baseline. Median (IQR) duration of ventilation was longer
in the rocuronium 50% (278 [121 to 378 h) and rocuronium 95%
(227 [186.5 to 355.5] h) arms compared to the control arm (89 [51
to 168] h, p = 0.0956 and p = 0.0465, respectively). Case fatality was
9/45 (20.0%); it was non-significantly higher in the rocuronium 50%
arm (4/14, 28.6%) than rocuronium 95% (2/15, 13.3%) and control
(3/16, 18.8%) arms (p = 0.5840). BuChE activity remained severely
inhibited for the duration of the study for most patients.

In this small feasibility study, we found no indication that
rocuronium benefited ventilated OP- poisoned patients. However,
as most patients were poisoned by profenofos which persisted, fur-
ther research is required to assess whether this approach might
work for OP insecticides that are more rapidly eliminated from the
body.

https://doi.org/10.1016/j.toxlet.2018.06.633

P06-14
Fluoxetine affects midbrain neuronal
specification and neurogenesis in vitro
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Recent meta-analyses found an association between prenatal expo-
sure to the antidepressant fluoxetine (FLX) and an increased risk of
autism in children. This developmental disorder has been related
to dysfunctions in the brains’ rewards circuitry, which, in turn,
has been linked to dysfunctions in dopaminergic (DA) signalling.
This study aimed to investigate if FLX affects processes involved
in dopaminergic neuronal differentiation as a possible mechanism
underlying this link, possibly via interference with the estrogen
system.

Mouse neuronal precursors (wild-type (WT) and estrogen
receptor � knock-out (BERKO)) were differentiated into midbrain
dopaminergic precursor cells (mDPCs) and concomitantly exposed
to clinically relevant doses of FLX. Subsequently, dopaminergic

https://doi.org/10.1016/j.toxlet.2018.06.632
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precursors were evaluated for expression of differentiation and
stemness markers using qPCR.

In WT cells, FLX treatment led to a significant increase in early
regional specification markers Orthodenticle homeobox 2 (Otx2)
and Homeobox engrailed-1 and 2 (En1 and En2). On the other
hand, two transcription factors essential for midbrain dopamin-
ergic (mDA) neurogenesis, LIM Homeobox transcription factor 1
alpha (Lmx1a) and Paired-like homeodomain transcription fac-
tor 3 (Pitx3) were significantly down-regulated by FLX treatment.
The stemness marker Nestin (Nes) was significantly increased,
whereas the neuronal differentiation marker �3-tubulin (Tubb3)
was significantly decreased. Additionally, we observed a significant
down-regulation of the expression of the estrogen receptors (ERs)
� and � after FLX treatment. Further investigations using BERKO
neural precursor cells showed that FLX had no or even opposite
effects on the genes involved in mDPC specification and on Nes
expression.

These findings suggest that FLX affects the differentiation of the
dopaminergic system by increasing production of dopaminergic
precursors, yet decreasing their maturation, partly via interfer-
ence with the estrogen system. Further studies are needed to link
these molecular events to development of the dopaminergic system
and address if these findings could partly underlie the association
between prenatal FLX exposure and increased autism risk in chil-
dren.

https://doi.org/10.1016/j.toxlet.2018.06.634
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A large percentage of drugs fails in late development due to cardiac
toxicity. Therefore, research has been focused in elucidating such
toxicities at early stages of drug discovery, helping decision mak-
ing process, reducing late attrition, laboratory animal use and drug
development costs. To improve the early prediction of this serious
adverse event, we developed in vitro tests for the detection and
prediction of human cardiac toxicity using High Content Analysis
(HCA) on human iPSC cardiomyocytes.

Twenty reference compounds with known adverse effects on
human heart via various mechanisms (global toxicity, oxidative
stress, cytoskeleton toxicity, steatosis, phospholipidosis) and ten
non cardiotoxic drugs as negative controls were tested on human
iPSC cardiomyocytes. Specific targets were evaluated with appro-
priate stainings and quantified using HCA after 24 h or 72 h of
exposure to 8 concentrations of each compound. Treatments
were performed between 6 and 8 days after seeding, based on
ultra-structural maturity observed after immuno-histochemical
stainings. All the readouts were then qualified using Receiver Oper-
ating Characteristic (ROC) curves and a ranking algorithm was
developed to balance each specific toxicity in an overall multipara-
metric evaluation for each compound.

Based on the developed ranking algorithm, the sensitivity and
specificity of HCA cardiotoxicity tests were 0.75 and 1.00 respec-
tively, showing a good predictivity of the model toward human
cardiac adverse effects. This cardiotoxicity phenotypic analysis will
be used for compound screening and early safety evaluation in
the drug development process. ROC AUC were 0.87, 0.61, 0.64,
0.71, 0.72 and 0.93 for global toxicity, oxidative stress, actin, tubu-

lin, steatosis and phospholipidosis, respectively, showing that such
specific tests could be also used as mechanistic tools to document
a specific cardiac signal emerging at later stages of drug develop-
ment.

https://doi.org/10.1016/j.toxlet.2018.06.635
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The development of kinase inhibitors for neurology indications is
relatively new and demands a stringent safety profile. A cross-
functional approach is needed to provide a global strategy to assess
kinase selectivity and potential safety issues. Ideally the first step
should be identifying target features that enable selectivity by
design. This requires the availability or creation of crystal struc-
tures of ideally both target and related kinases. Once structure
enabled approaches can be exploited, compounds with improved
profiles are synthesized and the arising potent inhibitors should
be screened in kinase selectivity panels. Unified kinase profiles
and data analysis across projects enable a more holistic view of
the relationship between kinase selectivity, potency and toxicity
of the compounds. Tools to correlate adverse events to certain
off-target kinase hits and pathways involved are extremely valu-
able to determine a path forward. At this point off-target profiles
should be revisited to identify common kinase hits, build a deeper
understanding of their safety profile and their potential impact
on the program. Additional SAR cycles should be undertaken to
guide chemistry to avoid unwanted kinase hits. Only once suffi-
cient selectivity has been achieved, an early in vivo toxicology study
should be performed to inform further developability of the com-
pound. Important to note is that early in vivo toxicology studies
with non-selective compounds are not useful considering the dif-
ficulties deconvoluting in vivo adverse effects to off-target kinases.
This global safety strategy aims to enable the development of kinase
inhibitors with an acceptable risk-benefit profile for neurology
indications.

https://doi.org/10.1016/j.toxlet.2018.06.636
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Evaluation of 3D-culture methods for the
hepatic differentiation of human skin-derived
stem cells
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Human skin precursors (hSKPs) are adult stem cells that can be
easily isolated from small skin segments. These cells display a
multi-lineage differentiation potential and high plasticity due to
their ability to expand in vitro and to differentiate in all three
germ layers. Our lab demonstrated that hSKP can differentiate
towards hepatic cells in a two-dimensional (2D) set up by sequen-
tial exposure to growth factors involved in liver development.
However, the obtained hepatic cells (hSKP-HPC) show a mixed
phenotype of immature hepatic progenitors and mature hepato-
cytes. Traditional 2D in vitro systems rely on single adherence
to flat substrata, contributing to the loss of cellular morphology,
polarity and functionality. In this study we evaluate whether three-
dimensional (3D) culture strategies can further improve the hepatic
differentiation of hSKP-HPC and better replicate the properties of
hepatocytes in vivo. Hence, a 3D-nanoprinted scaffold is developed
using two-photon polymerization, which is an advanced optical
fabrication technology that allows high-precision polymerization
of photopolymers into structures with any desired geometry. Scaf-
folds with interconnecting baskets of cuboidal or hexagonal shape
and correct hepatocellular dimensions were fabricated, mimick-
ing the 3D-orientation of hepatocytes in vivo. Integration and
distribution of hSKP in these scaffolds was confirmed by scan-
ning electron microscopy and confocal microscopy. A microfluidic
device, on which the scaffolds will be printed to ensure efficient
transportation of nutrients is being tested in parallel. hSKP-HPC
seeded directly on this chip were cultured under dynamic flow
conditions and acquired a more polygonal morphology after few
days in culture. Furthermore, preliminary data suggests that hSKP-
HPC cultured under perfusion exhibit a tendency to store more
glycogen than cells cultured in static conditions. By combining the
3D-scaffold into a microfluidic device, we hope to generate a liver-
on-a chip device that accurately recapitulates hepatic functionality
and could potentially be used for hepatotoxicity testing.

This work was supported by grants from the ‘Chair Mireille
Aerens for alternative methods development’ and the Leefmilieu
Brussel (BIM).
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Challenges await in an era dedicated to the Reduce, Refine, Replace
policy on animal experimentation and the need, from basic research
to drug screening and lead optimization, for suitable models. As
for the later, early neurotoxicity drug screening is based on cell-
based in vitro assays, but results can only go so far as to yield basic
information on the toxic effect, missing the big picture. Effects of
a drug on the complex neuronal networks, accessing to the global
consequences needs to be evaluated through an additional step,
moving to expensive low throughput animal models. Consequently,
neurotoxic effects are rarely used during early screens and neuro-
toxic effects would only be characterized at later stages of drug
development, involving important losses if a drug had to be aban-
doned. Zebrafish larvae, an in vivo model, could fulfill that gap. At
first glance, it seems far-fetched to seek a human counterpart in a
fish but we are both vertebrates and 70% of protein-coding human
genes are related to genes found in the zebrafish. This animal model
have been used for over a decade and led to discoveries in heart dis-
eases, cancer research, organ developments and many more. The
focal point of this study is to set up a medium-throughput method
to meet the need for pharmaceutical industry during early-stage
drug screening and issue warnings on potential adverse neuro-
logical effects, rather than go/no go. We will show how a simple
carefully set protocol and appropriately analyzed results can pro-
vide a deep insight into various drugs neurological issues.

https://doi.org/10.1016/j.toxlet.2018.06.639
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In vitro tissue models have been used for decades as a tool to
understand the mechanism of the drug toxicity. However, the
current 2D and most of the 3D models lack the physiological rele-
vance and tissue complexity to that of the in vivo situation. Better
predictive in vitro screening models early in the drug discovery
pipeline are critically required to increase success of drug candi-
dates, reduce development costs of new medicines, and reduce
animal studies. Here, we developed a 3D liver-on-a-chip model
comprised of HepaRG and primary human hepatocytes using the
OrganoPlate

®
platform. This microtiter-based platform consists of

40 to 96 individual microfluidic chips supports the development
of an human hepatocyte co-culture with hepatic non-parenchymal
cell in a membrane-free and pump-free perfusion system. Besides
having long-term high viability, this liver-on-a-chip model also
shows liver functionalities such as synthesis of albumin, detox-
ification of ammonia, formation of bile acid and metabolism of
drugs by cytochrome P450. Next to that, this model is applicable
to determine concentration-dependent cytotoxicity and mitochon-
drial dysfunction upon the exposure to acetaminophen drug.
The hepatic cultures show polarization leading to the formation
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of rhythmically contracting bile canaliculi that are able to dis-
rupted upon the exposure of the cholestatic drug, a Y-27632 ROCK
inhibitor analogue, fasudil. Moreover, this model also shows the
accumulation of lipids after exposed to the steatosis-inducing drug
cyclosporine A. These findings indicate that this model is suitable
for understanding compound-specific hepatic toxicity and applica-
ble for disease-modelling studying drug efficacy.

https://doi.org/10.1016/j.toxlet.2018.06.640
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Non-alcoholic fatty liver disease (NAFLD) encompasses a complex
disease spectrum ranging from benign steatosis to non-alcoholic
steatohepatitis, which can progress to cirrhosis and liver failure.
The prevalence of NAFLD and its link to obesity and metabolic dis-
orders suggests that environmental exposures could contribute to
NAFLD. Systematic assessments of chemicals as NAFLD risk factors
have not been carried out in part due to a lack of validated in vitro
testing strategies. In order to address this gap we developed a high
content imaging assay that allows quantification of mechanism-
based NAFLD markers in metabolically competent human liver
cells. HepaRG cells were treated in vitro with increasing concentra-
tions of compounds, selected on their mechanism of action involved
in NAFLD pathophysiology including free fatty acids, T0901317
(liver-X-receptor agonist) and rotenone (complex I inhibitor in
mitochondrial respiratory chain). Cells were labeled with a fluores-
cent lipid dye, a fluorescent mitochondrial dye, and with a marker
for cell nuclei, and imaged on a high content imaging system. An
algorithm was developed for automated image processing and lipid
droplet number, size and intensity together with mitochondria
number and intensity were quantified. The results indicated a time
and concentration dependent increase in lipid accumulation. Data
concerning mitochondrial dysfunction emphasized a concentra-
tion dependent disruption of mitochondrial function and integrity.
Future research will aim to integrate additional endpoints into a
high throughput and high content screening assay that recapitu-
lates the cellular hallmarks of NAFLD.

https://doi.org/10.1016/j.toxlet.2018.06.641
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Results showed that OA reduced breast cancer cell viability. After
72 h of treatment, only 28.4% of cells remained viable at 60 �M.
Whereas, no remarkable effect was observed on liver cancer cells,
with 63.74% cell survival at 60 �M. Moreover, the cytotoxicity
studies have been conducted in the presence of verapamil, a P-
glycoprotein (P-gp) inhibitor, to check if OA is a substrate of P-gp.
OA exhibited the same effect on breast cancer cells in the presence
of verapamil. However, the cytotoxicity was greatly enhanced for

HepG2 cells, in the presence of verapamil (cell viability was 24.97%
after 72 h at 60 �M). The difference obtained between MDA-MB-
231 and HepG2 is possibly due to the fact that liver cancer cells
express high levels of P-gp RNA, while low or undetectable lev-
els were found in breast cancer cells. These results demonstrate
that OA is a potential chemotherapeutic agent, but its action is
weakened by the multidrug resistance protein, P-gp.

https://doi.org/10.1016/j.toxlet.2018.06.642
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Primary hepatocyte cultures have been long used as standard in-
vitro drug screening models followed by in-vivo screening and
clinical trials. However, only 5–10% drug candidates finally get
through the clinical trials. One reason for this poor prediction value
was that the primary hepatocyte cultures alone do not mimic the
native in-vivo environment in the liver and moreover, a rapid
decrease of hepatic expression profile occurs in vitro over time.
Hence, in order to improve drug screening in-vitro models, not
only hepatocytes but also non-parenchymal liver cells (NPC) are
used currently in coculture approaches. In the present study, we
characterized these NPCs (mainly kupffer and endothelial cells) in
comparison to hepatocytes concerning the expression of hepatic
drug uptake and efflux transporters as important factors affecting
drug elimination and toxicity in the liver.

We, therefore, isolated hepatocytes and NPCs from rat and mice
and characterized the respective cells for cell type-specific mark-
ers on mRNA level. In addition, we further separated the murine
NPC fraction into endothelial and kupffer cells by a magnetic sort-
ing method using an antibody against Clec4f to mark kupffer cells
and against Tie1 for endothelial cells. Following which, the mRNA
expression of about 40 drug uptake genes (SLC- and SLCO-family)
and efflux (ABC-family), as well as cell type-specific marker genes,
were analyzed using a TaqMan low-density array.

As expected, hepatocyte-specific transporters like Ntcp
(slc10a1), Bsep (abcb11) and Mrp2 (abcc2) were specifically
expressed in hepatocytes. In contrast, transporters like Cnt3
(slc29a1) and Oatp2a1 (slco2a1) were found in each fraction in
a comparable level, while others including Mrp1 (abcc1), Mrp3
(abcc3), Mrp4 (abcc4) and Octn2 (slc22a5) were detected in
significantly higher amounts in NPCs, with differential expression
patterns in both kupffer and endothelial cells as compared to
hepatocytes. For selected transporters (e.g. Octn2) this data was
confirmed at the protein and functional (carnitine uptake) levels.

In the present study, we were able to find the expression of clin-
ically relevant drug transporters in NPCs. Interaction of drug/drug
candidates with these transporters may partly explain hepatotoxic
effects, which were previously not observed by focusing on only
hepatocytes.

https://doi.org/10.1016/j.toxlet.2018.06.643
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The circadian rhythm lasts about 24 hours and is constituted by
4 main genes/proteins; Circadian Locomotor Output Cycle Clock
(Clock), Brain-Muscle-Arnt-Like protein-1 (Bmal1), Cryptochrome
(Cry) and Period (Per). Many pathologies, diseases, and medications
including general anesthetic agents are thought to cause a change
in these genes/proteins. On the other hand the activation or inhi-
bition of the genes/proteins can contribute to the reduction of the
oxidative stress potential of anesthetic agents. We investigated the
effect of combination therapy of KL001 with isoflurane. Twenty-
four mice were randomly divided into 4 groups of 6 animals each
as a control, KL001, isoflurane and KL001 plus isoflurane group.
Animals were exposed to isoflurane for 4 hours and KL001 was
administered of 100 mg/kg at night hours. The Cry levels and oxida-
tive stress parameters including malondialdehyde (MDA) level and
superoxide dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GSH-Px) activities were investigated in liver, kidney, brain,
and erythrocyte. Our results showed decreased MDA level in ery-
throcyte and liver, increased GSH-Px activity in liver and brain,
increased SOD activity in erythrocyte, kidney, and brain, decreased
CAT activity in liver in isoflurane group. According to our findings,
isoflurane changed the oxidative stress parameters remarkably in
brain. We also found a decrease of Cry level in the plasma, liver,
and brain in isoflurane group. KL001 increased Cry level inhib-
ited by isoflurane and decreased the isoflurane-induced oxidative
stress. In conclusion, our data indicated that we can reduce the
potential oxidative stress of isoflurane or other anesthetic agents
by triggering the Cry level with a synthetic activator or by arrang-
ing drug administration time at certain period of the day. Especially
in early hours of the morning, KL001 may be protective against
isoflurane-induced oxidative stress. In further research, the effects
of Per, Clock, and Bmal1 on anesthetic agents toxicity can also be
investigated. It can be determined at which time the operations are
performed to create the least toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.644
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In vitro antiproliferative effects of Fe3O4 BA
loaded liposomes

C.G. Farcas 1,2,∗ , E.A. Moaca 2, D. Coricovac 2, C. Dehelean 2,
F. Loghin 1

1 “Iuliu Hatieganu” University of Medicine and Pharmacy, Toxicology,
Cluj-Napoca, Romania
2 “Victor Babes” University of Medicine and Pharmacy, Toxicology,
Timisoara, Romania

Betulinic acid (BA) is a phytocompound which has been reported
to exhibit multiple pharmacological activities, such as: antitumoral
effect with selectivity on tumor cells, anti-inflammatory, antioxi-
dant, antimalarial and antimicrobial properties. However, BA is a

highly hydrophobic compound. This property limits its bioavail-
ability and makes it imposible for in vivo administration.

The present study proposes a new formulation of BA as Fe3O4 BA
loaded liposomes, which might improve its membrane perme-
ability. Fe3O4 nanoparticles serve as carriers and as a method to
augment BA efficacy by making the liposomes suitable for hyper-
thermia therapy.

The liposomes containing magnetic nanoparticles (Fe3O4) and
BA were synthetized by thin film dispersing method and character-
ized by standard methods, such as: FTIR, DSC, zeta potential, TEM
(transmission electron microscopy) in terms of active compound
content, size and stability.

The cytotoxic effects of the novel liposomes was evaluated on
human healthy and breast cancer cell lines (MCF7, MDA-MB-231)
by MTT and LDH assays.

The Fe3O4 BA loaded liposomes obtained were stable and with
the sizes in the range recommended for biological use. More-
over, these liposomes exhibited a higher antitumor activity when
compared with BA liposomes and BA in dimethylsulfoxide, what
indicates a synergistic effect of BA and Fe3O4 formulated as lipo-
somes.

These data will be used as background for further in vivo studies
to demonstrate their efficacy as antitumor agents in breast cancer
animal models.

Acknowledgements: This research was supported by a grant
of “Iuliu Hatieganu” University of Medicine and Pharmacy, project
number 1300/23/13.01.2017.
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Evaluation of the cytotoxicity of cocaine and
adulterants in precursor cells of the glia
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Cocaine hydrochloride is a highly addictive illicit drug, which gen-
erates harmful effects on the health of population, specifically in
the nervous system. A high percentage of the cocaine consumed in
our country is adulterated with substances such as caffeine or lev-
amisole. In relation to these adulterants substance it is unknown
if such substances are less or more harmful than cocaine itself.
The objective of this study has been to evaluate the cytotoxicity
of cocaine and adulterants using the line human fetal glial cells
from brain SVG-P12, through the use of viability, apoptosis and cell
necrosis assays.

The results show that the exposure to cocaine for 24 hours (≥
5 mM) generates a decrease in cell viability and an increase in
apoptosis and cell necrosis (≥ 0.5 mM). With respect to tested adul-
terants, a decrease in cell viability was observed due to the exposure
of caffeine (≥ 15 mM) and levamisole (≥ 7.5 mM);observing that
adulterants produce a decrease in cell viability at higher concen-
trations than cocaine. In the same way as for cocaine, an increase
in apoptosis and cell necrosis was observed (dose-dependent) for
caffeine and levamisole (≥ 2 mM).

From this study it can be concluded that the harmful effects of
cocaine in precursor cells of the glia occur at lower concentrations,
than levamizol and caffeine, and that it is of interest to evaluate the
effects of the mixtures of these drugs.

https://doi.org/10.1016/j.toxlet.2018.06.647
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Maternal smoking and changes in drug
metabolising enzymes in the human fetus
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Purpose: The placental feto-maternal interface allows for most
drugs to freely diffuse and reach the developing fetus. Major
phase I and II metabolising enzymes are expressed in the human
fetal liver which is the primary site for metabolism of drug com-
pounds. Maternal smoking passes ∼7,000 toxicants to the fetus,
and is associated with multiple adverse consequences for peri/post-
natal health and wellbeing in the offspring. Disruption of the drug
metabolising machinery in the fetal liver also poses risks for drug
toxicity. This study analysed drug metabolising enzymes (DME)
expression levels in smoke-exposed human fetuses.

Methods: 80 human fetal livers from elective terminations of
normal pregnancies, at 12-19 weeks of gestation, were collected
((NHS) Grampian Research Ethics Committees (REC 04/S0802/21)).
RNA was extracted, prepared for sequencing, and the Illumina
NextSeq platform was used to produce 76 bp single end RNA
sequencing reads. Reads were quality controlled, aligned to the
human reference genome and quantified at gene regions. Statistical
analyses used a generalised linear model with a three-way inter-
action between fetal sex, fetal age and validated maternal smoking
status.

Results: The transcript levels of human DMEs were exam-
ined via data-mining our RNAseq data. Compared with fetuses
from non-smoking mothers, smoke exposure is associated with:
(1) male-specific decrease in CYP3A4 at ≥16 weeks, (2) male-
specific increase in UGT2B7 at 11-13 weeks, (3) female-specific
increase in CYP2E1 at 14-16 weeks, followed by a decrease at 17-20
weeks. CYP3A4 is a major cytochrome p450 superfamily mem-
ber metabolising drugs such as paracetamol and aspirin. CYP2E1
substrates include permutagens found in cigarette smoke and
paracetamol. UGT2B7 is a UDP-glucuronosyltransferase involved in
the conjugation and elimination of ibuprofen metabolites. These
findings are being confirmed using 260 human fetal livers.

Discussion: Disruption in the expression of these DMEs could
contribute to variations in major drug metabolism and detoxifi-
cation processes. Identification of the exact point/s of the effect
would further our current knowledge of how toxicants can disrupt
the human fetal liver and provide critical data for the development
of effective drug compounds for the mother that pose minimal risks
for the fetus.

https://doi.org/10.1016/j.toxlet.2018.06.648
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The current gold-standard method for identification and character-
ization of cytokine release assay for biologics use only peripheral
blood mononuclear cells (PBMCs) with immobilized biologics to
plastic. This platform is used as a surrogate for the commonly
required binding of the Fc region of biologics, such as TGN1412, to
receptors on endothelial cells in the blood vessel. Here we describe
a novel in vitro cytokine release assay using autologous 3 types of
important vascular cells in a co-culture system. The assay consists
of (i) PBMCs, (ii) blood outgrowth endothelial cells (BOECs), and (iii)
blood outgrowth smooth muscle cells (BO-SMCs). Since cytokine
storm co-culture assays to date have relied on the use of human
cells from different donors, the novel concept of obtaining differ-
entiated cells from blood progenitors allows for autologous cells to
be used.

We have now obtained data demonstrating that BOECs and BO-
SMCs express the requisite endothelial CD31 and smooth muscle
cell a-SMA cell markers, respectively, without expressing fibroblast
marker, S100A4. Under control culture conditions mono-cultures
of PBMCs, BOECs and BO-SMCs released relatively low levels of
cytokines which were increased when each cell type was stimu-
lated individually with LPS. However, as the 3-cell-type co-culture
system was built up by combining the cells in individual wells,
LPS stimulation was amplified compared to responses of cells in
mono-culture.

Whilst the relevance and utility of this assay to a broad spectrum
of therapeutic antibody testing is unclear we suggest that it will
be useful for testing both efficacy and toxicity of cytokine-storm
potential in biological therapies designed to target blood vessels
and cardiovascular disease.

https://doi.org/10.1016/j.toxlet.2018.06.649
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The disposition and clearance of drugs by the kidney relies largely
on a well-characterized subset of membrane transport pumps
known as solute carrier (SLC) proteins. Among the SLC family pro-
teins, OAT1, OCT2 and OAT3 are considered the most important
transporters in kidney tissue, and are recommended by the FDA,

https://doi.org/10.1016/j.toxlet.2018.06.648
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ITC and the EMA as targets for drug-drug interaction studies. There-
fore, there is a need for in vitro kidney transporter models that have
normal human kidney origin, functioning transporters, clinical
predictability, and consistent data output for drug interaction stud-
ies. Unfortunately, primary renal epithelial cells lose OAT1, OCT2
and OAT3 transporter expression quickly in culture. Transiently
expressing these transporters in primary renal epithelial cells
yields large variations between experimental models making data
hard to interpret. In our study, we have generated kidney trans-
porter cell models using well-characterized hTERT-immortalized
primary Renal Proximal Tubule Epithelial Cells (RPTECs) that stably
overexpress either the OAT1, OCT2 or OAT3 gene. After confirming
the SLC mRNA expression for each gene by RT-PCR, we performed
immunostaining that showed that OAT1, OCT2 and OAT3 are cor-
rectly trafficked to the plasma membrane. Notably, those clones
show typical epithelial morphology, functionality, and expression
of the appropriate epithelial and kidney tissue specific markers.
Most importantly, we verified that the overexpressed transporters
have normal transport activities using 6-CF and EAM-1 uptake
assays in a high throughput format. We also show that uptake
of these compounds are blocked in a dose dependent manner by
well-known SLC inhibitors. Overall, our data demonstrates that
these modified RPTECs maintain kidney transporter expression
over time, and provide physiologically relevant, highly sensitive
and specific data regarding human kidney transporter functions,
particularly for high throughput kidney drug toxicity screening

https://doi.org/10.1016/j.toxlet.2018.06.650
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Real-time cell analysis of the cytotoxicity of
�-ray radiation and the radioprotective effect of
TLR5 agonist
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Purpose: The aim of this study was to establish a method to evalu-
ate the cytotoxicity of �-ray radiation and the radioprotective effect
of TLR5 agonist in vitro. Methods: To evaluate the cytotoxicity of
�-ray radiation, HEK293 cells were irradiated by 60Co-� ray, and
then cells were re-plated into E-plate (5,000 cells per well) depend-
ing upon radiation dosage and cell viability was measured with
the real-time cell analysis (RTCA) system for 120 h. To evaluate the
radioprotective effect of TLR5 agonist, HEK293-N-T cells, that over
express human TLR5, were generated by lentiviral transfection of
HEK293 cells. The HEK293-N-T cells were treated with different
doses of CBLB502 (0, 0.8, 4, 20, and 100 ng/ml, respectively) at 6 h
prior to 16 Gy radiation. After irradiation, 5,000 irradiated cells of
different groups were seeded in E-plate respectively and real-time
monitored for 120 h. Normal cells without any treatment were used
as a control. Data was analyzed for significant differences between
experimental groups by performing Analysis of Variance (ANOVA)
with Tukey’s post hoc multiple comparison test.

Results: (1) After 12 h of irradiation, HEK-293 cells were showed
reduced cell viability (compared with the control group), and the
damage effect of irradiation on cell vitality enhanced with the
increase of radiation dose, showed obvious dose-response rela-
tionship (p < 0.05). (2) 12 h after exposure, irradiation induced a
gradually decline in the cell surviving rate. The Cell Index (CI) value
of irradiated cells without CBLB502 treatment reduced to zero at
68 h after IR exposure, which indicated that no cells adhered to
the microelectrodes. Pre-treatment with CBLB502 of different con-
centrations have shown improved viability of irradiated cells in a
dose-dependent manner (p < 0.05).

Conclusions: The present study established a RTCA-based
method for assessing the cytotoxicity of �-ray radiation and the
radioprotective effect of TLR5 agonist in vitro by real-time measure-
ments. In contrast with the evaluation method of living animals,
this method has many advantages, such as low sample usage, high
throughput and short time. Thus, the method developed here could
be adopted for the screening and evaluation of new radioprotec-
tants.

https://doi.org/10.1016/j.toxlet.2018.06.651
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An important strategy for the improvement of toxicity testing is
based on the development of approaches that provide information
on molecular mechanisms at the cellular level. Such information is
crucial for a fundamental understanding of the effects of toxic com-
pounds. However, from most methods currently available, detailed
insights are difficult to obtain as they rely on end-point measure-
ments. This approach has considerable limitations as it does not
provide dynamic information as obtained by real-time measure-
ments.

Recently, together with others we developed a novel micro-
bioreactor [1,2]. In this reactor, cells are continuously perfused with
medium and it has been demonstrated that hepatocytes embed-
ded in a collagen matrix in microwells can be cultivated for one
month. As an important novelty, we inserted sensor microbeads
together with cells into the microwells. These microbeads con-
tain chromophores, whose phosphorescence life time depends on
the local oxygen concentration. By carefully controlling the oxy-
gen intake through the medium in respect to the number of cells
embedded in the microwells, we are able to continuously measure
the oxygen consumption of the cells through a very robust opti-
cal detection scheme. This allows the metabolic activity of cells in
the reactor to be noninvasively monitored over weeks with high
temporal resolution under near-physiological conditions.

We will present results that demonstrate that mitochondrial
dysfunction of hepatocytes can be distinguished from other cel-
lular response upon exposure of the cells with acetaminophen.
We compare measurements obtained from primary mouse hepato-
cytes, hepatocytes that are expanded form primary cells using the
upcyte

®
technology and hepatocytes from the cell line HepG2. In

addition, we show how we increase throughput by parallelisation.
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Primary human hepatocyte spheroid generation
and performance in different culture systems
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Purpose: In the field of toxicology, there is a strong need for in vitro
human liver model systems that support the long-term culture of
primary human hepatocytes and closely mimic in vivo conditions of
liver tissue. Compared with 2D culture, spheroids generated out of
primary human hepatocytes allow for more in-vivo-like cell orga-
nization, including extensive contact of adjacent cells. Agitation
on a shaker can imitate the movement of fluids within the body
at least to some extent. In this study, we analyzed and optimized
the formation, culture and performance of primary human hepato-
cyte spheroids in different cell culture systems and under various
culture conditions.

Methods: We used different methods for the formation of pri-
mary human hepatocyte spheroids, including ultra-low attachment
V-bottom and U-bottom plates as well as hanging drop culture. Dif-
ferent amounts of primary human hepatocytes were seeded with
or without serum supplementation and cultured with or with-
out shaking for up to 7 days until spheroid formation occurred.
We characterized specific hepatocyte functions of the resulting
spheroids immediately after spheroid formation and during follow-
ing weeks of culture. The spheroids were analyzed for cell viability,
bile canaliculi formation, albumin secretion and CYP3A4 activity.

Results: Successful spheroid generation without addition of
any supporting cell types was observed. This was independent of
the culture vessel type used. The presence of serum was required
for spheroid formation, both under gentle agitation and without
shaking. Spheroids displayed typical hepatocyte activity, includ-
ing sustained albumin production, basal CYP3A4 activity, CYP3A4
inducibility and bile canaliculi formation within spheroids.

Conclusion: We developed simple protocols for the successful
in vitro generation of primary human hepatocyte spheroids in a
variety of culture systems. We demonstrated that standard analy-
sis methods like cell viability or cytochrome P450 enzyme activity
assays can be easily applied to spheroid culture. The resulting in
vitro spheroid cultures offer more in vivo like conditions for long
term exposure and repeated dosing toxicology studies.

https://doi.org/10.1016/j.toxlet.2018.06.653
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Cetaceans accumulate high levels of persistent organic pollu-
tants (POPs). Known effects of POPs include endocrine disruption,
immune dysfunction and behavioural changes. In this study,

we established an in vitro assay using fibroblasts derived from
cetaceans, and evaluated the toxicological risks of POPs at the cel-
lular level. Fibroblasts were cultured from six cetacean species
(finless porpoise, harbour porpoise, bottlenose dolphin, Risso’s dol-
phin, killer whale and Ginkgo-toothed beaked whale) that were
stranded or bycaught along the Japanese coasts. The blubber tis-
sue was also collected to determine the concentrations of POPs.
Seven compounds including 2,3,7,8-TCDD, CB126, CB118, CB138,
CB153, CB187 and p,p′-DDE were exposed to the cells at a serially
diluted concentration set of 7–8 doses, and three parameters of cel-
lular responses (cytotoxicity, apoptosis and reduced viability) were
measured. The total concentrations of POPs were found in the fol-
lowing descending order: killer whale > finless porpoise > Risso’s
dolphin > Ginkgo-toothed beaked whale ≈ bottlenose dolphin ≈
harbour porpoise. The killer whale accumulated the highest con-
centration of DDTs (45 �g/g lipid weight). On the other hand, higher
PCB concentrations were found in the finless porpoise (21 �g/g lipid
weight), which were 1–2 orders of magnitude higher than in other
species. In vitro assays revealed that 2,3,7,8-TCDD and dioxin-like
PCBs (CB126 and CB118) had higher cytotoxicity potentials in all the
cetaceans tested. Among the six cetaceans, the finless porpoise had
the highest EC50 values for all the POPs. Since the finless porpoise is
a nonmigratory resident in semi-enclosed seas (e.g. Seto Inland Sea,
Japan) and has chronically been exposed to higher levels of POPs,
this species may have acquired resistance to the exposure to POPs.
Additionally, blubber extracts including POPs were also exposed
to the cells to examine the effects of POPs mixture. The percent-
age of cells showing cytotoxicity and apoptosis were high; 72% and
27% for the killer whale and 48% and 17% for the harbour porpoise,
respectively. These results suggest that the accumulation of POPs
induces cytotoxicity in cetaceans and the risk at the cellular level
is of concern.

https://doi.org/10.1016/j.toxlet.2018.06.654
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Diverse functions of the intestine include absorption, metabolism,
and immunity. Immune-related diseases can feature a complex
pathology, such as intestinal fibrosis. Intestinal organoids can be
established from human iPS cells, and recent advances in the cul-
turing of organoids have led to the development of various 3D
intestinal disease models with in vivo physiology. However, it
is difficult to generate sufficient numbers of organoids for high-
throughput studies using the current culture methods, and drug
development applications are hindered by insufficient knowledge
of the pharmacokinetic functions. In addition, the current in vitro
or in vivo intestinal fibrosis models have many limitations. Here,
we improved the culture of human iPS cell-derived intestinal
organoids (HiOs), and explored the potential of HiOs as a model for
intestinal fibrosis, and as a tool for screening anti-fibrotic drugs.

Human iPS cells were induced to differentiate into the midgut,
and then were seeded on a patterning plate to form uniform
spheroids. The floating spheroids were stimulated to differenti-
ate into intestinal organoids using small molecule compounds. The

https://doi.org/10.1016/j.toxlet.2018.06.653
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intestinal organoids were treated with TGF-�1 and TNF-� to eval-
uate their phenotypic change.

We successfully generated organoid suspensions without scaf-
folds for easier harvest and use in assays. The expression of
the intestinal markers and pharmacokinetics-related genes were
markedly increased by the small molecule compounds. HiOs dis-
played polarized epithelium, and contained the various cells that
constitute the small intestinal tissues. In addition, the HiOs exhib-
ited P-gp efflux transport activity, CYP3A4 activity, and inducibility.
TGF-�1 and TNF-� induced mRNA expression of mesenchymal
and fibrosis markers in the HiOs. Immunofluorescence stain-
ing confirmed the epithelial-mesenchymal transition. In addition,
caspase-3 positive cells were increased, the apoptotic cells were
excreted in the lumen of intestinal organoids, and the epithelial
cells were thickened. On the other hand, treatment with TGF-� RI
Kinase Inhibitor, SB431542 suppressed these fibrosis responses in
HiOs.

We were able to generate pharmacokinetically functional HiOs
that are applicable for high-throughput studies. The HiOs could be
useful to model intestinal fibrosis, and test the effectiveness of anti-
fibrotic drugs.

https://doi.org/10.1016/j.toxlet.2018.06.655
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Several lines of evidence demonstrate that nanoparticles (NPs) can
translocate to brain and impact on the highly vulnerable central
nervous system (CNS). The distribution of NPs in the bloodstream
raises a particular concern of NP transfer from placenta to the fetal
CNS, and since BBB develops gradually in the fetal brain, a direct
exposure to NP in utero, that may have the most detrimental con-
sequences. A recognized need is to combine nanotoxicology and
neurology knowledge and calls for novel specific tools and investi-
gation methods for this discipline including the integration of new
in vitro models into safety assessment strategies.

In this study two types of CNS cell spheroids have been devel-
oped and optimised in combination with standard assays (viability
readout and cell morphology) to test neurotoxic effects caused
by magnetite NPs (Fe3O4NP), as NP-model, after short- (24–48 h;
1–100 �g/ml) and long-term repeated exposure (up to 30 days;
0.1–25 �g/ml).

Three-dimensional (3D) spheroids were generated from human
D384 astrocyte- and SH-SY5Y neuronal-like cells: they formed
reproducible well-rounded spheroids, with homogeneous size dis-
tribution, viability and functionality over long period.

Short-term exposure to Fe3O4NPs induced cytotoxicity in both
3D astrocytes and neurons spheroids, starting at 10 and 25 �g/ml,
respectively.

After long-term repeated dose regimen, cell spheroids showed
concentration- and time-dependent accumulation of Fe3O4NPs.

Cell mortality appeared at 10 and 0.5 �g/ml, for D384 and SH-SY5Y,
respectively, indicating a higher susceptibility, to Fe3O4NPs, of neu-
rons compared to astrocytes. Both spheroid types failed to maintain
their canonical shape and displayed cell disaggregation occurring
within the first week of treatment beginning at ≥ 0.1 �g/ml (cumu-
lative total exposures of ≥ 1.2 �g/ml) and becoming considerably
evident at higher concentrations and over the 30 day-period.

Recreating the 3D spatial environment of CNS allows cells to
behave in vitro more closely to the in vivo situation, therefore pro-
viding a model that can be used as stand-alone test or as a part of
integrated testing strategies. These models could drive an improve-
ment in the species-relevant predictivity of toxicity testing.

https://doi.org/10.1016/j.toxlet.2018.06.656

P07-09
Exploration of the GARD applicability domain –
Accurate sensitization assessment of UVCBs

U.I. Torstensdotter Mattson1,∗ , C. Humfrey 2, O. Larne 1,
H. Johansson 1, L. Sweet 3

1 SenzaGen, Lund, Sweden
2 Lubrizol, Derbyshire, UK
3 Lubrizol, Ohio, US

Chemical sensitization, also referred to as chemical allergy or aller-
gic contact dermatitis (ACD), is a disease state induced by the
human immune system in response to chemical sensitizers. It is
estimated that ACD affects 20% of the western population, and the
disease is associated with loss of life quality and is a significant eco-
nomic burden for society. Therefore, regulatory authorities require
safety testing for accurate assessment, classification, labelling and
appropriate risk management of chemical sensitizers.

GARD – Genomic Allergen Rapid Detection – is a state of the
art assay for assessment of chemical sensitizers. It is based on a
dendritic cell like cell line, thus mimicking the cell type involved
in the initiation of the response leading to sensitization. Recent
data from an inter-laboratory ring trial demonstrates that GARD
is a powerful tool for assessment of chemical sensitizers, with a
predictive accuracy of 94% and excellent reproducibility between
laboratories.

Almost 12000 substances were registered to ECHA by January
2017 and ∼21% of those were substances of Unknown or Variable
composition, Complex reaction products or of Biological materi-
als (UVCBs). While GARD was developed for the assessment of
pure, low-molecular weight chemical test substances, the inter-
est in testing mixtures and UVCBs has prompted the exploration of
such compounds’ compatibility with the current GARD SOP.

Here, we present results from the assessment of four UVCBs,
additives used in gear and engine oils, using GARDskin and/or
GARDpotency. In addition to vehicles defined by the SOP (water and
DMSO), we explored the use of polar and non-polar vehicles (glyc-
erol and DMF) and mixtures thereof for solubilisation of UVCBs.

It was shown that complex test substances with poor water solu-
bility, initially considered outside of the GARD applicability domain
or generating false negative results, were correctly classified based
on previous in vivo data using these experimental vehicles, in three
out of four samples.

The importance of incorporating flexibility in the choice of
vehicles in assay development was highlighted in this study.
Remarkably, poorly water-soluble UVCBs, previously considered
incompatible with submerged cell cultures were correctly classi-
fied, demonstrating the broad applicability domain of the GARD
assay.

https://doi.org/10.1016/j.toxlet.2018.06.657
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P07-10
An in vitro approach to e-cigarette toxicity
testing

L. Simms 1 , L. Czekala 1, M. Stevenson 1, G. Phillips 1, R. Tilley 2,
K. Rudd 1,∗, T. Walele 2

1 Imperial Tobacco LTD, Product Stewardship, Bristol, UK
2 Fontem Ventures B.V., an Imperial Brands PLC Company,
Amsterdam, Netherlands

Following “Toxicity Testing in 21st Century: A Vision and a Strat-
egy” a new toxicological paradigm was created, focusing on the use
of human derived cells lines/tissues and the disruption of key cel-
lular pathways. In keeping with these principles Fontem Ventures
have sought current assays for the biological assessment of our
products. Due to the evolving regulatory landscape and dynamic
nature of innovation with e-cigarettes, new assays are required to
quickly determine the biological response of these products. The
published literature reveals that e-cigarette aerosols display a lack
of significant cytotoxic and genotoxic responses in the CORESTA
in vitro test battery.

For novel e-liquid ingredients, we screen all ingredients for
Carcinogenic, Mutagenic and Reproductive (CMR) properties and
respiratory sensitising potential, from the scientific literature and
using in silico predictions. If no major alerts are detected, the
e-liquids are assessed in a panel of biologically relevant assays.
Examples of these assays include High Content Screening (HCS),
in vitro primary human cell biomarkers, dermal and respiratory
sensitisation and irritation assays.

The poster will present some of the data generated so far for e-
liquids with or without nicotine, the impact of flavours on a range
of cellular endpoints using lung cells employed in HCS (NHBE) and
a 3D lung model. An in vitro human primary cell biomarker assay
could detect increases in nicotine concentration in an e-liquid for-
mulations. Characteristic fingerprint responses have been detected
for certain e-liquid flavours, suggesting that flavours can play a
role in the in vitro biological responses. An in vitro 3D organotypic
lung model was exposed at the air-liquid interface to understand
cytotoxic, inflammatory and oxidative response of the aerosol.
Morphological evaluation was conducted using H&E staining and
cell membrane integrity via measurement of the tight junctions
using trans-epithelial electrical resistance (TEER). Results suggest
a lack of cytotoxicity and inflammatory responses to e-cigarette
aerosols.

These in vitro assays can greatly contribute to our current knowl-
edge of e-liquid ingredients and aerosols and should form part of
a larger weight of evidence approach including clinical studies for
the assessment of this category of products.

https://doi.org/10.1016/j.toxlet.2018.06.658

P07-11
Characterization of a lung/liver organ-on-a-chip
model

D. Bovard ∗ , A. Sandoz, M. Morelli, K. Trivedi, D. Marescotti,
S. Frentzel, K. Luettich, J. Hoeng

Philip Morris Products S.A, PMI R&D, Necuhâtel, Switzerland

Until few years ago, in vitro models could only poorly mimic the
processes observed in the human body. During drug development,
their inability to mimic complex physiological processes was an
important reason for drug withdrawals. The combination of 3D
in vitro models with an engineered microenvironment, resulting
in the so-called “organ-on-a-chip” technology, allows these limita-
tions to be overcome. This technology enables the study of complex

organ interactions, better simulating processes occurring in vivo
and therefore leading to better prediction of drug-associated toxi-
city.

With the aim of creating a model able to assess the toxicity of
aerosols accurately, Philip Morris International recently developed
a new lung/liver-on-a-chip device combining a bronchial tissue at
the air-liquid interface with HepaRGTM liver spheroids. A specifi-
cally designed peristaltic pump allows for a continuous medium
circulation and thereby enables lung-liver crosstalk. Stability of
both tissues in the chip over 28 days, alone and in combination,
was first evaluated. At the end of the experimental period, key
liver (albumin secretion, cytochrome P450 activity) and bronchial
tissue (transepithelial electrical resistance (TEER), cilia beating fre-
quency, morphology) characteristics were comparable to control
tissues that were maintained in the incubator. Using this lung/liver-
on-a-chip platform, we further demonstrated the role of the liver
compartment in metabolizing and inactivating a pulmonary toxi-
cants: aflatoxin B1. When only bronchial tissues were exposed to
this compound, a severe decrease of TEER values and adenosine
triphosphate content was observed, along with an increased num-
ber of apoptotic cells. Conversely, in the presence of liver spheroids,
bronchial tissues were unaffected by the compound. In parallel,
specific inhibitors of enzymes involved in the metabolism of this
compound were used to demonstrate the toxicity of the parent
compound and their metabolites.

Our results demonstrate that the lung/liver-on-a-chip platform
can be extremely beneficial for future toxicological analysis.

https://doi.org/10.1016/j.toxlet.2018.06.659

P07-12
Non in vivo skin sensitization strategy under
REACh in practice: Hurdles that need attention
to minimize the need for in vivo testing

S. Pelgrom ∗ , H. Barentsen, S. Jonis, W. Westerink, J. Rijk,
J. Paulussen

CRL, ‘s-Hertogenbosch, Netherlands

For the endpoint skin sensitization an Adverse Outcome Pathway
(AOP) has been developed, describing all crucial events involved
in the cascade of skin sensitization induction. For registration of
industrial chemicals under REACh, the in vivo test for the end-
point skin sensitization has been replaced by non-animal tests since
October 2016. In vivo testing for skin sensitizing is permitted as last
resort only. For the events involved in the AOP, the non in vivo tests
include the DPRA (key event 1), the KeratinoSens (key event 2), and
the the USens or hClat (key event 3). None of these individual tests
alone can predict skin sensitizing properties adequately, and it is
promoted by ECHA that 3 events from the AOP need to be tested,
the overall conclusion being based on a 2 out of 3 approach. In a
WoE statement arguments need to be given to demonstrate the
reliability of the tests/strategy and overall outcome.

Since October 2016 a lot of industrial chemicals have been tested
using this non in vivo approach. At CRL chemicals are tested fol-
lowing a step-wise approach, starting with solubility testing, and
information on skin corrosion and pH, and information on sub-
stance composition (UVCB, metal). In general the preferred test
strategy is DPRA together with DEREK (Q)SAR prediction (proba-
ble information on metabolism and/or potency) and KeratinoSens.
Based on these results the need for a third test is considered. How-
ever, from the results obtained with non in vivo testing, several
obstacles have been observed that need attention in order to reduce
the need for an LLNA in addition to the non in vivo test strategy.

Due to issues including low solubility, high partition coefficient,
inconclusive test result, and limitations (applicability) of some test

https://doi.org/10.1016/j.toxlet.2018.06.658
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systems for UVCBs and metals, no definite conclusion on skin sen-
sitizing potential can be drawn based on the test results. Moreover,
positive results from the non in vivo tests do not allow a conclu-
sion on the potency (cat 1a or 1b), as required for classification and
labelling.

From a dataset of 33 substances ∼ 29% was conclusive with
the non in vivo tests. Due to limitation of test systems no reli-
able conclusion for UVCB’s was possible, and 40% tests required
further testing being overall inconclusive/equivocal. Reduction in
in vivo testing will significantly improve with a potency test for skin
sensitization that is acceptable for classification and labelling.

https://doi.org/10.1016/j.toxlet.2018.06.660

P07-13
Cell-type specific effects of using two valproic
acid isomers in the neural embryonic stem cell
test

V.C. de Leeuw 1,2,∗ , E.V. Hessel 1, A.H. Piersma 1,2

1 National Institute for Public Health and the Environment (RIVM),
Center for Health Protection, Bilthoven, Netherlands
2 Utrecht University, Institute for Risk Assessment Sciences (IRAS),
Utrecht, Netherlands

Non-animal testing methods, in vitro and in silico, are indispensable
for improving human risk assessment of chemicals and reducing
the number of laboratory animals used. Such an approach requires
a series of complementary in vitro and in silico methods to study
effects of chemicals on complex processes, such as embryonic
development. The murine neural embryonic stem cell test (ESTn)
may be able to mimic a number of processes in early differentiation
of the embryonic neuroectoderm and brain. In previous research in
our lab a biomarker gene set was derived based on testing a range of
compounds in ESTn. The present study aims to further explore the
response characteristics of the ESTn by exposing it to two isomers,
valproic acid (VPA) and 2-ethylhexanoic acid (EHA), to investigate
whether these can be distinguished based on gene expression. It is
hypothesized that by using a limited number of markers for the
various cell types differences in potency of the compounds can
be observed. Based on morphological scoring a concentration of
0.1 mM was chosen to analyse gene expression effects, which was
in between the ID50 of VPA and EHA. At this concentration, the gene
expression of preneural tube marker Cdh1 was increased after 1 and
3 days of exposure. This timing corresponds to the occurrence of
the gene as Cdh1 is highly expressed in early, before neural tube clo-
sure. Stem cell marker Fut4 was only downregulated after 10 days
of exposure. Neuronal markers (Nes, Tubb) on the other hand were
virtually unaffected, pointing to normal development of neurons
once initial neural differentiation has taken place. A reduction in
markers for neural crest cells (Msx2, Snai2) was observed, whereby
Snai2 was affected after 4 and 10 days of exposure, while Msx2 was
downregulated only after 10 days. Epithelial-to-mesenchymal dif-
ferentiation (Snai2) may therefore be affected earlier than young
neural crest cell differentiation (Msx2). Astrocyte expression (Gfap)
was decreased after 10 days of exposure, which concurs with the
late expression of Gfap. Interestingly, all gene expression responses
to VPA and EHA went into the same direction, although with dif-
ferent effect sizes. Findings on gene expression were confirmed
with immunostainings. These effects on cell type markers point
to a similar mode of action with different potencies between VPA
and EHA.

https://doi.org/10.1016/j.toxlet.2018.06.661

P07-14
Cell-based screening of drug-induced metabolic
dysfunction

M. Schwalfenberg , R. McGarrigle, I. Hayes ∗, C. Carey, J. Hynes

Agilent Technologies Inc., Cork, Ireland

Recent years have seen a growing appreciation of the impor-
tance of the mitochondria and associated metabolic machinery as
sites for off-target drug effects contributing to safety-related attri-
tion and post-market drug withdrawals. High-throughput in vitro
cell metabolism assays are therefore of particular importance in
the identification and delineation of such metabolic perturbation.
Assessing the impact of drug treatment on metabolic perturbation
can however require both acute and long-term exposures. Acute
measurements reveal direct effects on mitochondria and associated
nutrient supply, while longer-term treatments can reveal toxicity
involving transporters, MMP-mediated accumulation, CYP activ-
ity, and impaired mitogenesis. Long-term treatments also require
the use of non-proliferative cell types which exhibit the relevant
transporter and CYP activities; competencies which are particularly
important when investigating hepatotoxicity.

The most direct measure of mitochondrial function is to assess
cellular oxygen consumption, as it informs directly on the activ-
ity of the ETC. To facilitate the use of this parameter in the
examination of both acute and long-term drug-induced metabolic
toxicity, we here describe a 96 well plate-based oxygen con-
sumption assay (MitoXpress

®
-Xtra) capable of the examination of

such drug-induced metabolic perturbation. Method performance
is characterised using a compound panel including Antimycin, Flu-
tamide, Nefazodone, and Cycloheximide while HepaRG cells are
used to incorporate assay sensitivity to transporter and CYP medi-
ated toxicities. The method also incorporates measurement of both
basal and maximal respiration to reveal drug-induced erosion of
metabolic capacity. Importantly, we also validate that oxygen con-
sumption measurements can be multiplexed with a cell membrane
integrity read-out (Calcein-AM) to better contextualise observed
metabolic alterations subsequent to long term drug treatments.
Compatibility with 3D-cultures in 96 well plate format is also
shown using the RAFTTM system.

https://doi.org/10.1016/j.toxlet.2018.06.662

P07-15
Neural crest related gene transcripts could
serve as future targets for biomarker selection
in the cardiac embryonic stem cell test

G. Mennen 1,∗ , J. Pennings 1, A.H. Piersma 1,2

1 National Institute for Public Health and the Environment (RIVM),
Centre for Health Protection, Bilthoven, Netherlands
2 Utrecht University, IRAS, Utrecht, Netherlands

The cardiac Embryonic Stem cell Test (ESTc) was designed to detect
embryotoxic compounds by their interference with the forma-
tion of beating cardiomyocytes. Molecular biomarkers could refine
embryotoxicity assessment, e.g. within one compound class. The
presence of neural crest (NC) cells in the ESTc was used as a tar-
geted approach to look for gene transcripts as biomarkers. The ESTc
is a heterogeneous culture, and in vivo, NC cells migrate into the
heart in heart development where they contribute to heart forma-
tion. Additionally, NC cell migration is influenced by retinoic acid
(RA), which is also important in heart development. Valproic acid
is known to affect RA homeostasis and was tested together with
its analogues 2-ethylhexanoic acid and 2-ethylhexanol. The ESTc
cultures were scored for beating cardiomyocytes on differentia-

https://doi.org/10.1016/j.toxlet.2018.06.660
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tion day 10 and stained for NC related markers at different time
points using immunocytochemistry. Expression levels of RA and
NC related genes were analysed at different time-points using RT-
qPCR. Whereas the three compounds did not show clear differences
in effects on beating cardiomyocytes, gene expression changes indi-
cated valproic acid as the most potent compound. Its analogues
2-ethylhexanoic acid and 2-ethylhexanol showed similar poten-
cies. Valproic acid downregulated the expression levels of Cyp26a1
and Aldh1a2, which play a role in RA homeostasis. The immunos-
tainings showed presence of NC cell clusters throughout the ESTc
cultures. Also NC related gene transcripts (like Ap2˛ and Ngfr) were
detected and showed mixed effects in up- or downregulation. Val-
proic acid stimulated Epithelial-to-Mesenchymal Transition (EMT)
genes related to NC cells early in the differentiation phase. These
gene transcript results suggest NC cells could play an important
role in the ESTc and may be of interest for biomarker selection.

https://doi.org/10.1016/j.toxlet.2018.06.663

P07-16
The THP-1 Toolbox: A new method that
integrates the 4 key events of skin sensitization

E. Clouet 2 , C. Raffalli 1, M.-H. Damiens 1, M. Pallardy 1,
P.-J. Ferret 2, S. Kerdine-Römer 1,∗

1 Université Paris-Sud, Paris Saclay, INSERM UMR-996,
Châtenay-Malabry, France
2 Pierre Fabre Dermo Cosmétique, Safety Assessment Department,
Toulouse, France

Allergic contact dermatitis (ACD) is an adverse health effect that
develops following repeated exposure to skin sensitizers. In the
European Union, an animal testing ban has been applied under the
Cosmetics Regulation, leading to development of reliably predic-
tive non-animal methods. An adverse outcome pathways (AOP) for
chemical induced skin sensitization has been already proposed in
2012 by OECD. AOPs outline causally linked key steps between a
direct initiating event leading to an adverse health outcome. Four
different key events (KE) have been identified and associated in the
AOP for skin sensitization: (1) protein-binding reactions, reactiv-
ity, and metabolism, (2) epidermal inflammatory response, (3) DC
activation and (4) T-cell proliferation. Different in vitro chemistry-
based assays have been developed and allow the evaluation of
sensitization hazards.

Since DC play a key role in the skin sensitization phase leading
to the development of ACD, we propose to combine different tests
covering all KE defined by AOP in a same cell line,the THP-1 cell,
acting as a DC.

We decided to study the ROS production and GSH depletion as
cellular oxidative stress for KE1, Nrf2 activation pathway and gene
expressions for KE2, phenotype modifications as cell-surface mark-
ers and cytokines production for KE3, and T cell proliferation for
KE4. All of those measurements were performed on the THP-1 cell-
line, after exposure to a variety of chemicals, including irritants,
non-sensitizers and allergens (pro/prehaptens).

Results showed early ROS production and reduction of intracel-
lular glutathione are correlated with the potency of the chemicals
such as cinnamaldehyde or methylisothiazolinone. Those chem-
icals as well as antioxidants specifically activate the Nrf2-Keap1
pathway, which were measured by western blot and a Nrf2 DNA-
binding ELISA. They also strongly induced phenotype maturation
of THP-1 cell-line with CD54 and CD86 expression at cell-surface
and specific cytokine production such as IL-8, IL-18. All sensitizers
were able to induce the T cell proliferation while non-sensitizers
and irritants did not.

In the present study, we have demonstrated that the three main
KE of skin sensitization AOP can be addressed in a same cell line as
well as lymphocyte activation.

https://doi.org/10.1016/j.toxlet.2018.06.664

P07-17
Characterization of human liver organoids
cultured on a newly developed microfluidic
chip with improved hepatic functions
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S.-J. Lee 1, E.-H. Cho 1, G.S. Jeong 3, W.-C. Son 1,2

1 University of Ulsan College of Medicine, Department of Biomedical
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2 Asan Medical Center, Department of Pathology, Seoul, Republic of
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3 University of Ulsan College of Medicine, Department of Biomedical
Engineering, Seoul, Republic of Korea

Hepatotoxicity is one of the major causes of drug withdrawal, thus
predicting hepatotoxic potential of a drug in vitro in an early stage
of drug development is highly significant. Since human hepatocytes
in a traditional 2D culture show limited hepatic functions and lose
their characteristics rapidly, 3D culture that shows improved hep-
atic functions and maintains its originalities better and longer has
been widely investigated. To mimic physiological condition better,
microfluidic system rather than a static condition has been applied
to 3D culture. Instead of primary hepatocytes which had proved
not appropriate in long-term culture, organoids using stem cells
including human embryonic stem cells (hESCs), human induced
pluripotent stem cells (hiPSCs), and adult stem cells (ASCs) from
liver have been studied in recent years. In this study, we attempted
to culture human liver organoids using adult bipotent stem cells
on a simple microfluidic chip with minimal fabrication procedures
and compare them to those cultured in a static condition. Bipo-
tent stem cells were obtained from samples of liver cancer patients.
Compared to the existing static culture using extracellular matrix
on a 24-well plate, organoids were formed and visible in a rel-
atively short time (2-3 days earlier) on the microfluidic device.
The size and morphology of the organoids in the microfluidic cul-
ture were less variable than in the static culture. After switching
to differentiation stage, the levels of albumin and urea secretion
increased faster in the microfluidic condition than in the static
condition. Also, the levels of hepatic marker expression including
albumin, HNF4�, CYP450 enzymes and transporters (BSEP, MRP2
and NTCP) were higher in the microfluidic condition. The activity
of CYP1A2 and 3A4 was also improved, which was demonstrated
by phenacetin and testosterone metabolism, respectively. We con-
cluded this newly employed, simple microfluidic device enables
to culture liver organoids more efficiently with improved hepatic
functions, suggesting a new tool for hepatotoxicity screening.

https://doi.org/10.1016/j.toxlet.2018.06.665
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P07-18
Development of a cell-laden 3D hydrogel
scaffold assessing neuronal function through
microelectrode array recordings

I. Lauria 1,∗ , F. Bendt 1, J. Hartmann 1, L. Nimtz 1, A. Blaeser 2,
S. Rütten 3, E. Fritsche 1

1 IUF - Leibniz Research Institute for Environmental Medicine,
Modern risk assessment and sphere biology, Düsseldorf, Germany
2 RWTH Aachen University, Biohybrid & Medical Textiles (BioTex),
AME-Helmholtz Institute for Biomedical Engineering, ITA-Institut für
Textiltechnik, Aachen, Germany
3 RWTH Aachen University Hospital, Institute of Pathology, Electron
Microscopy Facility, Aachen, Germany

In the future, novel in vitro neurotoxicological screening methods
to monitor the function of neuronal networks are crucial for safety
assessment of compounds, i.e. chemicals and pharmaceuticals.
These tests should be of human origin, standardized, repro-
ducible, well characterized and allowing a medium-throughput.
The three-dimensional (3D) bioprinting technology may realize
these requirements by producing organ-like neural structures
containing neurons and glia cells. However, 3D bioprinting of func-
tional neuronal networks is challenging due to the complexity of
brain tissues. Tailored bioinks combining 3D printability and pro-
viding the optimal neural cell environment are needed. Therefore,
in this study, we aim at the development of a neural cell-compatible
bioink, which allows neural progenitor cells (NPCs), neurons and
glia cells to survive and form 3D electronically active neuronal net-
works on microelectrode arrays (MEAs). By mitochondrial activity
and investigation of cytotoxicity we confirm that human NPCs are
viable within laminin/alginate-based hydrogel blends. Hydrogels
were analyzed by scanning electron microscopy for cell morphol-
ogy and gel pore sizes and by rheology for their viscosity and
elastic properties. Morphology of differentiated human NPCs was
investigated by immunostaining and confocal fluorescence imaging
using specific neuronal and glia markers, i.e. b(III)tubulin and GFAP.
We demonstrate that human NPCs are able to differentiate into
wide spread neurons and astroglia within the hydrogels. As a con-
trol, rat NPCs were embedded within laminin/alginate hydrogels.
Cells are viable and can form neuronal networks. To increase the
electroconductivity, silver microparticles are incorporated into the
hydrogels. Silver addition reduces cell viability in such composite
hydrogel materials in a concentration-dependent manner. Current
and future work aims at further establishment of bio-compatible
and at the same time printable material that exerts good electro-
conductivity for MEA recordings of standardized and reproducible
3D bioprinted neuronal networks for neurotoxicity evaluation.

https://doi.org/10.1016/j.toxlet.2018.06.666

P07-19
Comparison of 2D and 3D cultures of primary
hepatocytes on hepatocellular functions and
hepatotoxicity

H. Dinter 1,2 , A. Ullrich 1,∗, D. Runge 1

1 PRIMACYT GmbH, Schwerin, Germany
2 Hochschule Biberach, University of Applied Sciences, Biberach,
Germany

Primary hepatocytes of human and animal origin are the gold
standard for all pharmacological-toxicological studies in drug
development. They play a major role in ecotoxicological evaluation
as well. Three dimensional (3D) cultures became more popular in
the last years since they might mimic the in-vivo cell morphol-

ogy, polarity and cell-cell interactions better than traditional two
dimensional (2D) cultures. Here, we used primary hepatocytes of
Cynomolgus monkey and Beagle dog to compare two different 3D
culture systems, molded hydrogel discs consisting of a collagen
mimetic peptide and a 3D spheroid system, with the standard 2D
culture system. Hepatocellular detoxification functions like urea
release and CYP450 activity as well as the response to the hepa-
totoxin Diclofenac were analysed in these three culture systems.
The results were normalized to the corresponding volume of cul-
ture medium or to protein content. The secretion of urea was
improved and maintained at higher levels in both 3D culture mod-
els compared to the conventional 2D culture on collagen-coated
plates. CYP1A activity was inducible by ß-Naphthoflavone in a sim-
ilar manner in 3D hydrogels and 2D culture, but could only be
marginally induced in Cynomolgus but not in Beagle using the 3D
spheroid system. Diclofenac, a known and well described hepa-
totoxic compound, did not show any toxic effect on hepatocytes
cultured on 3D hydrogels. However, in 3D spheroid systems and
in 2D culture, Diclofenac lead to a decrease in cellular ATP con-
tent and to an increased LDH release. In summary, our results
indicate that major differences may exist between different 3D cul-
ture systems and in comparison to standard 2D culture methods.
These differences may lead to different and conflicting results in
the assessment of drug toxicity and drug-drug interaction. While
one 3D culture system (hydrogel discs) showed similar results with
regard to cytochrome induction, it failed to detect the hepatotoxic-
ity of Diclofenac. On the other hand, the second 3D culture system
(spheroids) revealed the Diclofenac toxicity but failed to express
CYP1A enzyme activity and did not respond to prototypical CYP1A
inducer.

https://doi.org/10.1016/j.toxlet.2018.06.667

P07-20
Streptococcus pneumoniae inhibits
Pseudomonas aeruginosa growth on nasal
human epithelium in vitro

S. Constant , P. Alouani ∗, S. Huang, C. Bertinetti, O. Verbeke,
L. Wiszniewski, M. Caul-Futy

Epithelix, Plan-les-Ouates, Switzerland

Pathogens colonizing the respiratory tract compete with a range
of other bacteria (1). Pseudomonas aeruginosa (PA) infection
are increasingly associated with acute exacerbations in chronic
obstructive pulmonary disease. Streptococcus pneumoniae (SP),
meanwhile is a main cause of pneumonia, meningitis, it can leads
to infections and other respiratory diseases such as bronchitis.

We report herein the use of 3D airway epithelia reconstituted in
vitro to study interactions of PA and SP on nasal mucosa. MucilAirTM,
a fully differentiated human airway epithelium made of a mix-
ture of primary nasal cells from 14 donors, was used to study
the effects and behaviour of PA and SP (inoculated at 3E+02 and
3E+11 CFU/cm2 respectively) cultivated separately or together over
24 hours.

Apical, basolateral and intratissular PA and SP growth were
quantified by Colony Forming Unit (CFU). Impairment of epithelial
homeostatic barrier function was evaluated through monitoring
of tissue integrity (Trans Epithelial Electrical Resistance – TEER);
cytotoxicity (LDH), cilia activity, mucin and IL-8 release.

PA infection induces a loss of TEER, 20% cytotoxicity and an
increase of Il-8 (+100 ng/ml). On the contrary, SP strongly increases
the mucin production. While inoculated together, a lower apical PA
growth is observed (− 3E+3 CFU/cm2) suggesting an inhibition due
to the presence of SP.

https://doi.org/10.1016/j.toxlet.2018.06.666
https://doi.org/10.1016/j.toxlet.2018.06.667
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These results suggest that in vitro human airway epithelia is
a useful model to study bacterial interaction on the human nasal
mucosa.

Reference

Siegel, S.J., Weiser, J.N., 2015. Annu Rev Microbiol. 69, 425–444.

https://doi.org/10.1016/j.toxlet.2018.06.668

P07-21
The In Vitro assessment of Respiratory
Sensitisation Potential of Electronic Cigarette
Liquids

M. Stevenson 1 , L. Czekala 1,∗, L. Simms 1, N. Tschierske 2,
H. Johansson 3, T. Walele 4

1 Imperial Tobacco Ltd, Bristol, UK
2 Reemtsma Cigarettenfabriken GmbH, an Imperial Brands PLC
Company, Hamburg, Germany
3 SenzaGen AB, Lund, Sweden
4 Fontem Ventures B.V., an Imperial Brands PLC Company,
Amsterdam, Netherlands

There is a general consensus amongst the scientific and public
health community that e-cigarettes constitute a less harmful source
of nicotine than combustible cigarettes, and that flavours play a
critical role in attracting and retaining smokers into the vaping cat-
egory. To provide further evidence that e-cigarettes present less
harm, various toxicological considerations need to be taken in to
account, i.e. Respiratory Sensitisation Potential of e-liquids. Cur-
rently, no in vitro or in vivo models are validated to identify chemical
respiratory sensitizers.

The objective of this study was to assess experimental and com-
mercial e-liquids in GARDairTM; an assay which claims to detect
respiratory sensitisers. GARDair measures the genomic biomarker
signature of a human myeloid leukemia-derived cell line exposed
to test substances. Gene expression analysis is performed using
Affymetrix microarray technology and a prediction model is used to
classify each sample according to its respiratory sensitizing poten-
tial.

Three experimental unflavoured (Base liquid (50:50 Propylene
Glycol, Vegetable Glycerin), ± 2.4%; or 4.5% Nicotine (w/w%)) and
two commercial e-liquids were assessed in the GARDair assay. Sev-
eral benchmark controls were assayed simultaneously with the test
articles to determine the sensitivity and specificity of the assay.

Of the seven assayed benchmark respiratory sensitizers, five
were accurately classified as such by GARDair. No false positives
were generated. Thus, the sensitivity and specificity were estimated
as 71% (5/7) and 100% (12/12), respectively. Overall predictive
accuracy was 89% (17/19). All e-liquids gave negative results for
respiratory sensitisation. The results highlight the potential of this
assay for future ingredient assessment strategies.

https://doi.org/10.1016/j.toxlet.2018.06.669

P07-22
OncoCilAirTM: A physiological in vitro platform
to assess the efficacy and the toxicity of lung
cancer therapeutics

H. Benainous 1 , V. Kilin 3, S. Huang 2, L. Wiszniewski 2,
J.-P. Wolf 3, L. Bonacina 3, S. Constant 1,2,∗, C. Mas 1

1 OncoTheis, Plan-les-Ouates, Switzerland
2 Epithelix, Plan-les-Ouates, Switzerland
3 University of Geneva, GAP Biophotonics, Geneva, Switzerland

Every year, lung cancer is the most frequently diagnosed can-
cer in men and women leading to 1 million deaths worldwide.
Clearly, realistic human 3D models, which recapitulate heterolo-
gous interactions between epithelial, stromal and tumor cell types
are required to improve preclinical predictivity. In this prospect
we have developed OncoCilAirTM, a Non Small Cell Lung Cancer
in vitro microtissue model which combines a functional reconsti-
tuted human airway epithelium, human primary lung fibroblasts
and lung adenocarcinoma cell lines cultured at the air-liquid-
interface. Remarkably, in this 3D microenvironment tumor cells
expand by forming nodules, closely mimicking human lung cancer
features. In addition, multiphoton imaging experiments revealed
that OncoCilAirTM replicates in vitro the ability of tumors to
influence surrounding healthy tissues, underscoring the physiolog-
ical relevancy of the model. Accordingly, drug screenings results
demonstrated that OncoCilAirTM allows accurate ranking of drug
candidates through the simultaneous assessment of their efficacy
and side-toxicity. Moreover, since the model remains functional for
several months and reproduces in vitro critical pitfalls of the lung
airway like mucus secretion and cilia beating, we showed that it can
be used to assess functionalised nanoparticles, oncolytic viruses but
also inhalation therapies through controlled nebulisation. Lastly,
we used genome editing tools to demonstrate the feasibility of
genetically modifying in vitro engineered human microtissues. In
doing so, we successfully induced carcinogenesis in smoker micro-
tissues. In conclusion, OncoCilAirTM heralds a new generation of
in vitro genetically editable human models which is expected to
accelerate the development of optimal lung cancer therapies while
reducing animal testing.

https://doi.org/10.1016/j.toxlet.2018.06.670

P07-23
Neurospheres for species-specific,
medium-throughput analyses of developmental
neurotoxicity (DNT) Evaluation

E. Fritsche 1,∗ , S. Masjosthusmann 1, N. Förster 2, J. Baumann 1,
F. Bendt 1, K. Dach 1, U. Hübenthal 1, M. Schmuck 1, T. Temme 2,
A. Mosig 2

1 IUF, Leibniz Research Institute for Environmental Medicine,
Düsseldorf, Germany
2 Ruhr University Bochum, Department of Bioinformatics, Bochum,
Germany

Testing for developmental neurotoxicity (DNT) of compounds for
regulatory purposes, e.g. for screening and priorisation, by using
an in vitro testing battery is currently under discussion at the
OECD level. Within such a battery a variety of neurodevelopmental
processes at different developmental stages needs consideration.
We have been establishing a DNT high content assay based on
time-matched fetal human and postnatal rodent as well as human
induced pluripotent stem cell (hiPSC)-derived neural progenitor
cells (NPCs), which proliferate in culture and - under differen-
tiating conditions – migrate and differentiate into neurons and

https://doi.org/10.1016/j.toxlet.2018.06.668
https://doi.org/10.1016/j.toxlet.2018.06.669
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glia cells, i.e. radial glia, astrocytes and oligodendrocytes. In this
so-called ‘Neurosphere Assay’ we analyzed multiple pathways for
their functional implications in neurodevelopmental processes,
amongst them oxidative stress, histone deacetylase inhibition or
thyroid hormone disruption. For high content analyses of differ-
entiated neurospheres, we developed the software ‘Omnisphero’
allowing simultaneous analyses of multiple neurodevelopmen-
tal endpoints like NPC migration, neuron and glia differentiation,
neuronal morphology and neuronal migration. This set-up allows
chemical testing in a medium throughput with the ‘Neurosphere
Assay’ as part of a DNT testing battery, e.g. for industrial or regula-
tory usage.

https://doi.org/10.1016/j.toxlet.2018.06.671

P07-24
Use of a 3-D human in vitro airway model
(EpiAirway

®
-FT) to investigate clinically

relevant endpoints for pulmonary disorders:
Proof of concept

D. Kidd 1,∗ , A. Woodhams 1, A. Daunt 2, A. Postoyalko 2

1 Covance Laboratories Ltd, Genetic Toxicology, Harrogate, UK
2 Covance Laboratories Ltd, Special Pathology Services, Harrogate, UK

Prediction of human biological responses using in vitro test systems
has long been the goal of many and over the past decade or two,
a vast array of models and technologies have arisen from research
groups all over the world. The introduction and uptake of these new
test systems have opened doors to recapitulating in vivo biological
responses in vitro and many new test systems have been adopted
at the international regulatory level (OECD Test Guidelines Section
4: Health Effects).

Building on the success of the 3-D skin models, commercially
available airway models are also available and used regularly.
EpiAirway

®
(MATTEK Corporation

®
, Ashland, USA) is a commer-

cial in vitro lung 3D tissue model that contains the epithelial cell
types found in the upper airway in vivo including functional beat-
ing cilia. These tissues respond to hyperplasia conditions as well as
other important biological pathways.

In a Proof of Concept (POC) study, we questioned whether the
EpiAirway

®
3D tissue model could yield relevant data for important

in vivo clinical endpoints. We initially evaluated the full thickness
tissue model (FT) against the standard thickness model (AIR-100)
concluding that the FT model gave a better representation of the
in vivo responses being observed.

We then exposed the EpiAirway
®

FT 3D tissue model to the Th2
cytokine IL-13 as a known inducer of goblet cell hyperplasia (GCH)
in vivo, using a small range of concentrations (1, 5 and 10 ng/mL)
over a 6-day period. We fixed, sectioned and stained (periodic Acid-
schiff (PAS)) the tissues for GCH analysis, observing a concentration
related increase and up to >5 fold increase in GCH over the control
tissues. Cilia beat frequency (CBF) analysis at the start and end of the
exposure period yielded no significant changes in the IL-13 treated
tissues compared to the control tissues however a reduction in CBF
on tissues that also showed cytotoxic damage (via trans epithelial
electrical resistance measurements) was observed.

These POC results show that the EpiAirway
®

FT 3D tissue model
is a suitable model for further investigation into in vivo pathologies
in an in vitro test system and we have begun to expand our work into
additional endpoints to further challenge our original hypopthesis.

https://doi.org/10.1016/j.toxlet.2018.06.672

P07-25
Comparative inhalation toxicity testing using
in vitro organotypic rat and human airway
epithelial models

P. Hayden 1,∗ , G.R. Jackson 1, J.L. Vinall 2, E. Storey 2, H. Simpson 2,
M. Debatis 1, A.G. Maione 1, C. Roper 2, M. Klausner 1

1 MatTek Corporation, Ashland, US
2 Charles River Laboratories, Edinburgh, UK

Rationale: Assessment of inhalation toxicity potential is important
for developing new therapeutics and establishing safe handling,
labeling and emergency response procedures for chemicals. Tradi-
tionally, animal models have been used for determining inhalation
toxicity. However, in vivo models may not accurately predict human
outcomes and therefore, translational information or replacement
is increasingly required. To address this issue, in vitro organotypic
airway tissue models constructed from primary human cells have
been developed. Yet, validation of these systems is problematic
because available in vivo inhalation toxicity data has been primar-
ily produced using rodents. In the current project, a scalable in vitro
organotypic model of rat mucociliary airway epithelium has been
produced to allow direct comparison of chemical toxicity responses
with previously developed in vitro human airway models.

Methods: Conducting airways epithelial cells were isolated
from CD rats, expanded in culture, and cultured at the air-liquid
interface for up to 27 days. Comparison of toxicity responses in rat
vs. human airway models was conducted using 14 chemicals with
in vivo GHS inhalation toxicity classifications ranging from cate-
gories 1-5. The airway models were exposed to 4 doses of each test
chemical for 3 hrs, followed by 21 hrs recovery prior to measure-
ment of tissue viability. IC75 concentrations for chemical toxicity
were determined from the dose response data.

Results: Rat and human airway models demonstrated a high
level of organotypic mucociliary differentiation including pseu-
dostratified epithelial structure with copious development of
functional cilia. Robust barrier function was demonstrated by
development of transepithelial electrical resistance of up to
1000 � × cm2. Results of chemical toxicity experiments showed
that rat and human tissue responses were similar, within the same
order of magnitude, for each chemical. Future work will expand
the range of chemicals tested to further define the comparative
responses.

Conclusions: These results suggest that in vitro rat and human
airway models will be useful tools to facilitate rodent to human
translation of in vitro inhalation toxicology data, and ultimately a
more complete transition to human based in vitro models of inhala-
tion toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.673

P07-26
Differentiation of hepatotoxic compounds by
metabolomics in HepG2 cells

S. Sperber 1,∗ , B. Birk 1, V. Haake 2, T. Walk 2, B. van Ravenzwaay 1,
H. Kamp 1

1 BASF SE, Experimental Toxicology & Ecology, Ludwigshafen,
Germany
2 metanomics GmbH, Berlin, Germany

BASF and metanomics established the database MetaMap
®

Tox con-
taining the plasma metabolome of more than 800 compounds
derived from 28-day studies in rats. Recently, a highly stable
and reproducible liver in vitro model was established, in which
the intracellular metabolome of HepG2 cells can be specifically

https://doi.org/10.1016/j.toxlet.2018.06.671
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altered through treatment with different hepatotoxicants. Within
the BMBF- and ZonMW-funded project SysBioToP, different liver
toxicants are currently being tested in different in vitro liver
cell systems using imaging technologies, transcriptomics and
metabolomics. We have analysed the intracellular metabolome
of HepG2 cells treated with valproic acid, paracetamol, ciproflox-
azine, and diclofenac, all described to cause liver injury in a human
clinical setting. The metabolome consisted of 236 unique metabo-
lites, thereof 35 amino acids and derivatives, 11 carbohydrates
and related compounds, 54 lipids, 14 energy metabolites, 6 nucle-
obases, 14 vitamines and cofactors as well as other miscellaneous
or unknown metabolites. Our data show that valproic acid, parac-
etamol, and ciprofloxazine did significantly change the intracellular
HepG2 metabolome, whereas diclofenac is only hardly distinguish-
able from the controls. A principal component analyses shows
that valproic acid and paracetamol build clusters of samples sep-
arate from control but close to each other, whereas ciprofloxacine
builds a cluster which clearly separates from control, but also from
the other treatments. The differences in the in vitro metabolome
response might reflect the in vivo effects both in terms of the under-
lying mode of action as well as the potency and frequency of liver
injuries in the clinical application.

https://doi.org/10.1016/j.toxlet.2018.06.674

P07-27
This poster abstract has been withdrawn

https://doi.org/10.1016/j.toxlet.2018.06.675

P07-28
BCOP LLBO is a promising method for eye
irritation classification

A.R. Van Rompay 1,∗ , E. Adriaens 2, S. Verstraelen 1

1 VITO NV, Health, Mol, Belgium
2 Adriaens Consulting bvba, Aalter, Belgium, Bellem, Belgium

Measurement of ocular irritancy is a necessary step in the safety
evaluation of industrial and consumer products. Until now, no sin-
gle alternative test was capable of identifying the different ocular
effects observed in the in vivo Draize eye test. The CON4EI project
(CONsortium for in vitro Eye Irritation testing strategy, sponsored
by Cefic) assessed the reliability of 8 in vitro test methods and com-
putational models for a set of 80 reference chemicals covering the
most important in vivo drivers of classification, balanced accord-
ing to the physical form (38 liquids and 42 solids) and representing
different chemical classes. The different test methods were com-
bined into a testing strategy and the performance was evaluated.
BCOP LLBO is incorporated in one of the testing strategies together
with SkinEthicTM HCE EIT or EpiOcularTM EIT to address the whole
spectra of eye irritation potential.

Furthermore, in the ALT4EI project (ALTernatives for Eye
Irritation, Sponsored by Flemish Department of Environment),
remaining data gaps for the BCOP LLBO method were filled to
strengthen the data set and include BCOP LLBO in OECD Test Guide-
line 437. In total, 145 chemicals were tested and the performance
of BCOP LLBO vs BCOP OP-KIT was compared. For Category (Cat) 1
vs No Cat 1 chemicals, the BCOP LLBO has a much higher sensitivity
(80 vs 68%). A higher false positive rate (21 vs 15%) was observed
for BCOP LLBO, especially Cat 2 chemicals were overpredicted (38
vs 22%). Anyway, a Cat 2 chemical in BCOP is classified as ‘No Pre-
diction can be made’, and requires a 2nd method (SkinEthicTM HCE
EIT or EpiOcularTM EIT) for classification. For No Cat vs Not No Cat,

a similar specifity (66 vs 64%) was obtained compared to BCOP
OP-KIT.

Currently, a validation study for BCOP LLBO (sponsored by
CEFIC) is finalized to demonstrate the utility and the applicabil-
ity of this device to be integrated in OECD Test Guideline 437. An
SPSF was accepted by the OECD Eye Expert group. The BCOP LLBO
method was trained, transferred and tested for the 13 proficiency
chemicals in 3 runs by VITO, CitoxLab and Charles Rivers. Data will
be submitted soon and for the first time presented at this Eurotox
meeting.

This research is funded by CEFIC-LRI, Flemish Department of
Environment. We acknowledge Cosmetics Europe for their contri-
bution in chemical selection and the BCOP testing.

https://doi.org/10.1016/j.toxlet.2018.06.676

P07-29
Effect of compounds Y on the barrier function
of human iPSCs derived brain microvascular
endothelial cells

M. Yamashita ∗ , H. Aoki, T. Hashita, T. Iwao, T. Matsunaga

Nagoya City University, Graduate School of Pharmaceutical Sciences,
Clinical Pharmacy, Nagoya, Japan

The blood-brain barrier (BBB) has an essential biological barrier
function to regulate molecular transport between the circulat-
ing blood and the brain parenchyma. The BBB is composed of
brain microvascular endothelial cells (BMECs), which are char-
acterized by specialized tight junctions and high expression of
multidrug efflux transporters. For drug development, in vitro mod-
els are required to evaluate BBB permeability, which is important
for predicting not only the efficacy but also the safety of drugs.
However, there is no ideal in vitro BBB model available currently.
Although BBB permeability has been evaluated using experimen-
tal animals, accurate prediction in human is difficult because of
species differences. Recently, the BBB models using human induced
pluripotent stem cells (iPSCs) has been developed. However, few
models have robust tight junctions and can maintain the bar-
rier function for a prolonged period. Therefore, we attempted to
enhance the characterized barrier function of human iPSCs derived
BMECs (iBMECs) in this study. iBMECs were differentiated by exist-
ing methods containing compounds Y. In the results, compounds
Y significantly increased the trans-endothelial electrical resistance
(TEER) and decreased Lucifer Yellow (LY) permeability of iBMECs.
Also, compounds Y allowed iBMECs to maintain the high TEER value
and low permeability of LY for a prolonged period. The results of
immunofluorescence staining confirmed that the localization of
Occludin, ZO-1 and Claudin5 (the tight junction markers) to mem-
branes were stabilized by compounds Y. The efflux transporter
ABCG2/BCRP was located the apical side on iBMECs. Furthermore,
Hoechst33342 permeability revealed that compounds Y increased
the transport activity of ABCG2/BCRP. In conclusion, we have suc-
ceeded in discovering compounds Y improving the formation of
tight junctions and the activity of efflux transporter, and main-
tained the barrier function of the generated BBB model for a
prolonged period. Thus, it was suggested that compounds Y would
be useful for developing in vitro BBB models from iPSCs.

https://doi.org/10.1016/j.toxlet.2018.06.677

https://doi.org/10.1016/j.toxlet.2018.06.674
https://doi.org/10.1016/j.toxlet.2018.06.675
https://doi.org/10.1016/j.toxlet.2018.06.676
https://doi.org/10.1016/j.toxlet.2018.06.677


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 57

P07-30
Human tissue based sensitization assessment:
set-up of an accurate prediction model for
distinguishing skin sensitizers using a new
assay adapted to hydrophobic substances and
mixtures

E. Andres 1,∗ , M. Barry 1, A. Hundt 1, C. Dini 1, P.-J. Ferret 2

1 Oroxcell, Life Sciences, Romainville, France
2 Laboratoires Pierre Fabre, Safety Department, Toulouse, France

A new assay for skin sensitization assessment, based on the spe-
cific release of IL-18 cytokine from EpiCS recontructed epidermises
in response to skin sensitizer exosure, was implemented in our
lab. The prediction capacities of the assay for the identification of
contact sensitizers were refined in a new prediction model.

20 references substances were tested on 10 batches of recon-
structed epidermises. Each batch was verified for its basal level of
IL-18 release and for its reaction to solvent. Two types of predic-
tion model were applied to evaluate the final results of the assay,
in order to optimize the predictivity of the experimental data.

The EpiCS test system provided remarkably low but stable lev-
els of basal and solvent induced IL-18 release over 10 batches of
epidermises. The prediction performances were found to be com-
parable to previously published results. Differences in performance
between the evaluated prediction models were examined in terms
of the balance of correct classification of positive and negative sub-
stances.

The results indicate that the assay provides promising predic-
tion performance, with similar levels of sensitivity, specificity and
accuracy to OECD validated assays, albeit obtained with a reduced
number of substances. Therefore, further testing of a wider range
of substance types is recommended.

https://doi.org/10.1016/j.toxlet.2018.06.678

P07-31
Differentiation of human pluripotent stem cells
(hPSC) into neurons: A fast, reproducible and
inducible system for neurotoxicity screening

J. Aleksic ∗ , I. Geti, G. Apic, A. Stoop, M. Kotter

Elpis Biomed, University of Cambridge Biomedical Innovation Hub,
Cambridge, UK

The lack of reproducible and scalable physiologically relevant
model is one of main reasons for neurological drug failure. We
present here powerful approach for the generation of human neu-
rons by forward programming and demonstrate their potential
use in neurotoxicity screening. We used optimized inducible over-
expression platform (OPTi-OX) based on targeting of each of the
two elements of Tet-ON system (reverse tetracycline transactiva-
tor [rtTA] responsive to doxycycline (dox), and inducible promoter
regulated by rtTA (Tet-responsive element)) into different genomic
safe harbour sites. To generate neurons we created pro-neuronal
transcription factor NGN2 OPTi-OX hPSCs and induced them with
dox in neuronal differentiation medium. Nearby pure populations
of neurons are generated within 5 days and reach synchronised
network activity on multi-electrode arrays within less than three
weeks. The efficiency of neuron generation remained stable over
extended culture periods of the inducible hPSCs (>25 passages).
qPCR showed that induction of NGN2 expression resulted in down-
regulation of pluripotency factors OCT4 and NANOG, and after 1
week upregulation in expression of seven genes of neuronal tran-
scriptional program. SysWiz software was used to demonstrate
the potential application of these genes in detecting neurotoxic-

ity. SysWiz contains publicly available data on chemicals, genes,
proteins and toxicities/pathologies/diseases. Using SysWiz, we
mapped known neurotoxins onto these seven genes, and got pre-
dictions of multiple neurotoxic effects, like Neuronal degeneration,
Neuronal atrophy, necrosis, apoptosis etc. Our results demonstrate
that OPTi-OX forward programming can be used for fast and repro-
ducible generation of neurons that can be utilized for neurotoxicity
testing.

https://doi.org/10.1016/j.toxlet.2018.06.679

P07-32
High content cell monitoring of cancer and
cancer treatment-related cardiomyopathy

E. Dragicevic 1,∗ , K. Juhasz 1,2, O. Reinhardt 3, L. Doer 1,
M. Beckler 1, S. Stölzle-Feix 1, F. Alves 3,4, N. Fertig 1

1 Nanion Technologies, Munich, Germany
2 Technische Universität München, Institute for Nanoelectronics,
Munich, Germany
3 MPI of Experimental Medicine, Translational Molecular Imaging
Group, Göttingen, Germany
4 University Medical Center Göttingen, Clinic of Hematology and
Medical Oncology, Göttingen, Germany

Changes in the impedance time course of cell-covered electrodes
give profound insight in changes in cell morphology, contractility,
and proliferation, even over prolonged periods of time, providing a
significant advantage over standard mostly endpoint cytotoxicity
assays.

Here, we have applied this technology for monitoring breast
cancer cell regrowth after chemotherapy treatment in vitro. One
clinical regimen is a combination of cyclophosphamide, adriamycin
(doxorubicin) and 5-fluorouracil (CAF) that is administered to
patients for four months. Despite the initially successful mul-
timodal therapy, tumor recurrence remains a major cause of
mortality in breast cancer patients. Here, we investigated responses
from murine H8N8 and H8N8 T3.2 cells via two different assay
methodologies: by using an image-based live-cell analysis sys-
tem and an impedance-based cell monitoring system. The murine
H8N8 cells represent an immortal mammary carcinoma cell line
with tumor stem cell properties, and the H8N8 T3.2 cells repre-
sent a once-treated recurrent tumor variant. For in vitro tumor
regrowth investigation, the H8N8 T3.2 cells were treated with CAF
for a second time. Changes in impedance and confluency of murine
mammary carcinoma cells, were used as a measure of toxicity with
cell viability monitored over a time period of 500 h with a 1 ms
time resolution, under in vitro physiological conditions. Intrinsic
dose dependent effects of CAF could be identified consistent with
other methods.

Next, we tested the implication of anticancer drugs on induced
pluripotent stem cell-derived cardiomyocytes (iPSC-CMs). As an
emerging field Cardio-Oncology aims to find a balance between
oncologic efficacy and reducing adverse cardiovascular effects. By
long term monitoring of iPSC-CMs a putative cardiovascular side
effect can be investigated. CAF, cyclophosphamide, doxorubicin
and 5-fluouracil alone, as well as paclitaxel long-and short-term
implications on cell viability will be shown.

In summary, long-term high-resolution impedance prolifer-
ation curves provide amenable insights into dynamics of cell
proliferation, for in vitro investigations of adjuvant chemotherapy.

https://doi.org/10.1016/j.toxlet.2018.06.680
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P07-33
High-throughput 3D brain model of
iPSC-derived neurons and glia for prediction of
neurotoxicity and safety pharmacology

C. Ramakers ∗ , C. Chang, K. Wilschut, A. Nicolas, T. Olivier,
H.L. Lanz, S.J. Trietsch

Mimetas BV, Leiden, Netherlands

Prediction of neurotoxicity remains challenging due to the lack
of relevant human-based 3D in vitro models of the brain and
rely heavily on ex vivo and in vivo animal testing. We show the
application of a human in vitro 3D CNS models developed in the
OrganoPlate

®
that can be used for risk assessment during drug

discovery and development.
The high-throughput OrganoPlate platform consists of 96

microfluidic individual chips supporting 3D co-cultures of human
iPSCs-derived neurons and astrocytes embedded in Matrigel with
an adjacent easy accessible channel for medium perfusing and com-
pound exposures.

During long-term culturing, the 3D mature CNS cultures show
the presence of both GABAergic and glutamatergic neurons with
astrocytes observed by plate-based immunostainings. Calcium
fluctuations were detected using a calcium sensitive dye reflect-
ing spontaneous electrophysiological activity after one week of
cell culturing. Modulation of the neuronal activity was achieved by
exposure to GABA, as well as neurotoxicant Methylmercury. The
seizurogenic predictivity was shown after 4-AP exposure resulting
in increased bursting patterns. Together with the multiplexing of
assays to determine mitochondrial membrane potentials and neu-
ronal viability, and additional neurite integrity, this CNS platform
allow us to study different classes of neurotoxicants. Using auto-
mated high content microscopy this functional 3D neuronal model
can be applied to high-throughput screening of specific regions of
the human brain to better predict neurotoxicity and safety phar-
macology, while additionally contributing to diminish the use of
animal models.

https://doi.org/10.1016/j.toxlet.2018.06.681

P07-34
Identification of oxidative stress potential in
phenolic compounds and their link to liver
injury

J.P. Schimming ∗ , L.J.M. Bischoff, B. ter Braak, B. van de Water

Universiteit Leiden, Division of Drug Discovery and Safety, Leiden,
Netherlands

Oxidative stress is a critical components of most adverse out-
come pathways related to chemical-induced liver injury, which
for various chemicals involves redox cycling. In order to success-
fully develop next generation toxicity testing concepts, a successful
identification of a compound’s capacity to induce redox-cycling
based liver injury is necessary. Hydroquinone like phenolic com-
pounds are able to elicit oxidative stress via auto-oxidation and
consecutive formation of reactive oxygen species, thus contribut-
ing to the development of liver damage. We have used a large panel
of data-rich phenols to define whether new approach methodolo-
gies (NAM) can be used to correctly predict redox-cycling-mediated
oxidative stress and cell death. Our test set did consist of 6
hydroquinone like compounds with redox-cycling potential, 12
redox-cycling negative compounds with alkyl side chain and 3
without an alkyl side chain.

To evaluate oxidative stress and cell death we applied Nrf2 path-
way HepG2 BAC-GFP reporter cell lines, that allow the single cell

dynamic assessment of Nrf2 activation and induction of Srxn1, an
Nrf2 target gene. Utilizing high throughput confocal microscopy
ensured a rapid live cell measurements of a broad concentration
time response of Nrf2 pathway activation for all phenols studied in
association with the onset of cell death, providing an information-
rich dataset concerning oxidative stress pathway activation. In
order to identify further potential mode of action, we quantified
the expression of the human S1500+ gene list V2 of the NTP’s Tox21
Working Group in HepG2 and cryopreserved Primary Human Hep-
atocytes (cPHH).

The Nrf2 pathway reporter cell lines of the Nrf2 pathway
allowed identification of redox-cycling positive hydroquinone like
compounds: a concentration- and time-dependent compound spe-
cific activation of Srxn1-GFP was observed, and all compounds that
induced Srxn1 also induced stabilization and nuclear translocation
of Nrf2-GFP. Cell death was induced at high concentrations for all
redox-cycling phenols. The redox-cycling negative phenols were
inactive in both Nrf2-GFP activation as well as Srxn1-GFP induc-
tion. Nevertheless, alkylated phenols induced onset of cell death,
likely independent from oxidative stress induction. In conclusion,
our current reporter cell models to quantify oxidative stress induc-
tion at the cellular level support the concept to apply innovative
NAM methods to support read-across-based chemical safety test-
ing.

https://doi.org/10.1016/j.toxlet.2018.06.682
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Acute lung injury on-chip: building a disease
predictive model that emulates alveolar
biomechanics

N. Roldan 1,∗,* , A. Rapet 1, A.O. Stucki 1, G. Raggi 1, K. Fytianos 2,
T. Geiser 2,3, N. Hobi 1,4, O.T. Guenat 1,4,*

1 University of Bern, ARTORG Center, Bern, Switzerland
2 University of Bern, Department of Biomedical Research, Bern,
Switzerland
3 University Hospital of Bern, Division of Pulmonary Medicine, Bern,
Switzerland
4 AlveoliX AG, Bern, Switzerland

Acute lung injury (ALI) is a complex lung disease in which
inflammation plays a central role. The disruption of the alve-
olar epithelial-endothelial barrier together with an exacerbated
inflammatory response lead to influx of oedema fluid into alveoli
impairing gas exchange and lung mechanics. Sepsis, a severe bac-
terial infection, is a known trigger of ALI. For this reason, a classical
approach for in vitro and in vivo studies is employing lipopolysac-
charide (LPS), a component from gram-negative bacteria cell wall,
to stimulate the inflammatory response, immune cell infiltration
and tissue damage.

In this work, our aim was to investigate the combined role of
lung mechanics, often neglected in in vitro studies, and inflam-
matory cells on the integrity of the endothelial barrier. With that
purpose, we have employed primary pulmonary endothelial cells
from a human source to reconstruct the aforementioned barrier
using a lung-on-chip, a microfluidic device that reproduces the
breathing motion. This system accounts for mechanical cyclic strain
and enables the perfusion of circulatory immune cells.

Our results show that upon challenging the endothelial cells
with LPS, the presence of immune cells led to a greater inflam-
matory response compared to that of pulmonary endothelial cells
alone, also in terms of barrier integrity. We additionally show that

∗ N.H and O.T.G. contributed equally to this work
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this effect was not only due to cell-cell crosstalk but also to the
physical interaction between immune cells and the endothelial
barrier.

In conclusion, our model provides proof of the determinant role
of the immune system in ALI in physiologically-mimicking dynamic
conditions. These findings constitute a step towards a more accu-
rate and clinically relevant in vitro system which in the future,
could represent an alternative to animal models to design novel
therapeutic approaches and evaluate drug toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.683

P07-36
Predicting skin sensitizers with confidence –
using conformal prediction to determine
applicability domain of GARD

H. Johansson 1,∗ , A. Forreryd 1, U. Norinder 2,3, T. Lindberg 4,
M. Lindstedt 4

1 SenzaGen AB, Lund, Sweden
2 Swetox, Unit of Toxicology Sciences, Södertälje, Sweden
3 Stockholm University, Department of Computer and Systems
Sciences, Kista, Sweden
4 Lund University, Department of Immunotechnology, Lund, Sweden

Proactive identification of chemicals with skin sensitizing proper-
ties is a key toxicological endpoint within chemical hazard testing,
and to meet European legislations, considerable efforts have been
made to develop animal-free approaches to replace current animal
testing.

Genomic Allergen Rapid Detection (GARD) is a state-of-the-art
non-animal-based testing strategy. The assay classifies chemicals
as either skin sensitizers or non-sensitizers based on the readout
from a genomic biomarker signature comprising 200 genes mea-
sured in an in vitro model of dendritic cells. GARD was recently
subjected to a formal validation procedure (OECD TGP 4.106)
involving classification of 28 tests substances in three independent
laboratories and demonstrated an excellent reproducibility within
(82–89%) and between laboratories (92%), as well as an outstand-
ing predictive performance: accuracy - 94%, sensitivity – 93%, and
specificity 96%.

In addition to reporting average model performance, it is also
important to provide a measure on how well an assay is expected
to perform for a particular test substance. Uncertainties may arise
if a model is forced to classify compounds falling outside the
predictive boundaries (i.e. applicability domain) of the model.
However, this measure is often neglected by test developers, and
assays are instead assumed to be universally applicable for all
chemicals.

Based on resent research at Lund University, conformal pre-
diction has initially proved to be a promising tool for defining
applicability domain of in vitro assays. This framework provides
a measure of uncertainty associated with each prediction, as
well as deliver a warning if a specific test sample is outside
the applicability domain. In the current study, we implemented
and developed the concept of conformal prediction to suit the
assay format of GARD. Historical datasets were investigated, and
results demonstrated that all hitherto tested chemical reactivity
domains, as well as pre-and pro-haptens are within the applica-
bility domain of GARD and can be classified with high amount of
confidence.

The presented results demonstrates the importance of estab-
lishing applicability domain of in vitro assays. For regulatory bodies,
as well as for the chemical industry, the results presented for the
GARD assay facilitates in the decision making process, and allows

for classification of skin sensitizers with confidence, thus fulfilling
characteristics for future standalone use.

https://doi.org/10.1016/j.toxlet.2018.06.684
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Modeling of ligand-induced acute and chronic
inflammation in the gastrointestinal tract using
In vitro 3D-human small intestinal microtissues
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P. Hayden 1, S. Ayehunie 1

1 MatTek Corporation, Ashland, US
2 Mattek IVLSL, Bratislava, Slovakia

Intestinal epithelium is known to be involved in innate immune
responses by recognizing potential pathogens through cellular pat-
tern recognition receptors (PRRs). The purpose of this study is
to investigate PRR responses following exposure of an in vitro
3D human small intestinal (SMI) microtissue to various Toll-
like receptor (TLRs) and Node-like receptor (NOD) ligands. The
SMI microtissues are cultured using human intestinal fibroblasts
and enterocytes and their 3-dimensional polarity and morphol-
ogy mimics that of native in vivo tissues. Characterization of
the microtissues included evaluation of structural features, bar-
rier properties, and expression of drug transporters and drug
metabolizing enzymes. Results showed that exposure of intesti-
nal microtissues to live bacterial or ligands to TLR4 (LPS) and NOD2
(Muramyl dipeptide; MDP) were able to induce gene expression of
proinflammatory cytokines such as IL-1�, IL-6, and RANTES. Pro-
longed exposure of intestinal microtissues to IL-1� also resulted in
reduced membrane integrity and induction of pro-inflammatory
cytokines (IL-6 and CCL20) known to stimulate acquired immune
cell responses by inducing cytokine release such as TNF-� and IFN-
� or by initiating the migration of inflammatory cells. All these
responses may be precursors for IBD-like disease. To simulate
the effect of immune cell responses on the intestinal epithelium,
we also exposed the microtissues to TNF-� and IFN-�, which
resulted in the reduction of membrane integrity and the release
of proinflammatory cytokines. The effect of TNF-� and IFN-�
on the intestinal epithelium was further exacerbated if antigen-
presenting cells such as dendritic cells were incorporated into
the 3D intestinal microtissues. In summary, our results suggest
that the EpiIntestinal tissue is capable of modeling innate immune
responses and can be a useful tool to study the complex interac-
tions of human intestinal epithelium with microbiome in vitro in
the induction of IBD-like disease.

https://doi.org/10.1016/j.toxlet.2018.06.685
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Rapid and accurate high-throughput in vitro
prediction of nephrotoxicity in humans with
ProxTox-HTS

R. de Wilde 1,∗ , B. Kovács 1, D. Gliesche 1, D. Zink 2

1 SOLVO Biotechnology, Budaörs, Hungary
2 A-star, Institute of Bioengineering and Nanotechnology, Singapore,
Singapore

Introduction: Renal proximal tubular cells (PTCs) are essential
for the renal elimination of xenobiotics due to their role in com-
pound transport, metabolism and secretion. Therefore, drugs and
their metabolites may damage PTCs and lead to acute kidney injury
or chronic kidney disease. Methods for analyzing PTC toxicity are
needed for predicting potential drug mediated nephrotoxic effects.

https://doi.org/10.1016/j.toxlet.2018.06.683
https://doi.org/10.1016/j.toxlet.2018.06.684
https://doi.org/10.1016/j.toxlet.2018.06.685


ARTICLE IN PRESSG Model

60 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

Until recently, in vitro methods for predicting nephrotoxicity in
humans were not available and animal models were the meth-
ods of choice. However, animal models have a low throughput, are
expensive and the outcomes often poorly predict human toxicity.
Human and animal PTCs display major differences with respect to
transporter and drug-metabolizing enzyme expression patterns

Methods: Recently, the first in vitro methods for the accurate
prediction of nephrotoxicity in humans became available. These
include a high-throughput screening (HTS) method for screening
of larger compound libraries. The HTS platform was developed
without using pre-defined endpoints, instead, predictive cellular
changes were identified by phenotypic profiling after compound
treatment. Using a HTS imaging and machine learning system,
129 phenotypic features were assessed, and groups of 4-5 predic-
tive features were selected and used as endpoints. The predictive
method has been pre-validated with 44 chemically diverse com-
pounds, with well-characterized effects on human kidneys. The
method utilizes primary human renal proximal tubule or HK-2 cells
in 384-well format.

Results and Conclusion: The test balanced accuracies are 82%
(primary PTCs) and 89% (HK-2 cells), respectively. The results indi-
cate DNA damage as a key determinant for PTC toxicity, which
was mediated by various nephrotoxicants directly or indirectly via
ROS generation. The combination of cell-based systems with com-
putational algorithms can be used for efficient and accurate HTS
in vitro kidney toxicity predictions, and is currently applied in col-
laboration with the US Environmental Protection Agency for the
prediction of the human nephrotoxicity of ToxCast compounds.

https://doi.org/10.1016/j.toxlet.2018.06.686
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Critical substances in bovine corneal opacity
and permeability (BCOP) versus isolated
chicken eye (ICE) assays
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Ex Vivo tests play an important role in the attempt to significantly
reduce or even to avoid animal testing of chemicals. They are part of
a tiered-testing strategy for regulatory classification and labelling
within a specific applicability domain. One of these tests is the BCOP
(Bovine Corneal Opacity and Permeability; OECD 437) method that
can be used to classify chemicals, i.e. non-irritants or substances
inducing serious eye damage. Another test system to classify for
these categories is the ICE (Isolated Chicken Eye; OECD 438). Clas-
sification of both tests is based on the In Vitro Irritancy Score (IVIS),
which is derived from combined assessments of the cornea, fol-
lowing exposure to a test chemical. In the BCOP test opacity and
permeability are used for scoring, while for the ICE opacity, flu-
orescein retention, increased thickness and surface damages are
evaluated.

The differences in scoring and conduct of these two tests come
along with advantages but also limitations regarding critical sub-
stances. In providing examples, we point out these advantages and
limitations that could help decide which test might be the more
appropriate one.

For example certain coloration or consistency (e.g. dyes or sticky
chemicals) can lead to elevated or false positive values in a BCOP or
an abort of the running experiment because of a strong adhesion
of the test substance to the cornea tissue. In this context the ICE

provides better results, based on the different technique of admin-
istration and incubation of test sample. Additionally, the evaluation
of the results is generated by a larger number of measurements and
therefore artefacts can be excluded easier.

Depending on the physical state of the test substance, incubation
time can differ between 10 minutes for fluids and surfactants and 4
hours for solids for BCOP. In contrast, incubation time for ICE lasts
only 10 seconds independent of physical state.

Additionally, the scoring system differs between the tests. While
in BCOP tests opacity is measured using an opacimeter, the ICE
more specific criteria are analyzed using a slit lamp observation.
This allows a more individual examination and less impact of inter-
ferences.

https://doi.org/10.1016/j.toxlet.2018.06.687
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In vitro evaluation of hepatotoxicity by
amiodarone in HepatoPac (micropatterned
co-cultured hepatocytes) using liver-specific
markers

Z. Nereda , C. Kegyes ∗, R. de Wilde, Z. Gáborik

SOLVO Biotechnology, Budaörs, Hungary

Introduction: Drug induced liver toxicity (DILI) is a major rea-
son for discontinuing drug development programs and identifying
potential risk for DILI is therefore important. Several in vitro tests
have been developed to assess hepatotoxicity risk. Models using
polarized primary hepatocytes with functional drug metabolizing
enzymes and transporters, such as sandwich cultured hepatocytes,
spheroids, randomly cocultured hepatocytes and micropatterned
cocultured hepatocytes (HepatoPac) are because of their in vivo-
like properties considered to be among the more physiologically
relevant models. A drawback of many in vitro tools however is lab-
to-lab variability. Micropatterned co-cultures (HepatoPac) have a
tightly controlled architecture and because of this we hypothesized
its lab-to-lab variability might be minimal. In addition, the model
has a life-span of several weeks in culture, allowing repeat dosing
of test compounds. We therefore evaluated the known hepatotox-
icant amiodarone in HepatoPac and compared results to published
data.

Results: Using albumin, urea, adenosine triphosphate (ATP)
and glutathione (GSH), we found TC50 (the concentration that
decreases a response by 50%) values close to published values. After
single dosing, similar TC50 values were obtained on day 5 and 9
using intracellular ATP and GSH levels. After dosing every 2 days,
we measured TC50 values of increasing potency over time, using
albumin and urea levels in the medium. No toxicity was observed
for negative control acetylsalicylic acid (aspirin) at any of the con-
ditions.

Conclusion: We successfully used the HepatoPac toxicity assay
in our lab and demonstrated low variability between our and pub-
lished data, indicating the robustness of this method between labs.

https://doi.org/10.1016/j.toxlet.2018.06.688
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In vitro model for the prediction of respiratory
sensitization

A. Chary 1 , T. Serchi 1, S. Cambier 1, E. Moschini 1, S. Contal 1,
J. Hennen 2, J. Ezendam 3, B. Blömeke 2, A.C. Gutleb 1,∗

1 LIST, ERIN, Belvaux, Luxembourg
2 Trier University, Department of Environmental Toxicology, Trier,
Germany
3 RIVM, Centre for Environmental Protection, Bilthoven, Netherlands

Exposure to chemicals in occupational scenarios or at consumer
levels can lead to the development of respiratory allergies. At
present, no in vitro method is available for the prediction of res-
piratory sensitization potential of chemicals.

To mimic the alveolar-capillary barrier we developed a 3D in
vitro model grown at the air liquid interface including alveolar type
II epithelial cells (A549), endothelial cells (EA.hy926), macrophages
like cells (PMA differentiated THP-1) and dendritic like cells (DC)
(non-differentiated THP-1).

Exposure to PA and TMA leads to the upregulation of the expres-
sion of CD54 on THP-1 cells up to respectively 185% and 204%
relatively compared to vehicle controls while no increase was
observed after exposure to irritants. The same was observed for
expression of TSLPr with an upregulation up to 162% and 151% after
PA and TMA exposure. After protein allergens exposures, OX40L
expression was regulated up to 150% after HDM exposure and to
160% after Betv1 exposure, while OX40L expression decreases after
irritants exposure, down to 85% for MeSa and to 62% for Acr. Gene
expression and cytokines release allowed discriminating sensitiz-
ers from irritants.

In conclusion, the presented in vitro model represents a useful
tool the prediction, in vitro, of respiratory sensitization, allowing
discrimination between respiratory sensitizers, either chemicals or
protein sensitizers, and respiratory irritants.

https://doi.org/10.1016/j.toxlet.2018.06.689
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Characterization of drug metabolizing enzymes,
transporters and permeation in a human
organotypic corneal tissue model
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The corneal barrier is vitally important for eye protection, but
also presents a significant challenge for delivery of ophthalmic
drugs. Most current studies utilize excised animal corneas that are
not suitable for rapid drug screening and also have poor species
extrapolation and standardization. We developed a physiologically
relevant, human-based in vitro 3D corneal tissue model (Epi-
Corneal) and evaluated its utility for ophthalmic drug development.

Tissues were characterized by histology, confocal microscopy,
barrier function, and expression of genes essential for metabolism,
detoxification, and drug transport. The organotypic corneal tissue
model developed tissue structure, thickness and barrier formation
(1000 ± 146 � cm2) comparable to native human corneal epithe-
lium. The 3D corneal tissue expressed tight junctions, mucins, and
key corneal epithelial detoxification enzymes. qPCR arrays were
utilized to investigate expression of 84 key phase I/II metabolizing
enzymes and 84 drug transporter genes in 3D corneal tissue and
excised human corneal epithelium. Drug metabolizing enzyme and
transporter gene expression were highly correlated (r2 = 0.87).

Permeability was evaluated using model compounds with a
wide range of hydrophobicity and molecular weight, and different
formulations of glaucomatous drugs Latanoprost and Bimatoprost.
Coefficients of permeation for model drugs in tissue model and
excised rabbit corneas showed a high correlation (r2 = 0.94). As
expected, Latanoprost and Bimatoprost free acids had much lower
permeability (Papp = 1.2 × 10−6 and 1.9 × 10−6) than the corre-
sponding prodrugs (Papp=2.5 × 10−5 and 5.6 × 10−5, respectively).
The presence of 0.02% Benzalkonium chloride in ophthalmic for-
mulations significantly affected tissue barrier and viability.

In summary, the model demonstrates in vivo like structure, bar-
rier and drug metabolizing and transporter gene expression. Tissue
permeability, as well as effects on viability and barrier of various
known ophthalmic formulations is similar to excised corneas. Epi-
Corneal tissue model may be useful in the evaluation of corneal
drug permeability and safety during the development of new oph-
thalmics.

https://doi.org/10.1016/j.toxlet.2018.06.690

P07-43
Liver-chip identifies mitochondrial dysfunction,
oxidative stress, and innate immune response
as potential pathways of toxicity for the GPR40
agonist TAK-875
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Drug-induced liver injury (DILI) is a major reason for safety-related
attrition in the pharmaceutical industry. Therefore, there is a need
for in vitro models that can be used to consistently and reliably
select compounds that have a reduced liability for liver injury.
3D liver models have the potential to revolutionize in vitro liver
toxicity testing. We describe a vascularized Liver-Chip that con-
tains primary hepatocytes, sinusoidal endothelial cells, Kupffer,
and stellate cells in a spatial configuration that recreates their
organization in the liver. Albumin secretion and CYP450s activ-
ities levels are maintained in culture for ≥2 weeks. The model
can detect diverse liver pathophysiology, including hepatocellu-
lar injury, lipid accumulation, and stellate activation. The fluidic
component provides physiological mechanical forces and allows
for ease of sampling of effluent for detection of cytokines and
DILI biomarkers (miR122, a-GST, CK-18, ccCK18, and total HMGB1).
These endpoints were characterized with several tool compounds
(e.g., APAP, fialuridine, methotrexate). The model was also used
to investigate the mechanism of DILI by the GPR40 agonist TAK-
875 following daily treatment at 3, 10, and 30 �M for ∼2 weeks.
There was significant turnover of TAK-875 and formation of its reac-
tive acylgucuronide metabolite (TAK-875AG) on Day 1 (16%) and
on Days 7/14 (44%) compared to 1% turnover obtained in human
hepatocytes in conventional culture system. The oxidative metabo-
lite (M-I) was formed at 4% in the Liver-Chip compared to reports
of 10% found in humans. Inhibition of MRP2 expression, pertur-
bation of mitochondrial membrane potential, and formation of
reactive oxygen species and inflammatory cytokines were observed
at concentrations bridging the clinical Cmax (10 �M). Interestingly,
hepatic lipid accumulation and stellate cell activation were also
observed at 10 �M. These data suggest that accumulation of a reac-
tive TAK-875AG, cell stress, and an innate immune response are
likely triggers for TAK-875 mediated liver toxicity. In summary,
the Liver-Chip is amenable for microscopic, biochemical, and DILI

https://doi.org/10.1016/j.toxlet.2018.06.689
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biomarker evaluation and can be useful for predicting and mecha-
nistic investigation of DILI.

https://doi.org/10.1016/j.toxlet.2018.06.691
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Safety and efficacy profiling of T-cell bispecific
antibodies using the intestine-chip
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T-cell bispecific antibodies (TCB) are promising new immunother-
apy treatments that are capable of stimulating immune responses
by physically linking cytotoxic T-lymphocytes to a desired target
expressed on a tumor cell surface. The synthetic recognition of a
tumor target by activated immune cells should lead to the destruc-
tion of tumor cells. The safety profile of TCBs can be compromised
by undesired effects in tissues that express the target antigen,
even when expressed at levels lower than in tumor cells. While
conventional cell killing assays constitute a convenient experimen-
tal method to estimate efficacy and off-tumor cytotoxicity, the
absence of tissue-level organization and physiological cytoarchi-
tectures often fails to reflect 1) the in vivo expression level and
subcellular localization of the tumor target, and 2) the accessibility
of the TCB and migrating T-cells to the target protein. Organs-on-
Chips combine micro-engineering together with cultured human
cells to recreate key microphysiological characteristics and func-
tions of living organs; these characteristics include the epithelial,
stromal, and vascular layers, as well as the circulation of periph-
eral immune cells. Doing so provides the capability to investigate
immune activation and the safety and efficacy of immunothera-
pies in mechanistic detail. We used the Intestine-Chip to assess
the off-target effect of a pre-clinically tested TCB targeting a baso-
laterally (BL) expressed tumor antigen that is also expressed on
the healthy intestinal epithelium, and evaluated the predictabil-
ity of TCB responses within the model. First, we confirmed the
specific expression of the target protein on the BL side of the epithe-
lial monolayer within the Instestine-Chip. Second, we observed a
TCB-dependent immune cell recruitment and migration that was
associated with cytokine release and intestinal barrier disruption.
Importantly, the data obtained provided more insights into the
cytotoxicity potential of the TCB compared to data generated in
conventional 2D assays. Overall, the results presented here repre-
sent an important step towards the validation of using Organ-Chips
for preclinical profiling of promising new immunotherapy treat-
ments in human-relevant models.

https://doi.org/10.1016/j.toxlet.2018.06.692
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Inter- and intra-laboratory reproducibility of
the in vitro photo-toxicity test using 3D
reconstructed human epidermis model

H. Kandarova ∗ , A. Liskova, T. Milasova, S. Letasiova
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Assessment of the phototoxicity hazard and phototoxic potency
(i.e. phototoxic risk) of compounds and mixtures is a crucial step
in the safety assessment of cosmetic, pesticide and pharmaceutical
products absorbing UV and visible light. The validated and regula-
tory accepted in vitro assay, the 3T3 NRU PT (OED TG 432), provides
high level of sensitivity, however, it has been reported that it also

generates high rate of false positive results due to the lack of barrier
properties naturally appearing in the human skin or other targeted
tissues.

In vitro reconstituted human skin models are increasingly being
investigated for their usability in hazard identification and safety
testing, because of their organotypic structure with a functional
stratum corneum that allows for assessment of bioavailability
of topically applied compounds and mixtures. An in vitro pho-
totoxicity test using the human reconstructed epidermis model
EpiDermTM (EpiDermTM H3D–PT) has been developed and pre-
validated almost 20 years ago and can be used either as standalone
method for the phototoxicity testing of topically applied materials,
or in combination with the 3T3 NRU PT, to minimise the potentially
false positive results from this assay.

In the current study we internally validated the method with
six reference substances, of which four were known phototox-
ins (chlorpromazine hydrochloride, two types of bergamot oil and
anthracene) and two compounds were UV-absorbing, but with-
out phototoxic potential (cinnamaldehyde, p-aminobenzoic acid).
In the next step the method has been transferred into the second
laboratory and the test was assessed with another set of 12 coded
substances. The reproducibility of the predictions between the two
laboratories was 100% confirming the robustness of the protocol
and the prediction model. Submission of the data for the implemen-
tation of the EpiDermTM H3D–PT into the regulatory framework is
ongoing.

https://doi.org/10.1016/j.toxlet.2018.06.693
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Simultaneous measurement of contractility,
electrophysiology and biomarker secretion to
determine cardiotoxicity in hiPSC derived
cardiomyocytes

A. Fouassier ∗ , S. Braam, D.K. Tessa, V. Marijn, F. Farbod, L. Greg

Ncardia, Leiden, Netherlands

Many novel oncology therapeutics may induce cardiotoxicity by
inhibiting survival pathways which are shared by both tumors
and cardiac cells. Traditional methods to assess cardiotoxicity have
relied upon in vitro overexpressing human cell lines or use in vivo
animal models. These models often lack the complexity of human
cardiomyocytes; whereas animal models may lack predictivity due
to inherent species differences. Therefore, there is a need for the
development of more predictive and specific assays that allow for
multiparametric assessment of potential cardiotoxic side effects of
new drugs in humans.

Using proprietary hiPSC-derived ventricular cardiomyocytes
(Pluricyte

®
Cardiomyocytes) that recapitulate a human myocyte’s

contractile and electrophysiological profile, as well as mature sar-
comere organization, we developed a multiparametric assay to
measure potential cardiotoxic effects in vitro. Here, both acute and
long-term drug effects on contraction, electrophysiology and car-
diac Troponin I release are determined simultaneously from each
well of a 48 well plate.

To assess the effects of anticancer drugs on the physiology of
Pluricyte

®
Cardiomyocytes, the cells were incubated with concen-

tration ranges of Nilotinib, Lapatinib, Doxorubicin and Ponatinib
for up to 64 hours, and analyzed simultaneously using microelec-
trode array (MEA), impedance and cardiac Troponin I (cTnI) release
assays. This resulted in defined cardiotoxicity profiles for each com-
pound. Whereas treatment with Nilotinib and Lapatinib caused a
transient, short term (functional) contractile/electrophysiological
deficit, Doxorubicin exhibited a continuous/long-term toxic effect
in both MEA and impedance measurements. While Lapatinib and

https://doi.org/10.1016/j.toxlet.2018.06.691
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Nilotinib did not cause structural toxicity as measured by cTnI
release; however, Ponatinib and Doxorubicin induced a dose-
dependent increase in cTnI release. The dose-dependent increases
in cTnI release correlated with reduced cell index values obtained
in the impedance assay.

These data suggest that a multiplexed analysis is crucial to inves-
tigate short and long-term cardiac liabilities as it provides a more
comprehensive readout that generates mechanism-specific car-
diotoxicity profiles, leading to better prediction of drug-induced
cardiotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.694
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In vitro cytotoxicity and gene expression
analysis of air-liquid interface model
(MucilairTM) after exposure to PAHs
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The morphology and culture conditions of widely used cell mono-
cultures do not correspond to real conditions in the lungs and
thus a more realistic system is needed. MucilAirTM represents 3D
in vitro model consisting of human basal, goblet and ciliated cells
at an air-liquid interface featuring a fully differentiated respira-
tory epithelium. The aim of our study was to compare the effects of
short and long-term exposure of two representative polycyclic aro-
matic hydrocarbons [benzo[a]pyrene (B[a]P), 3-nitrobenzanthrone
(3-NBA)] using MucilAirTM as a more realistic model of human
lungs. Two concentrations (0.1, 1 �M) were tested at three time
points (24 h, 1 week, 4 weeks). In this study, lactate dehydrogenase
cytotoxicity assay (LDH), transepithelial electrical resistance (TEER)
and gene expression analysis of selected genes involved in PAH
metabolism and protection against oxidative stress was performed.
Our results showed deregulation of antioxidant enzymes (AKR1C2,
ALDH3A1, CAT, SOD1, COX2, HMOX1) after exposure. Downregula-
tion of CAT and SOD1 following 1-week exposure was in agreement
with higher cytotoxicity (LDH leakage) and TEER data. Expression
of CYP1A1 gene did not show any significant changes. In summary,
we observed negative effects of PAHs treatment in the 3D in vitro
model that were mostly limited to long-term exposure. This work
was supported by the grant of the Czech Science Foundation (16-
14631S).

https://doi.org/10.1016/j.toxlet.2018.06.695
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Predicting hepatotoxicity: integration of
transport, metabolism and bile acid regulation

C. Black ∗ , J.P. Jackson, M.K. Palmer, C.L. Moseley, K.R. Brouwer

BioIVT, ADME-Tox, Durham, US

Purpose: Hepatotoxicity from many drugs can involve cholesta-
sis and accumulation of bile acids (BA). The ability to adapt to
these effects can mean the difference between hepatocyte death
and survival. Sandwich-cultured human hepatocytes (SCHH) can
be utilized to evaluate the adaptive response of bile acid trans-
porters stimulated by farnesoid X receptor (FXR) activation under
cholestatic conditions. Integration of the adaptive response and
measurement of direct hepatotoxicity was evaluated using 49 mar-
keted compounds with a range of hepatotoxicity.

Methods: Cryopreserved, Transporter CertifiedTM SCHH were
cultured using QualGroTM Media for 5 days. On Day 4 of culture,
the time course of the adaptive response was determined by deter-
mining the effect of cyclosporine A (CsA) on the biliary excretion,
and intracellular concentration (ICC) of BA (LCMS analysis), in par-
allel with FXR activation (gene expression - TaqMan

®
primer/probe

sets). The effect of FXR antagonists (troglitazone, DY268) on the
FXR mediated activation of basolateral efflux transport were also
evaluated. 49 compounds with varying degrees of BSEP inhibition
and hepatotoxicity (NIH LiverTox database) were evaluated (24 h
exposure) for their potential to cause direct hepatotoxicity, and/or
impact the adaptive response.

Results: CsA decreased the biliary excretion of endogenous bile
acids in a time dependent manner, with a parallel increase in the
ICC of BA, followed by activation of FXR. FXR activation resulted in
a 2X increase in the biliary efflux clearance, and a 6X increase in the
basolateral efflux clearance (adaptive response). Co-administration
of FXR antagonists reduced the FXR mediated response by 50 and
95% for troglitazone and DY268, respectively. Integration of the
effect on the adaptive response in addition to the effect on BSEP
inhibition improved the accuracy for prediction of cholestatic DILI
from 22% (BSEP inhibition alone) to 93%.

Conclusion: In addition to BSEP inhibition, integration of inhi-
bition of basolateral efflux and/or interference with the adaptive
response (FXR antagonism) allows for more accurate prediction of
hepatotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.696
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A realistic mixture of persistent organic
pollutants (POPs) reveals possible synergism to
inhibit the transactivation activities of the rat
aryl hydrocarbon receptor (rAhR) in vitro
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1 Université de Liège (ULiege), Department of Food Science, FARAH,
Liege, Belgium
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Faculty of Veterinary Medicine, Oslo, Norway
4 Norwegian University of Life Sciences, Department of Basic Sciences
and Aquatic Medicine, Section of Biochemistry and Physiology,
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of Biological Sciences, Belfast, UK

While organisms are exposed to mixtures of persistent organic pol-
lutants (POPs), scientific studies usually focus on the toxicity of a
single compound at a time and few have addressed the mixture
effect. This study aims to determine how a realistic mixture of
POPs can affect transactivation of the rat Aryl hydrocarbon Receptor
(rAhR) in vitro. Luciferase reporter Dioxin responsive rat hepatoma
cell lines (DR-H4IIE) were used to screen both rAhR agonistic and
antagonistic activities of 29 compounds: six perfluorinated (PFAA),
seven brominated (Br), and 16 chlorinated (Cl) compounds (seven
polychlorinated biphenyls (PCBs) and nine organochlorine pesti-
cides) listed as POPs under the 2001 Stockholm Convention. Only
five (two Cl and three Br) out of the 29 compounds presented rAhR
agonistic activities while 16 (13 Cl and three Br) were rAhR antag-
onists. No effect was observed for PFAAs.

https://doi.org/10.1016/j.toxlet.2018.06.694
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To test possible interactions between these compounds, a mix-
ture of these 29 POPs and six sub-mixtures (PFAA, Br, Cl, Cl + Br,
Cl + PFAA and Br + PFAA), prepared based on their concentrations
found in Scandinavian human blood with a normal daily intake,
were tested for the same activities. Not surprisingly, POP mixture
also displayed a rAhR antagonistic activity (IC50 = 371 ± 52 times
the blood level) with the lowest effective concentration found
at 125-time blood level. This level could be plausibly reached in
humans after a food contamination incident or in highly exposed
sub-populations. Testing the sub-mixtures showed that the Cl
mixture is responsible for the antagonism of the POP mixture,
contributing to 80% of the POP response. When DR-H4IIE cells
were exposed to the Cl + PFAA mixture, the antagonist level was
the same as the response of the POP mixture. This indicates that
PFAAs are probably non-specific rAhR antagonists as they did not
induce any antagonist response when tested alone. The IC50 of the
Cl mixture calculated from the measured IC50 of all 13 active chlo-
rinated compounds, using an additive model, was about the same
as the measured IC50, 1.9 �M and 2.3 �M, respectively. This sug-
gests that these compounds act additively in the Cl mixture. In
contrast, the calculated and measured IC50 for the total POP mixture
were 21.8 �M and 43.2 �M, respectively, along with non-specific
rAhR antagonism of PFAA mixture, indicating a possible synergistic
effect.

https://doi.org/10.1016/j.toxlet.2018.06.697
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Are epigenetic modifications linked to BPS
obesogen effect after perinatal exposure?
Differential DNA methylation study in mouse
livers
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In 2002, a correlation was established between the environmental
pollution increase and the exponential evolution of the obesity epi-
demic. A few years later, the concept of obesogen was developed.
Most of the known obesogens are endocrine disruptor compounds
(EDCs). EDCs act at low doses and are important factors in the
concept of DOHaD (Developmental Origins of Health and Disease).
Epigenetic processes are important mechanisms in DOHaD con-
cept and contribute to environmental adaptation and evolution.
Epigenetic changes during the critical period of development are
known to be involved in the development of obesity. This is par-
ticularly the case for bisphenol A (BPA), a monomer used mainly
for the manufacture of plastics and resins. In European Union, fol-
lowing restrictions on the use of BPA, bisphenol S (BPS) is often
used as a substitute. BPS, like BPA, is described as an EDC exhibit-
ing estrogenic and anti-androgenic activities. We have previously
demonstrated that perinatal exposure to a low dose of BPS via
the drinking water (1.5 �g/kg body weight/day) had an obesogenic
effect similar to BPA in male mice fed with a high fat diet. These
mice show a liver triglyceride content increase without conse-
quence at systemic level. The aim of our study was to determine
if BPS can induce epigenetic modifications in liver of overweight
male mice. Using an untargeted epigenetic approach by Reduced
Representation Bisulphite Sequencing (RRBS), we observed a global
hypomethylation of DNA liver, which is in correlation with studies
performed with BPA in mouse model. By refining the analysis, we
highlighted that differentially methylated CpGs relative to this obe-
sogenic effect are notably located in promoters of 577 genes and in

exons of 2.150 genes. Analysis of the targeted gene networks shows
a potential impact in genes related to carbohydrate metabolism
(closely linked to the liver lipid metabolism). Further analysis at
mRNA and protein levels will confirm if BPS-induced liver homeo-
stasis disruption is associated with differentially methylated CpGs
in specific genes.

https://doi.org/10.1016/j.toxlet.2018.06.698
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Suggestions for the OECD’s extended
one-generation reproductive toxicity study to
further understand the temporality of
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exposure: example using bisphenol A
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The OECD’s “Conceptual Framework for Testing and Assessment
of Endocrine Disrupters” has served as a guide to indicate which
available test guidelines (TGs) can be considered for evaluating
chemicals for endocrine disruption (ED). However, there are cur-
rently limitations with these TGs that hinder the identification of ED
effects from chemicals. For example, there are concerns that expo-
sures causing hormone insufficiencies or inappropriate hormonal
action during development may cause effects that only become
apparent later in life.

To gain an understanding of the extent to which such effects
might not be detected by the current OECD TGs, a targeted lit-
erature search was undertaken, and a comparative analysis was
conducted between studies following OECD TGs and those with
similar experimental designs but a modified temporal element, e.g.
altered exposure duration or study observation.

One of the more comprehensive TGs for testing ED effects in
mammals is currently the Extended One-Generation Reproduc-
tive Toxicity Study (EOGRTS). The analysis revealed that in the
EOGRTS exposure to bisphenol A (BPA) in mice starting from 2
weeks before mating of F0 parents up to postnatal day (PND) 90 of
F1 offspring resulted in increased anogenital distance in F1 males
at PND 21 and increased uterine weights in F1 females at PND 90.
On the other hand, non-EOGRTS studies have shown that perina-
tal exposure (i.e. a shorter exposure duration than EOGRTS) to BPA
in mice can trigger reproductive effects as well as affect mammary
gland development and metabolism, which are two additional end-
points not directly measured in EOGRTS. Extended observation
beyond EOGRTS revealed mammary tumor growth in mice peri-
natally exposed to BPA at 9 months of age.

In conclusion, exposure to BPA during early-life development (a
critical window of chemical exposure) can induce ED effects. Sug-
gestions for EOGRTS to further understand the temporality of ED
effects from chemicals include extending the observation period of
the exposed animals beyond PND 90 to reveal more severe repro-
ductive effects such as cancer and adding assessments related to
metabolism and mammary gland.

The project was funded by the European Commission, and its
outcomes can be found in the EU Publication KH-01-18-009-EN-
N. This work only reflects the views of the authors and not of the
Commission.

https://doi.org/10.1016/j.toxlet.2018.06.699
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Hexachlorobenzene exposure induces cell
migration and invasion through AhR, COX-2, ER
and c-Src in human endometrial stromal cells
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3 CONICET-Universidad de Buenos Aires, Centro de Estudios
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Endometriosis is characterized by the implantation of ectopic
endometrial tissue outside of the uterine cavity. Is a benign gyne-
cological disease that shares some characteristics with malignancy
like migration and invasion. Although the pathophysiology is
unknown, endometriosis is likely multifactorial involving inter-
play between genetic predisposition and environmental conditions
leading to the pathogenesis. Exposure to endocrine-disrupting
environmental pollutants could play a role in the disease etiology.
Hexachlorobenzene (HCB) is an organochlorine pesticide found
in maternal milk and in lipid foods, that induces toxic reproduc-
tive effects in laboratory animals. Recently, we demonstrated that
HCB enhances cyclooxygenase-2 (COX-2) expression, metallopro-
teinases (MMP) 2 and 9 activation and prostaglandin E2 (PGE2)
secretion in human endometrial stromal cell line T-HESC. Patholog-
ical angiogenesis is the hallmark of endometriosis. Endometriotic
growth is supported by the local hormonal and inflammatory
microenvironment. The present study examined the effect of HCB
in T-HESC on cell migration (scratch motility assay), cell invasion
(transwell invasion assay), and expression of angiogenic factor Vas-
cular Endothelial Growth Factor (VEGF) (Western Blot). Cells were
exposed to HCB (0.005, 0.05, 0.5 and 5 �M) or vehicle for 24, 48
or 72 h. Results showed that the pesticide increases cell migration
(47%; 81%, 77% and 96%, p < 0.001) in a dose response manner and
the invasiveness potential of T-HESC (200% p < 0.05) through Aryl
Hydrocarbon Receptor (AhR), COX-2, c-Src activation and estro-
gen receptor (ER). Moreover HCB (0.005–0.05 �M) induces VEGF
secretion (130–150%, p < 0.05), while VEGF intracellular content
decreases at HCB (0.05–0.5 �M) (40–60%, p < 0.05). Our results
indicate that HCB exposure could contribute to maintenance and
development of endometriosis promoting cell migration, invasion,
and angiogenic factors secretion in human endometrial cells.

https://doi.org/10.1016/j.toxlet.2018.06.700
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Dienestrol is an abortive compound used to treat menopausal
symptoms. It is also a diethylestilbestrol metabolite, which is a stil-
bene derivative with an estrogenic activity comparable to that of
the natural estrogen, estradiol-17�. Dienestrol has also been classi-
fied as an endocrine disruptor altering endocrine system functions
and causing possible harmful effects on the F0 and F1 reproductive
system. Therefore, the aim of this study is to determine whether
dienestrol affects male reproduction through maternal exposure
with its ER-agonistic activity. Female Sprague-Dawley rats (90
days) were treated daily with gavage from gestational day (GD)
6, to ensure embryonic implantation, until postnatal day (PND) 21.
Pregnant rats were divided into 8 groups (n = 5) and the doses given
were: control with vehicle (sunflower oil), 75, 50, 12.5, 6, 3, 1.5
and 0.75 �g/kg bw/day. Results reported that high concentrations
of dienestrol caused abortions in all rats (75 and 50 �g/kg bw/day)
and medium concentrations still caused some miscarriages (60% for
12.5 and 20% for 6 �g/kg bw/day). Lower concentrations allowed a
normal pregnancy and delivery. During postnatal period (PND 1, 4,
7, 14 and 21), pup examinations were conducted to determine if the
reproductive system was affected (anogenital distance (AGD) mea-
surement and nipple retention count). At PND 21, male pups were
anesthetized by intraperitoneal injection. Liver and testis were
removed and weighed and cryptorchidism was assessed. Ten male
rats per dose group were kept alive until PND 90 to ensure sex-
ual maturity. Sexual organs (testis, prostate, seminal vesicle and
epididymis) and liver were removed and weighed. Biochemical
parameters, sperm and spermatid count, sperm motility, viabil-
ity, maturity and morphology were assessed. As expected results,
we expect to find differences in these physiological and spermatic
parameters between the control group and the treated groups.

https://doi.org/10.1016/j.toxlet.2018.06.701
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Parabens are a class of preservatives widely used in cosmetics,
food and pharmaceutical products. There has been growing con-

https://doi.org/10.1016/j.toxlet.2018.06.700
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cern about its estrogenic effects on the reproductive system. The
aim of this study was to determine reproductive abnormalities
through subcutaneous exposure of n-butylparaben (n-ButP) are
due to an oxidative stress. Young male Sprague-Dawley rats were
subcutaneously exposed to n-ButP during one spermatogenic cycle
(57 days). Given doses were 0, 150, 300 and 600 mg/kg bw/day of
n-ButP with a vehicle (peanut oil). Moreover, a non-vehicle con-
trol group was also added to see if there were any effects from
the peanut oil itself. Antioxidant enzymes activities (superoxide
dismutase, catalase, glutathione reductase, and glutathione per-
oxidase) and levels of glutathione peroxided and reduced were
measured in testis. Also, lipid peroxidation (TBARS) was assessed by
a malondialdehyde assay. Gene and protein expression of catalase,
glutathione reductase (GR) and glutathione peroxidase 4 (GPx-
4) were also determined. Furthermore, a physiologically-based
pharmacokinetic (PBPK) model was designed to assess internal
dosimetry of n-ButP concentration in testis. Results show catalase,
glutathione reductase and glutathione peroxidase alterations but
no differences in reduced and oxidized glutathione were observed.
Higher concentrations of n-ButP showed an increased level of
TBARS. As expected results, we expect to find some differences in
protein and gene expression of these enzymes which will allow us
to relate the sperm and histological abnormalities with oxidative
stress.

https://doi.org/10.1016/j.toxlet.2018.06.702
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Baikal seals (Pusa sibirica) accumulate high levels of environmen-
tal pollutants such as persistent organic pollutants (POPs). It is
known that some of environmental pollutants elicit estrogen-like
responses. However, no information is available for the effect of
environmental pollutants on the estrogen receptor (ER) signaling
pathway in aquatic mammals. There are still unanswered ques-
tions about the structural preference of environmental pollutants
by ER and the molecular mechanism of ER activation. To predict the
transactivation potency of environmental pollutants via Baikal seal
ERs (bsER� and bsER�), we measured the potencies of 26 bisphe-
nol analogs (BPs), 17 hydroxylated PCB congeners (OH-PCBs), and
17�-estradiol (E2) by using the in vitro reporter gene assay system
where bsERs were transiently expressed in COS-1 cells. Further-
more, the interaction energies of these compounds with bsERs were
estimated by in silico ligand docking analyses. Screening results
of BPs and OH-PCBs showed that most of the compounds trans-
activated bsERs. The in vitro and in silico analyses of bisphenol F
analogs (4,4′-BPF, 2,4′-BPF, and 2,2′-BPF) and OH-CB30 congeners
(4′OH-CB30, 3′OH-CB30, and 2′OH-CB30) showed that compounds
with OH group at the para-position of phenyl rings were the most
potent, followed by compounds with OH substitution at the meta-
or ortho-position. In silico analyses demonstrated the interaction
of OH group at the para position of 4,4′-BPF with M421 of bsER�,
and of 4′OH-CB30 with E353. The EC50 values for tested chemicals
showed a tendency to increase with an increase in the potential

ligand-ER interaction energy, demonstrating a significant relation-
ship between ligand-dependent ER transactivation and ligand-ER
binding affinity. Using this regression curve, we calculated EC50
values of OH-PCBs which are accumulated in wild Baikal seals.
Comparison of EC50 values of E2 for bsER-mediated responses and
total E2-IEQs (E2 induction equivalents) of OH-PCBs accumulated
in wild Baikal seals suggested low potential of OH-PCB congeners
to induce estrogen-like responses in this species. This study sug-
gests that the in vitro ligand-dependent bsER� transactivation
potency can be predicted by in silico ligand-bsER� interaction
analysis.

https://doi.org/10.1016/j.toxlet.2018.06.703
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Identification of endocrine active substances in
medical devices within testing strategy
according to ISO 10993-1
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The new regulation (EU) 2017/745 on medical devices was pub-
lished on 5th April 2017 and will finally enter into force in 2022. The
regulation sets high standards with regard to quality and safety of
medical devices. Substances of high concern including endocrine
disrupting substances shall not be part of the medical device (e.g.
implants) at concentrations above 0.1% w/w. Otherwise a scien-
tific justification including the potential patient exposure has to be
provided. The proceeding of the identification of such substances is
still under discussion for medical devices but also for other products
within our daily life.

The evaluation of the biological tolerance of a medical device
is a risk based approach and is evaluated according to ISO
10993 series. The biocompatibility is evaluated including mate-
rial, chemical and physical characterization. In accordance with ISO
10993-1 the relevant biological endpoints are considered based
on tissue contact and duration of contact. Endocrine disrupting
properties are not part of this evaluation program. The ques-
tion how to evaluate the potential risk for endocrine disruption
is not yet considered in the biological evaluation of a medical
device.

Based on the WHO classification an endocrine disrupting sub-
stance is a substance that interferes with the endocrine system
causing significant adverse effects in humans and animals. There
are some special properties of endocrine disrupting substances that
cannot be evaluated within the scope of standard systemic toxicity
tests including developmental specific effects and non-linear effect
dose relationship. There are two possibilities for the identification
of endocrine disrupting substances within the biological evaluation
of a medical device: Chemical and toxicological characterization
and biological tests.

The standard biological tests usually conducted for biocom-
patibility evaluation are not appropriate for the identification of
endocrine disrupting properties. Therefore, the chemical char-
acterization followed by toxicological evaluation of leachable
compounds is the most promising step for the evaluation of
endocrine disruption.

The presentation should give a short overview on the evaluation
strategy for potential endocrine disrupting compounds identified

https://doi.org/10.1016/j.toxlet.2018.06.702
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as component of a medical device especially for leachable com-
pounds.

https://doi.org/10.1016/j.toxlet.2018.06.705
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Parabens are ubiquitously used class of synthetic preservatives
which are esters of p-hydroxybenzoic acid (p-HBA); which are
used as antimicrobial preservatives in cosmetics, pharmaceuticals,
and food products. These are used singly or in combination to
exert an antimicrobial effect. However, exposure to parabens has
been report to affect male as well female reproductive functioning
through estrogenic and/or anti-androgenic pathway, hence there
is an emerging need to delineate its plausible role as an endocrine
disruptor during perinatal period. The F0 dams were given subcuta-
neous injections of n-butyl paraben from gestation day 6 (GD 6) to
postnatal day (PND) 21 with doses of 10, 100, and 1000 mg/kg Bw
in corn oil. The F1 female rats were sub-fertile with increased pre-
and post-implantation embryo loss and a concomitant decrease
in litter size at PND 75. We observed impaired folliculogenesis
with perturbed steroidogenesis at maturity might be the reason
for compromised fertility of these F1 female rats. Altered expres-
sion of steroid responsive genes resulting in an inadequate number
of ovarian follicles and regression of myometrium in the uterus
affected the fertility and overall reproductive success. This study
signifies an anti-estrogenic effect of n-butyl paraben on ovarian
steroidogenesis and folliculogenesis.

Even though there is an emerging awareness of parabens with
respects to its potential role as an endocrine disruptor, still there are
many unanswered questions of research which demands substan-
tial scientific evidences for foundation of ‘Paraben free’ scenario.
This study is a step towards understanding whether the use of prod-
ucts containing parabens can be considered safe during pregnancy.

https://doi.org/10.1016/j.toxlet.2018.06.706
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Antiandrogenic effects of gibberellins in the
recombinant yeast androgen bioassay
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Gibberellins (GAs) are naturally occurring tetracyclic diterpenoid
phytohormones of higher plants, as well as secondary metabolites
of filamentous fungi (Gibberella fujikuroi). Gibberellic acid (GA3)
and gibberellin A4 (GA4) are the most active 3�-hydroxylated
C19 GAs and thus are used in commercial formulations for plant
growth regulation. These applications may potentially increase nat-
ural background levels of GAs in the environment as well as in food
of plant origin.

The aim of our study was to examine the influence of GA3 and
GA4 on the human androgen receptor (hAR) signaling with the use
of the recombinant yeast bioreporter assay (Bovee et al., 2008).
The compounds were dosed at 9 concentrations ranging from
1 nM to 300 �M alone or in binary mixtures with 17�-testosterone
(17�T 100 nM and 5 �M). Each bioassay was performed two

times, for each concentration 6 replicates were applied. Before
and after the exposure, absorbance (� = 620 nm) and fluorescence
(�ex/em = 485/520 nm) were measured. The cytotoxicity, andro-
genic and antiandrogenic activity of the compounds were assessed.

None of the chemicals at used concentrations were cytotoxic
for the yeast cells. GA3 did not show any androgenic activity in
the yeast androgen bioassay, whereas GA4 showed a very weak
androgenic activity (EC50 = 152.3 mM, RTA < 10%). Moreover, GA4
revealed partial, dose-dependent antiandrogenic response in the
presence of 50 and 100 nM of 17�T with the strongest inhibitory
effect of 15.39% at the highest concentration. Although GA3 did
not show antiandrogenic activity in the presence of 50 nM 17�T,
it diminished the bioassay response by 22.93%.in the presence of
100 nM of 17�T.

Our study reveals that GA3 and GA4 possess the possible antian-
drogenic activity. Further research is warranted to fill current gaps
in knowledge, regarding hormonal activity of gibberellins.
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DEHP and BPA, the main components of plastic products, are the
important endocrine-disrupting chemicals which can mimic or dis-
rupt the actions of estrogen by inhibiting normal functions of the
body. Because of this widespread usage of DEHP and BPA, not only
alone exposure but also combined exposure is considered as an
important issue. Nowadays, researches are increased related to the
effects on neurological functions instead of endocrine disrupting
effects. This study aims to investigate combined exposure of DEHP
and BPA and the possible effect of carnosic acid as an antioxidant.

In this study, C-57BL/6 mice aged 16 weeks (25–35 g body
weight) were randomly divided into 15 groups (6 mice/group) as
only BPA and DEHP (16, 5, 1.6 mg/kg), 20 mg/kg CA, BPA + DEHP and
BPA + DEHP + 20 mg/kg CA (16, 5, 1.6 mg/kg). Chemical exposure
was applied for 28 days by oral gavage. Level of malondialdehyde
(MDA), glutathione peroxidase (GSH-Px), catalase (CAT) and super-
oxide dismutase (SOD) activities in cortex were analyzed.

The SOD activity of all dosage of BPA + DEHP and
BPA + DEHP + 20CA significantly decreased as compared to control,
vehicle, 16 DEHP and 5 DEHP (except 5 BPA + DEHP + 20CA). Not
only the activity significantly decreased in 20 CA, 1.6 BPA + DEHP
and all of BPA + DEHP + 20CA dosages as compare to 16 BPA but
also seen in 20 CA, 16 and 5 BPA + DEHP according to 5BPA. While
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significantly decreased CAT activity was seen in the combined
usage of 16 and 1.6 BPA + DEHP + 20CA versus 16 DEHP and
20CA; combined usage of 16 and 5 BPA + DEHP caused significant
increment in the activity. Moreover, insignificant decrease was
observed in all dosage of BPA, 5 and 1.6 DEHP. In MDA levels,
combined of BPA + DEHP caused significant decrease according to
vehicle. And also, no significant changes were observed in GSH-Px
activity levels of BPA + DEHP + 20CA and BPA + DEHP groups.

BPA and DEHP did not have an adverse effect on SOD and GSH
activity when used alone; their combined use led to prominently
decrease in SOD activity. This decrease in SOD enzyme may be
due to increased oxidative stress or radical scavenging activity of
CA. Although a significant decrease in CAT activity was observed
when BPA and DEHP were used alone, insignificant decreased CAT
activity seen with combined usage of BPA + DEHP + 20 CA. That
is, formed hydrogen peroxide was removed from the medium by
CAT instead of GSH-Px. In our study, we found that BPA + DEHP or
BPA + DEHP + 20 CA may show its toxicity by increasing hydrogen
peroxide.

https://doi.org/10.1016/j.toxlet.2018.06.708
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Bisphenol A (BPA) and Di-(2-ethylhexyl) phthalate (DEHP) are two
wide spread chemicals classified as endocrine disruptors (ED) and
categorized as chemicals of concern by the World Health Organiza-
tion. Several studies have shown that the major human exposure
to BPA and DEHP is the dietary source. However, some recent
studies affirm that non-dietary sources (dermal, non-dietary inges-
tion and inhalation) may have major contribution in aggregate
exposure and internal dosimetry. The aim of this study was to
estimate the prenatal exposure to BPA and DEHP through dietary
and non-dietary pregnant women’s exposure. To estimate pre-
natal exposure, a physiologically based pharmacokinetic (PBPK)
model was adapted for pregnancy to assess the internal dosime-
try levels of these EDs in the fetus. Estimates of exposure from
all pathways along with their relative importance were provided
in order to establish which proportion of the total exposure came
from diet and which from non-diet. Total non-dietary mean val-
ues were 0.002 �g/kgbw/day (0.000; 0.004 �g/kgbw/day for 5th

and 95th percentile, respectively) for BPA and 0.597 �g/kgbw/day
(0.116 �g/kgbw/day and 1.506 �g/kgbw/day for 5th and 95th per-
centile, respectively) for DEHP. Indoor environments and especially
dust ingestion were the main non-dietary contributors to the total
exposure of BPA and DEHP with 60% and 81%. However, as expected,
diet showed the higher contribution to total exposure with >99.9%
for BPA and 63% for DEHP. Although diet was considered the
primary source of exposure to BPA and phthalates, non-dietary
sources need to be more thoroughly evaluated because with these
sources the first-pass metabolism is lacking, so these may be of
equal or even higher toxicological relevance than dietary sources.

https://doi.org/10.1016/j.toxlet.2018.06.709
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The aim of this study was to obtain mechanistic insight into how
co-exposure to phthalates and metals causes neurodevelopmen-
tal perturbations based on in vitro assays. The HepaRG cell line, a
validated model for xenobiotic metabolism, was used as in vitro
model. HepaRG cells were exposed to mixtures of DEHP, DiNP, and
BBzP phthalates, methylmercury and total mercury. These were
the most abundant pollutants in the REPRO PL and PHIME cohorts
that studied the environmental causation of neurodevelopmental
disorders in neonates and children across Europe. The effective
concentrations of the chemicals in vitro were estimated through
extrapolation from human biomonitoring data through internal
dosimetry modeling using the INTEGRA computational platform.
Multi-omics analyses were performed on the treated cell mod-
els including transcriptomics, proteomics, and metabolomics. The
multi-omics data were analysed using bioinformatics algorithms
involving normalization, quality control, advanced statistics, and
multi-omics pathway analysis with GeneSpring GX V.14.9.

Integrated pathway-level analysis of transcriptomics and pro-
teomics data revealed that co-exposure to phthalates and heavy
metals leads to the perturbation of the urea cycle due to
alterations in the expression levels of arginase-1 and -2, argini-
nosuccinate synthase, carbamoyl-phosphate synthase, ornithine
carbamoyltransferase, and argininosuccinate lyase. Co-mapping
of proteomics and metabolomics data revealed that their com-
mon drivers are responsible for the homeostasis of metabolic
pathways related to choline, phosphatidylcholine, phospholipases
and triacylglycerol metabolism. The identification of the urea,
phosphatidylcholine biosynthesis I and phospholipases metabolic
pathways is of particular interest since these pathways have been
also identified in human samples from the REPRO PL and PHIME
cohorts using untargeted metabolomics analysis and have been
associated with impaired psychomotor development in children
at the age of three to six. Our work reveals that co-exposure to
plasticizers and metals disturb biochemical processes related to
mitochondrial respiration during critical developmental stages that
are clinically linked to neurodevelopmental perturbations.

https://doi.org/10.1016/j.toxlet.2018.06.710
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The predictivity of human nephrotoxicity by animal tests is low
owing to the interspecies differences in active transporters and
metabolizing enzymes. Thus the need for alternative, human-
relevant in vitro nephrotoxicity assays is pressing. Within the
Innosytox RISK-IT project, we have developed adverse outcome
pathways (AOPs) for nephrotoxicity via lysosomal overload and
mitochondrial DNA-interaction by exposing human RPTEC/TERT1
and rat NRK-5E cells to, amongst others, polymyxin B and teno-
fovir. A selection of in vitro biomarkers has been measured over
time using high-content imaging, qPCR and metabolomics. For
chemical potency, cell type and assay sensitivity ranking, as well
as the quantification of AOPs, changes in in vitro biomarkers
over time were compared to nominal and analytically measured
medium as well as cell-associated concentrations of test chemical
over time. Our results indicated that expressing effect concentra-
tions as time-weighted, cell-associated concentrations reduced the
variation in effect concentrations between cell types, assays and
chemicals. We subsequently constructed a physiologically based
kinetic (PBK) model explicitly modelling proximal tubule concen-
trations of the nephrotoxicants in rats and humans. We tested
the different no-observed effect concentrations (NOEC) from the
suite of in vitro bioassays to estimate rat and human equiva-
lent doses in a quantitative in vitro in vivo extrapolation (QIVIVE)
exercise.

https://doi.org/10.1016/j.toxlet.2018.06.711
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Objective: The mining activity has accounted for more than 50%
of the Mongolia industry. Mining related disease are increasing
annually. Mining sector health problems pose important issues for
Mongolia. We conduct health and exposure assessment of resi-
dents living near Umnugobi mining areas in Mongolia to WHO’s
recommendation.

Methods: Environmental samples were collected in all 3 soum.
In total: 27 water and soil samples from different sides were
collected in accordance with standard method from 3 soums of
Umnugobi aimag. A total of 118 children at 4th&5thgrade and
124 adults in 3 soums of Umnu gobi aimag were participated. We

performed a questionaire survey and measured the level of lead,
cadmium, copper, mercury, arsenic in blood and urinary arsenic,
mercury in hair from all subjects.

Results: The geometric mean concentrations of blood lead
in 3 soums adults(Bayandalai, Tsogttsetsii, Khanbogd) were
5.05 ug/dl, 4.78 ug/dl and 4.56 ug/dl, respectively. The geometric
mean concentrations of blood lead in 3soums children(Bayandalai,
Tsogttsetsii, Khanbogd) were 7.42 ug/dl, 5.13 ug/dl and 4.78 ug/dl,
respectively. But, the level of As, Cu, Cd, and Hg in 3soums adults and
children showed relatively low level compared to the international
criteria.

Conclusion: Biomonitoring result shows that blood lead level
significantly in all soums. It is considered that there is a need for
such survey in other Mongolia mining areas.

https://doi.org/10.1016/j.toxlet.2018.06.712
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Phthalates are known endocrine disruptors to which we are
exposed daily since they are present in many consumer products.
While experimental studies have demonstrated the harmful effects
of phthalates, real life exposure during pregnancy and its impli-
cations for a developing child are less well studied. We assessed
the prenatal exposure to 11 phthalate metabolites in a Belgian
birth cohort (3xG, N = 300, sample collection 2011–2015). Second
trimester pregnancy spot-urine levels were measured using Ultra
Performance Liquid Chromatography (UPLC) coupled to Water
Xevo TQ-S tandem mass spectrometer. We measured 4 metabolites
of di-2-ethylhexyl phthalate (DEHP): mono-ethylhexylphthalate
(MEHP), mono-(2-ethyl-5-hydroxyhexyl)phthalate (5OH-
MEHP), mono-(2-ethyl-5-oxohexyl)phthalate (5oxo-MEHP),
mono-(2-ethyl-5-carboxypentyl)phthalate (5cx-MEPP); two
metabolites of Diisononyl cyclohexane-1,2-dicarboxylate (DINCH):
Cyclohexane-1,2-dicarboxylate-mono-(7-hydroxy-4-methyl)octyl
ester (OH-MINCH), Cyclohexane-1,2-dicarboxylate-mono(oxo-
isononyl) ester (oxo-MINCH); and mono-n-butyl phthalate
(MnBP), mono-benzyl phthalate (MBzP), mono-isobutyl phthalate
(MiBP), mono-methyl phthalate (MMP). Especially OH-MINCH,
oxo-MINCH and MMP have not been frequently studied before.
The median (25th, 75th percentile) concentrations for the urinary
metabolites corrected for urine dilution with creatinine (�g/g
crt) were: MEHP 2.54 (1.5, 4.43), 5OH-MEHP 8.18 (5.45, 12.41),
5oxo-MEHP 6.03 (4, 9.05), MnBP 28.57 (20.22, 42.05), MBzP 6
(3.26, 10.95), MiBP 44.12 (28.46, 71.31), MMP 3.54 (1.96, 6.05),
5cx-MEPP 4.27 (3.01, 5.74), OH-MINCH 0.35 (0.22, 0.73) and
oxo-MINCH 0.32 (0.19, 0.65). The proportion of samples above
the LOQ was at least 88%. In comparison to the concentrations
observed in the Polish cohort REPRO PL which started in 2007
(urine spot samples in week 30–34 of pregnancy), the values
observed in 3xG are higher for all phthalate metabolites. Com-
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pared to the INMA birth cohort set up in Sabadell (Catalonia, Spain,
2004–2008, mean concentration spot urine samples of 1st and 3d
trimester) the observed concentrations are lower for all metabo-
lites except for MiBP. In both cohorts DINCH and DMP were not
measured. We are now further exploring the immune effects and
the association with allergies of these compounds as well as the
variables that might be related to phthalate exposure in pregnant
women.

3xG is funded by NIRAS and the local partnerships MONA and
STORA.

https://doi.org/10.1016/j.toxlet.2018.06.713
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Introduction: The possible associations between prenatal expo-
sure to endocrine disrupting chemicals and developmental effects
in fetus triggered the investigation for the presence of seven phtha-
late metabolites (PMs) (MEP, MEHP, MEHHP, MEOHP, MiBP, MnBP,
MBzP) and three bisphenols (BPA, BPF and BPS) in amniotic fluid.

Methods: A total of 100 amniotic fluids were collected from
pregnant women during 2016–2017. Enzymatic hydrolysis was
carried out (10 �L E. coli, phosphate buffer 250 �L, pH 6.8) in 1 ml of
amniotic fluid and incubated at 37 ◦C for 90 min. Samples were acid-
ified and extracted three times with 2 ml ethyl acetate for 20 min.
Organic extracts were combined, evaporated to dryness and recon-
stituted in 100 �L methanol prior to instrumental analysis with
LC-MS.

Results & Discussion: Recoveries for PMs ranged from 79.5%
(MnBP) to 116.1% (MiBP) and for bisphenols from 92.0% (BPA)
to 93.4% (BPF). LODs for PMs ranged from 0.016 (MEHHP) to
0.853 (MEP) ng/ml and for bisphenols from 0.013 (BPS) to
0.075 (BPA) ng/ml. The 4% of the samples were positive for BPF
(median: 1.0 ng/ml, range: 0.4–3.7 ng/ml), 17% for BPA (1.7 ng/ml,
1.2–5.8 ng/ml), 22% for MEHP (2.3 ng/ml, 1.4–7.0 ng/ml) and 5%
for MnBP (10.7 ng/ml, 2.4–24.5 ng/ml). Positive samples for MBzP,
MiBP and MEOHP were below 3% and MEP, MEHHP and BPS
were not detected in any sample. Despite their low detection fre-
quencies, high levels were detected for MiBP, MBzP and MnBP
(102.9, 20.2, 24.5 ng/ml) The 25% of the samples were detected
with one PM and 4% with two. Only 3 samples were burdened
with both bisphenols and PMs indicating their different sources of
exposure.

Conclusion: BPA was the mostly detected bisphenol as it is
most commonly used in consumer products. DEHP is a ubiquitous
phthalate and its primary metabolite (MEHP) was the most abun-
dant, although its oxidative metabolites (MEHHP, MEOHP) were
not detectable. Placenta tissue is a barrier for endocrine disrup-

tors, although not totally effective because some compounds are
transferred from mother and reach the fetus.

https://doi.org/10.1016/j.toxlet.2018.06.714
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In 2016, we determined urinary arsenic (As) in children aged
3-5 years from two areas of the Zagorje upon Sava municipal-
ity (central Slovenia) in order to assess an association between
soil contamination related to previous antimony (Sb) mining and
exposure to inorganic As (IAs). The national Medical Ethics Com-
mittee approved the study. We recruited the participants by on
site presentations and personal letters, adverts in the media and
social websites. Following the parental informed consent, we
obtained detailed health, environmental and dietary history. The
concentrations of total As, its species (arsenite-AsIII, arsenate-AsV)
and metabolites (monomethylarsonic acid-MMA and dimethy-
larsinic acid-DMA) were determined using inductively coupled
plasma mass spectrometry, and coupled high-performance liquid
chromatography-hydride generation-atomic fluorescence spec-
trometry, respectively. Levels of quantification for total As were
0.3 �g/L; for AsIII and MMA 0.9 �g/L; for AsV and DMA 1.5 �g/L.
Levels of detection for total As were 0.1 �g/L; for AsIII and MMA
0.3 �g/L; for AsV and DMA 0.5 �g/L. Urinary creatinine was deter-
mined by the Jaffe’s reaction; the acceptable concentrations were
between 0.3 and 3.0 g/L. The results were judged as statistically
significant at p ≤ 0.05. In total 72 children of both genders were
enrolled. In spring, 45 first morning urine spot samples were
obtained, in autumn 69. Due to over-dilution, insufficient volume
or seafood consumption within 72 h prior to sampling, 20 urine
samples were excluded from statistical analyses. In spring, total
urinary As concentrations (TUAsC) were 4.1 (50th percentile–P50)
and 8.4 �g/L (75th percentile–P75) in the eastern and northern (EN)
area with history of Sb mining, and 6.5 (P50) and 7.9 (P75) �g/L in
the western and southern (WS) area with no history of Sb mining. In
autumn, TUAsC were 3.7 (P50), 4.9 (P75) and 19.6 (95th percentile-
P95) �g/L in the EN, and 4.1 (P50), 5.3 (P75) and 11.3 (P95) �g/L in
the WS. In spring, inorganic urinary As concentrations (IUAsC =

∑

AsIII + AsV + MMA + DMA) were 3.6 (P50) and 4.4 (P75) �g/L in the
EN; 3.1 (P50) and 3.9 �g/L (P75) in the WS. In autumn, IUAsC were
3.4 (P50), 4.7 (P75) and 8.9 (P95) �g/L in EN, and 3.7 (P50), 4.5
(P75) and 7.7 (P95) �g/L in WS. The exposure to IAs did not differ
significantly geographically or seasonally. We concluded that soil
contamination with As due to past Sb mining was not associated
with increased IAs exposure in children.

https://doi.org/10.1016/j.toxlet.2018.06.715
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Purpose: There is an increasing concern regarding the contami-
nation of phthalates in food. Among phthalates, di-(2-ethylhexyl)
phthalate (DEHP) is one of the most commonly used plasticiz-
ers. There are growing evidences indicating that DEHP might be
released from food packaging and other plastic products, thereby
posing a potential health risk and food safety. Herein, this study
investigated whether chronic exposure to DEHP at low concentra-
tion affects aging in the model organism Caenorhabditis elegans.

Methods: Wild-type N2 C. elegans at L1 larvae were exposed to
a low concentration of DEHP (1.5 mg/L) to adult at 20 ◦C, followed
by examining aging indicators including lifespan, locomotion (head
threshes), pharyngeal pumping rate, and defecation cycle.

Results: The results showed that chronic exposure to DEHP
significantly decreased the lifespan of C.elegans (DEHP-treated vs.
control, p < 0.001). In addition, DEHP exposure caused a more sig-
nificant decline in head threshes with aging than the untreated
control worms at day-0, -4, and -8 adulthood. Moreover, chronic
exposure to DEHP accelerated the decrease of pharyngeal pumping
rate by 13% and 10% comparing with the control ones at day-4 and
day-8 adulthood, respectively. Finally, chronic exposure to DEHP
significantly extended the defecation cycles of C. elegans (65.4 and
83.0 s) comparing with the untreated control ones (59.2 and 76.1 s)
at day-4 and day-8 adulthood, respectively.

Conclusions: Results from this study indicated that chronic
exposure to low concentration of DEHP (1.5 mg/L) adversely affects
aging indicators which might potentially accelerate aging process.
This study implies that chronic exposure to a low concentration of
DEHP cause a higher risk of premature aging.

https://doi.org/10.1016/j.toxlet.2018.06.716
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Relatively few studies are available on realistic cumulative risk
assessments for dietary pesticide exposure. Despite available stud-
ies showing low risk, public concern remains. A method to estimate
realistic residue levels based on information from spraying journals
and supervised residue trials was described in a previous publica-
tion.

The present article proposes a new method to estimate average
residue levels in imported foods based on residue monitoring data
and knowledge about agronomic practices. The two methods were
used in combination to estimate average pesticide residue levels
in 47 commodities on the Danish market. The chronic consumer
exposure was estimated in six Danish diets. The Hazard Index (HI)

method was used to assess consumer risk. Despite the conser-
vative (cautious) risk assessment approach, low HI values where
obtained. The HI was 16% for adults and 44% for children, combining
the risk of all pesticides in the diet. Conclusion: the present study
adds support to the evidence showing that adverse health effects
of chronic pesticide residue exposure in the Danish population are
very unlikely. The hazard index for pesticides was lower than that of
commonly occuring mycotoxins, and substantially lower than haz-
ard quotients for caffeine and alcohol. Hazard Quotients for caffeine
and alcohol were calculated based on average Danish consump-
tion data, and with endpoints and safety factors similar to what is
normally used for pesticides and mycotoxins.

https://doi.org/10.1016/j.toxlet.2018.06.717
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Relatively few studies are available on realistic cumulative risk
assessments for dietary pesticide exposure. Despite available stud-
ies showing low risk, public concern remains. A method to estimate
realistic residue levels based on information from spraying journals
and supervised residue trials was described in a previous publica-
tion.

The present article proposes a new method to estimate average
residue levels in imported foods based on residue monitoring data
and knowledge about agronomic practices. The two methods were
used in combination to estimate average pesticide residue levels
in 47 commodities on the Danish market. The chronic consumer
exposure was estimated in six Danish diets. The Hazard Index (HI)
method was used to assess consumer risk. Despite the conservative
(cautious) risk assessment approach, low HI values where obtained.
The HI was

16% for adults and 44% for children, combining the risk of all pes-
ticides in the diet. Conclusion: the present study adds support to the
evidence showing that adverse health effects of chronic pesticide
residue exposure in the Danish population are very unlikely. The
hazard index for pesticides was lower than that of commonly occur-
ing mycotoxins, and substantially lower than hazard quotients for
caffeine and alcohol. Hazard Quotients for caffeine and alcohol were
calculated based on average Danish consumption data, and with
endpoints and safety factors similar to what is normally used for
pesticides and mycotoxins.

https://doi.org/10.1016/j.toxlet.2018.06.718

P10-03
Investigation of pyrrolizidine alkaloids –
cytotoxicity tests using primary rat hepatocytes
and HepG2 cells: Role of cytochrome P450 3A

L. Gao ∗ , L. Rutz, K.-H. Merz, D. Schrenk

University of Kaiserslautern, Food Chemistry and Toxicology,
Kaiserslautern, Germany

Background: Pyrrolizidine alkaloids (PAs) are secondary metabo-
lites occurring in a wide range of plant species. Some 1,2-

https://doi.org/10.1016/j.toxlet.2018.06.716
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unsaturated PAs exert toxic effects through metabolic activation
which form the corresponding dehydropyrrolizidine deriva-
tives, primarily in the liver, catalyzed by cytochrome P450
monooxygenases. Due to their hepatotoxicity, genotoxicity and
carcinogenicity, the presence of PAs as contaminants in food and
feed, depending on the dose, has become a relevant safety issue.

Objectives: In order to assess potential risks and confirm the
connection between structure and in vitro toxicity, we generate
data firstly concerning cytotoxicity of some food-relevant PAs. In
addition, we also wanted to test in vitro the role CYP3A plays in
metabolic activation of PA-induced cytotoxicity.

Methods: After 24 h and 48 h exposure, cytotoxicity of the
selected PAs was determined at concentrations ranging from 1
to 300 �M by the Alamar blue assay in primary rat hepatocytes
and in the human HepG2 cell line. A kinetic assay analyzing
7-benzyloxyresorufin-O-dealkylation (BROD) was used for mea-
suring the activity of CYP3A enzymes.

Results: A structure dependent cytotoxicity was demonstrated
with rat hepatocytes in primary culture. Lasiocarpine, an open-
chained di-ester with 7S-structure, proved to be the most cytotoxic
followed by the other di-esters echimidine, retrorsine, seneci-
phylline and senecionine. The mono-esters heliotrine, indicine,
europine and lycopsamine were much less cytotoxic. On the con-
trary, failure to detect cytotoxicity in HepG2 cells is possibly due to
the lack of CYP3As. In primary rat hepatocytes, the CYP3A activity
decreased rapidly during the culture, therefore, the time to incuba-
tion significantly affects the cytotoxicity. These data confirm that
CYP3A plays a critical role in PA-induced hepatotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.719

P10-05
Hierarchical Bayesian exposure assessment of
dietary polycyclic aromatic hydrocarbons in 3–6
year old Finns

T.M. Hirvonen 1,∗ , M. Hokkanen 1, P. Pasonen 1, L. Uusitalo 2,
M. Erkkola 2, L. Korkalo 2, P. Tuominen 1, A. Mikkelä 1

1 Finnish Food Safety Authority Evira, Risk Assessment Unit, Helsinki,
Finland
2 University of Helsinki, Department of Food and Environmental
Sciences, Helsinki, Finland

Polycyclic aromatic hydrocarbons (PAHs) are genotoxic carcino-
gens. Concentrations of PAH compounds (Benzo[a]pyrene (B[a]P),
chrysene, benz[a]anthracene, benzo[b]fluoranthene), and their
sum (PAH4) were determined in bread, ready-to-eat breakfast cere-
als, fats and oils, and traditionally smoked meat and fish using a gas
chromatography-tandem mass spectrometry (GC-MS/MS) method.
PAH concentrations from literature were also used in food con-
centration estimation. Hierarchical Bayesian approach was used to
estimate PAH concentrations in foods. Consumption of different
food products was modeled using a 1–5 days dietary recall of 815
children. Daily consumption was modeled using log-normal distri-
bution, and the consumption frequency using a binomial model
to take into account the variation between different individu-
als in consumption. Finally, the chronic intake (B[a]P and PAH4)
resulting from consumption of each food product was obtained
as a combination of the mean concentration and long-term con-
sumption. The resulting posterior distribution of Bayesian model
describes the variation and uncertainty in the chronic intake and
other quantities of interest. BMDL10 of 0.07 mg/kg bw./day for
B[a]P and 0.34 mg/kg bw./day for the PAH4 were used for risk
characterization1. Margin of exposure (MOE) was calculated by
dividing BMDL10 by exposure. Total mean exposure of B[a]P was
0.83 ng/kg bw./day and for PAH4 5.4 ng/kg bw./day. Major propor-

tions of exposures for B[a]P were bread (25%), sausage (21%), and
fats and oils (20%) and for PAH4 bread (27%), sausage (25%), and
fats and oils (17%). 97.5th percentile of total exposure for B[a]P was
1.5 ng/kg bw./day and for PAH4 9.7 ng/kg bw./day, respective MOEs
being 47 000 and 35 000. In conclusion, dietary PAH exposure in 3-6
year old Finns was at acceptable level.

https://doi.org/10.1016/j.toxlet.2018.06.720

P10-06
Safety evaluation of plants collected from the
wild served as food in Danish restaurants

M.M. Egebjerg ∗ , P.T. Olesen, F.D. Eriksen, G. Ravn-Haren,
L. Bredsdorff, K. Pilegaard

Technical University of Denmark, National Food Institute, Kgs
Lyngby, Denmark

Within the last decade the New Nordic Cuisine has received much
media coverage. The restaurants have focused on increased use of
locally grown plant food, including wild plants collected from the
countryside. In addition, many cookbooks and guided nature walks
have assisted interested consumers in the search for wild plants
for culinary purposes. As part of a control campaign running from
May–October 2016, the Danish food authorities investigated the
use of plants picked from the wild, cultivated in private gardens
or market gardens in restaurants and local food producers. Here
we present examples of safety evaluations of some of the 50 plant
species identified from this campaign based on published phyto-
chemical investigations and toxicological data in humans. In the
period from February to October, 2017, searches were performed in
databases on bibliographic information using the preferred scien-
tific name, and if relevant also synonyms. The full scientific papers
were obtained if abstracts described ethnobotanical studies on food
use in European countries prior to 15 May 1997 (the date the first
novel food regulation came into force), constituents (especially
if toxicological relevant), experimental laboratory animal studies
on the toxicological effects of the plants, or cases of intoxications
in humans or animals exposed to the individual plants. For the
majority of the plants no or very limited phytochemical and safety
information were available. Additionally, we found that of the 50
plants reviewed almost half contained compounds with toxic or
potentially toxic effects if eaten. For many of the remaining plants,
the data was insufficient to establish a safe edible amount. Many
of the species may be considered novel food according to the EU
regulation, since a food use to a significant degree in EU member
states prior to 15 May 1997 could not be established. This review
has demonstrated a strong need for better information on novel
food status and safety of plants picked from the wild or plants previ-
ously mainly cultivated e.g. for ornamental use but now introduced
as food, so that food producers, chefs and writers of cookbooks also
in future have a stronger attention on whether the plants are safe
to eat.

https://doi.org/10.1016/j.toxlet.2018.06.721

P10-07 The safety assessment of proteins in
food: where do we stand?

A. Fernandez Dumont ∗ , C. Paoletti, J. Gomez Ruiz, M. Ardizzone,
A. Lanzoni

European Food Safety Authority, Parma, Italy

Purpose: the risk assessment of proteins is critical for food safety
authorities worldwide. The adverse effects from exposure to pro-
teins can be life-threatening as in case of anaphylactic reactions.

https://doi.org/10.1016/j.toxlet.2018.06.719
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While various guidelines detailing how to deal with the assessment
of protein safety are available, no global consensus exists. Scientific
advances and the evolution of risk assessment tools should be used
to re-think the protein safety assessment strategy, upon which a
global consensus could be achieved. Here we provide state-of-the
art considerations paving the road to do so.

Methods: The safety assessment of proteins relies on informa-
tion of different nature providing the necessary weight-of-evidence
to estimate risks. However, the current paradigm borrows the
classical principles and methodologies developed for assessing
“chemicals”, i.e. small molecules. But proteins are large and com-
plex biological molecules, needing dedicated considerations for
hazard and exposure assessments.

Results: the safety assessment of proteins could be stream-
lined. First, more informative tools for protein analysis and a clearer
framing of exposure-scenarios are necessary to better inform the
risk assessment strategy to follow. For example, improved in silico
analysis approaches, coupled with thorough criteria to interpret
outcomes should be pursued. Targeted in vitro testing tools should
be further developed and validated in robustness and reliability
to integrate and possibly replace animal models. A promising way
forward is the development of more informative in vitro digestion
tests. Second, other tools and in particular animal models should
be used to obtain final decisive evidence on protein safety only
when the initial protein and exposure assessment is not sufficient
to conclude on the safety. Currently, well-established acute, 28-
day, 90-day toxicity studies designed for “chemical; assessment
are used, but their relevance for protein safety assessment is ques-
tioned. A deep revision of the use of animal models for protein
safety is needed to establish when they are informative and what
parameters should be considered. Finally, innovative ways to link
the outcome of the protein assessments with post market reali-
ties are necessary to better inform and continuously improve the
strategy used.

https://doi.org/10.1016/j.toxlet.2018.06.722

P10-08
In vitro study of the cytotoxic effects of
microcystin-LR, cylindrospermopsin and their
mixture in the neuronal SH-SY5Y cell line

M.G. Hinojosa , D. Gutierrez-Praena, A.I. Prieto, L. Espinar-López,
A.M. Cameán, A. Jos ∗

University of Sevilla, Area of Toxicology, Faculty of Pharmacy, Sevilla,
Spain

Anthropogenic activities and climate changes are contributing to
the increase of the appearance of cyanobacterial blooms, capable
of producing harmful secondary metabolites known as cyanotox-
ins, such as microcystin-LR (MC-LR) and cylindrospermopsin (CYN).
Despite being mainly considered as a hepatotoxin and a cytotoxin,
respectively, both toxins seem to be able of causing neurotoxicity
in different experimental models, although studies concerning this
aspect are still scarce, especially with CYN. In the present work,
the human neuroblastoma SH-SY5Y cell line was used to assess
the cytotoxicity induced by MC-LR and CYN pure standards and
their mixture, since their simultaneous occurrence is frequent in
nature. For this purpose, cells were exposed to 0–100 �g/mL MC-
LR and 0–5 �g/mL CYN for 24 and 48 h. Cytotoxicity was evaluated
using the MTS tetrazolium salt reduction (MTS), the neutral red
uptake (NR) and the total protein content (PC) assays. The MTS
assay was performed to evaluate the mixture at EC50, EC50/2 and
EC50/4 concentrations for both periods of time. The results of this
combination were also evaluated using the CalcuSyn software, in
order to establish the type of interaction of the mixture (additive,

synergistic or antagonistic effect). In the MTS assay, an EC50 value
of 32.21 ± 1.89 �g/mL after 24 h of exposure and 20.8 ± 2.08 �g/mL
after 48 h was obtained for MC-LR. In the case of CYN, the EC50
values were 0.87 ± 0.13 �g/mL and 0.32 ± 0.08 �g/mL after 24 and
48 h, respectively. Regarding to the mixture, an antagonistic effect
was observed at low concentrations at both exposure periods,
although a synergistic trend was observed at the highest concen-
trations assayed after 24 and 48 h. Therefore, our results show the
neurotoxic potential of both cyanotoxins, showing for the first time
in vitro, the high sensitivity of neuronal cells to CYN and its combi-
nation with MC-LR.
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Health effects of red meat products containing
phytochemicals and reduced levels of nitrite:
the PHYTOME project

S.G. van Breda ∗ ,
T.M. de Kok, on behalf of the PHYTOME consortium

Maastricht University Medical Center, GROW School for Oncology
and Developmental Biology, Department of Toxicogenomics,
Maastricht, Netherlands

Purpose: It has been proposed that endogenously formed N-nitroso
compounds (NOCs) are partly responsible for the link between red
meat consumption and colorectal cancer (CRC) risk. As nitrite has
been indicated as one of the critical factors in the formation of
endogenous NOCs, it is of high importance to reduce the nitrite
levels in meat. Therefore, the PHYTOME project was initiated (Phy-
tochemicals to reduce nitrite in meat products; www.phytome.eu),
a major EU funded research project aiming to develop innovative
meat products in which the food additive nitrite has been replaced
by natural compounds originating from fruits and vegetables.

Methods: A human dietary intervention study was conducted
in which healthy subjects consumed 300 g of meat for two weeks,
in subsequent order: normal processed red meat, white meat, and
red processed meat with normal or reduced levels of nitrite and
added phytochemicals (normal-nitrite or low-nitrite PHYTOME
meat, respectively). Before and after each intervention period, col-
orectal biopsies, urine and faeces were collected for analyses of
different markers of effect.

Results: Apparent total N-nitroso compounds (ATNC) in faecal
water, as measure of total NOCs, were significantly higher following
processed red meat intake when compared to intake of white meat,
normal-nitrite - and low-nitrite PHYTOME meat. In addition, DNA
strand breaks induced in ex-vivo faecal water exposed CACO-2 cells
and O6-methyl-guanine adducts levels in colonic DNA were sig-
nificantly higher after consumption of normal processed red meat
as compared to white meat intake. Furthermore, normal-nitrite
and reduced-nitrite PHYTOME meat intake resulted in reduced lev-
els of these genotoxic markers; however, these effects were not
statistically significant. Whole genome gene expression analyses
identified differentially expressed genes and co-expressed genes
which are related to molecular pathways which explain cancer risk
initiation after intake of processed red meat and cancer risk pre-
vention after intake of the PHYTOME meat. Together these results
indicate that addition of natural extracts to conventional processed
red meat products results in reduced formation of NOCs, and may

https://doi.org/10.1016/j.toxlet.2018.06.722
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therefore contribute to a reduced risk of CRC, which is mechanisti-
cally supported by gene expression analyses.

https://doi.org/10.1016/j.toxlet.2018.06.724
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A proof-of-concept study: evaluating the
applicability of high-throughput screening data
and read-across tools for food relevant
chemicals
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R. Judson 3, M. Krishan 4

1 University of Cincinnati, Department of Environmental Health,
Cincinnati, US
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3 U.S. EPA, NCCT, Research Triangle Park, US
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Alternative toxicity methods to characterize the hazards of
chemical substances have been proposed to reduce animal test-
ing and efficiently screen thousands of chemicals. Relevant
resources include large in vitro datasets from efforts such as the
high-throughput screening (HTS) Tox21/ToxCast programs and
read-across tools such as the Organization for Economic and Coop-
eration Development (OECD) QSAR toolbox. The goal of this work
is to compare the results from traditional toxicity studies with
predictions from these alternative testing methods for food rele-
vant chemicals in ToxCast. Computational models developed using
Tox21/ToxCast HTS data were used to predict the activity of food
relevant chemicals against the estrogen receptor (ER) and andro-
gen receptor (AR) pathways. We identified 94 putatively estrogen-
or androgen-active food relevant chemicals in ToxCast. To reduce
possible confounding from cytotoxicity and cell stress, the ER and
AR model results were filtered based on observed in vitro cyto-
toxicity, which resulted in 89 putatively active, non-cytotoxic food
chemicals. As a proof of concept, we further shortlisted these 89
chemicals based on the availability of in vivo data related to devel-
opmental and reproductive toxicity (DART). This resulted in 10
putatively active, non-cytotoxic, endocrine disrupting chemicals.
Structural similarity and similar mode of action were used to iden-
tify potential analogues for the 10 chemicals. We used read-across
approaches to compare the pattern and potency of DART for the
analogues to that of the target chemical. These methods identified
3 target chemicals for which the analogue approach and computa-
tional models successfully predicted the DART potential of the food
relevant chemicals. This study demonstrates that Tox21/ToxCast
HTS assay data can be used for prioritization along with weight of
evidence from read-across tools to evaluate food relevant chemi-
cals, although the limitations in the approaches are evident. This
abstract does not necessarily reflect EPA policy.

https://doi.org/10.1016/j.toxlet.2018.06.725
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Hepatotoxicity of pyrrolizidine alkaloids in
human hepatocytes and endothelial cells

J. Glück ∗ , J. Ebmeyer, J. Waizenegger, C. Luckert, A. Braeuning,
A. Lampen, S. Hessel-Pras

Federal Institute of Risk Assessment, Food Safety, Berlin, Germany

Pyrrolizidine alkaloids (PA) are a group of secondary plant metabo-
lites produced in a wide variety of different plant species as a

defense mechanism against herbivores. Humans are exposed to
these substances via the consumption of contaminated food. PA
intoxication in humans causes severe hepatotoxicity: while acute
intoxication leads to veno-occlusive disease, hepatomegaly, ascites
and liver hardening, chronic PA intoxication is characterized by
hepatic necrosis, fibrosis and cirrhosis. It is considered that PA toxi-
city is based on PA metabolites formed during metabolic activation
in the liver. The molecular mechanisms of PA toxicity are not well
understood.

In this project we aimed to elucidate the mode of action of sev-
eral structural different PA. To identify signaling pathways affected
by PA a whole transcriptomics �-array was performed with four
PA in human primary hepatocytes, comprising all structural char-
acteristics of hepatotoxic PA. Though structurally different, all four
PA significantly regulated a great number of genes in common.
This proposes similar molecular mechanisms, although the extent
seems to differ between the analyzed PA as reflected by the poten-
tial hepatotoxicity and individual PA structure.

Since there were hints for induction of cholestasis and apo-
ptosis, these pathways were investigated in detail. PA exposure
showed structure- and concentration-dependent cytotoxicity in
HepaRG cells. An apoptotic potential of PA was revealed for two
retronecine-type PA. PA structure- and time-dependently induced
depolarization of the mitochondrial membrane potential, nuclear
as well as DNA fragmentation and also an increase in pro-caspase
cleavage and activity. Effects on the cholesterol and bile acid
metabolism were shown in down-regulation of various trans-
porters and metabolizing enzymes.

However, effects on the endothelial cells were not included in
these studies. Therefore, we used HUVEC cells to simulate sinusoids
of the liver. PA were bio-activated by using S9 fraction resulting in
a decrease in HUVEC viability, an increased expression of the FAS
receptor and of different interleukins, along with opposite-directed
regulation of the two genes PTGIS and PTGS2 that encode enzymes
involved in prostanoid synthesis. Non-metabolized PA produced no
relevant effects in gene expression analysis.

https://doi.org/10.1016/j.toxlet.2018.06.726
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Transcriptome responses in Caco-2 cells to
micro- and nanoparticles in food-grade
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on colon cancer development
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Titanium dioxide (TiO2) is used as a food additive, known as E171
in Europe, and provides a white colour. Recent studies showed that
E171 ingestion causes a significantly increased number of colorec-
tal tumours in colorectal cancer mouse model while in rats it also
induces inflammatory responses in the intestines. E171 consists
of particles of different size fractions that can be distinguished in
nanoparticles (NPs) and microparticles (MPs). In order to obtain
more insight into the cellular responses related to colon cancer
development evoked by E171 at the transcriptome level, includ-
ing the relative contribution of the NPs and MPs, was investigated
by whole genome microarray analyses. Furthermore, the capacity
of E171, TiO2 NPs and MPs to induce oxidative stress, DNA dam-
age was assessed by using electron spin spectroscopy, the comet
assay and the micronucleus test. The capacity for ROS generation
in a cell-free environment was the highest for E171 followed by
NPs and MPs. Only MPs were capable to induce ROS formation

https://doi.org/10.1016/j.toxlet.2018.06.724
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in exposed Caco-2 cells. E171, MPs and NPs all induced single-
strand DNA breaks. Chromosome damage was shown to be induced
by E171, as tested with the micronucleus assay in HCT116 cells.
Transcriptome analysis showed that E171, NPs, and MPs induce
gene expression changes related to pathways involved in signalling,
inflammation, immune system, transport, and cancer devleopment.
Exposure to NPs showed similar effects as E171 resulted in gene
expression changes in TLR cascade, MHC class I and II presentation,
late cornified envelope, potassium channels, and cell cycle. Expo-
sure to MPs induced similar changes as E171 in gene expression
related to Hedgehog family, �-defensins, cadherin and cholinergic
receptors. Overall gene expression changes were associated with
the immune system and inflammation induced by E171, but also by
the MPs and NPs, suggesting the creation of a favourable environ-
ment for cancer development, without showing a clear distinction
between the two different size fractions.

https://doi.org/10.1016/j.toxlet.2018.06.727
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3-MCPD-induced organ toxicity is based on
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3-Chloro-1,2-propanediol (3-MCPD) fatty acid esters are food con-
taminants which are formed during the refinement of vegetable
oils. After ingestion, the esters are hydrolyzed in the gastrointesti-
nal tract to release free 3-MCPD. 3-MCPD has been classified to be
possibly carcinogenic to humans (category 2B) and is therefore in
the focus of food safety authorities.

Previous studies suggested that oxidative stress plays a role
in 3-MCPD toxicity. In the present study, so-called HOTT reporter
mice were employed to elucidate the impact of 3-MCPD on cellular
oxidative stress in more detail. These transgenic reporter mice con-
tain a gene cassette in their genome in which the lacZ reporter is
under the control of the heme oxygenase 1 (HO-1) promoter which
is responsive to oxidative stress induced by reactive oxygen species
(ROS). ROS-mediated lacZ gene expression can be visualized by LacZ
staining of tissue slices by using X-Gal. HOTT reporter mice were
daily treated with 0, 1, 10, 100 mg 3-MCPD per kg of body weight
over a period of 28 days. Subsequently, the mice were sacrificed,
and tissue slices were prepared from kidneys, testes and brain and
subjected to LacZ staining.

In the mouse kidney cortex a dose-dependent increase of blue
stain was observed that was exclusively visible in the renal cortex
and not in the renal medulla. In mouse testes LacZ positive cells
were detected on the basal membrane in the seminiferous tubules.
The LacZ staining in the tubules was intensified with increasing
3-MCPD doses. In mouse brain a dose-dependent increase in LacZ
positive cells was detected in specific areas within the cerebellum,
midbrain and pons. In all three organs, the amount of irreversibly
oxidized DJ-1 protein which is a biomarker for high ROS burden
was dose-dependently increased by 3-MCPD. 3-MCPD-mediated
ROS induction in mouse kidney, testes and brain was furthermore
confirmed by a dose-dependent induction of gene expression of
ROS-responsive genes such as heme oxygenase 1 or catalase and
by the observation of an increased amount of 3-hydroxynonenal-
induced protein adducts indicating increased lipid peroxidation.

Taken together, these data demonstrate that 3-MCPD induces
ROS formation in mouse kidney, testes, and brain. Further studies

will focus on the molecular mechanisms of 3-MCPD-mediated ROS
induction.

https://doi.org/10.1016/j.toxlet.2018.06.728
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Background information: The rising concerns about poten-
tial hazardous properties of food additives requires extensive,
yet animal-minimized, testing strategies. For that purpose, the
zebrafish embryo is the ideal model system which is amenable to
high-throughput in vivo assays.

Method: In this study, we exposed zebrafish wildtype and
transgenic fluorescent embryos to different concentrations of ten
controversial food additives: the preservative Sodium benzoate
(SB); the flavour enhancer Monosodium glutamate (MSG), the
sweetener Aspartame (Asp), and colouring agents Tartrazine (TTZ),
Quinoline yellow (QY), Sunset yellow (SY), Azorubine (Az), Pon-
ceau 4R (P4R), Allura red AC (AR), and Brilliant blue (BB). Data
was recorded and analysed for morphological and lethal effects,
remarkable biological/functional outcomes are further investigated
with emphasis on neurodevelopment and neurobehaviour.

Results: Effects of each substance on zebrafish embryonic
morphology and lethality were determined as well as the
corresponding concentration-response relationship. Calculated
toxicological indexes (LC50, EC50, and teratogenic index TI)
revealed that SB belongs to Cat.3 aquatic toxicity class, while
QY and BB are highly teratogenic. Remarkably, adverse effects
of BB and P4R present a multiphasic dependence on concentra-
tion, with BB appearing to weaken the embryonic yolk sac. SB
exposure decreased the zebrafish motoneuron differentiation rate,
while Az exposure stimulated the hatching rate. Behavioural stud-
ies revealed a synergistic effect on locomotive activity due to a
mixture of Asp/MSG.

Conclusion: Our results demonstrate that the zebrafish embryo
is a cost-effective model for high throughput screening of food
additives’ safety and toxicity. This in vivo model allows system-
atic detection of biological effects, especially those unexpected by
targeted in vitro and in silico models. Also, our data suggest the need
to reconsider the safety of food additives SB, BB, and QY as well as
other controversial food additives in further studies.

https://doi.org/10.1016/j.toxlet.2018.06.729
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A tool to integrate scientific risk assessment
principles into the management and
prioritization of chemical contaminants in raw
materials

T. Stroheker ∗ , G. Scholz, P. Mazzatorta

Nestle Research Center, Lausanne, Switzerland

We have developed a new globally applicable scientific tool for
the assessment and prioritization of chemical hazards in food

https://doi.org/10.1016/j.toxlet.2018.06.727
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raw materials. The tool is based on the four principles of risk
assessment, considering the overall exposure to chemical contam-
inants. From these calculations, and the application of a decision
tree, the tool provides the user with a level of risk (or “likeli-
hood to cause harm”). For each individual contaminant, a severity
grade was set according to the use of an additional decision tree
based on toxicological characteristics of the chemical (e.g. carcino-
genicity, reprotoxicity or developmental toxicity). Both decision
trees implies scientific, objective and transparent selection crite-
ria. Taken together, severity and risk are positioned in a matrix
informing on the prioritization level of each combination of chem-
ical hazard and raw material. The proposed model is intended to
be adequately protective for consumer’s health, as it considers a
conservative food intake scenario, as well as various sources of con-
taminant exposure. The model’s design is flexible and can easily be
adapted to the needs of different food product categories and sce-
narios. The model was tested using several examples, the results of
which are consistent with existing data in the literature.

https://doi.org/10.1016/j.toxlet.2018.06.730

P10-16
Animal-free strategies to prioritize substances
of concern: case studies with food contact
materials

B. Mertens 1,∗ , M. Van Bossuyt 1,2, T. Vanhaecke 2, V. Rogiers 2,
E. Van Hoeck 1

1 Sciensano, Chemical and Physical Health Risks, Brussels, Belgium
2 Vrije Universiteit Brussel, In Vitro Toxicology and
Dermato-cosmetology, Brussels, Belgium

Humans are exposed, intentionally or not, to a large variety of
substances most of which have not (recently) been evaluated for
their safety. Environmental pollution and contaminated food are
important sources of non-intentional exposure to non-evaluated
substances. A detailed characterization of the complete toxicolog-
ical profile of all these substances is not feasible from an economic
and ethical (animal welfare) point of view. In silico models, how-
ever, are useful tools to assign priority to those substances for which
a comprehensive safety evaluation is most urgently needed. In sev-
eral recent studies, we have illustrated the potential of in silico tools
for the priority setting of substances that can be used in different
types of food contact materials (FCM). Despite their multiple bene-
fits in food handling and processing, the safety of these FCM should
be assessed as migration of compounds from FCM into the food has
been reported. However, the safety assessment of FCM substances
is currently hampered by the lack of a clear and harmonized legisla-
tive framework. For non-plastic FCM types for example, no specific
regulation on the starting products exists. Furthermore, guidance
on the assessment of non-intentionally added substances (NIAS)
(e.g. impurities, oligomers, degradation products and neoformed
compounds), which can migrate both from plastic and non-plastic
FCM, is currently missing.

An overview of different strategies combining in silico tools with
literature data and results from in vitro experiments to prioritize
FCM substances will be presented using case studies. For the priori-
tization of starting products in non-plastic FCM, the advantages and
limitations of the approaches developed for coatings and printed
paper and board FCM will be summarized and discussed. In addi-
tion, a strategy that was developed to assign priority to substances
migrating from plastic baby bottles will be used to demonstrate the
potential of in silico based strategies for the assessment of NIAS. The
different case studies clearly show the potential of animal-free pri-
oritization strategies, not only for FCM but also in numerous other

domains where there is a need to identify substances of concern to
human health.

https://doi.org/10.1016/j.toxlet.2018.06.731

P10-17
Pathogenic gene profiles of Listeria
monocytogenes isolated from food and
environment in Korea

Y. Bae ∗ , Y.S. Lee, B.J. Kim, M.R. Choi, J.H. Hwang, S.H. Kim,
H.S. Kwak

Ministry of Food and Drug Safety, Food Microbiology Division,
Cheongju, Republic of Korea

In order to identify causative agents of foodborne outbreak, genetic
characteristics of isolated strains could be critical information as
well as rapid isolation and identification of pathogen from sus-
pected foods. Listeriosis is serious infection usually caused by
eating food (soft cheeses, sprouts and cantaloupe etc.) contami-
nated with the Listeria monocytogenes.

In this study, pathogenic genes of Listeria monocytogenes
isolated from food materials and environment were analyzed
and their characteristics were confirmed by several molecu-
lar typing methods. Listeria monocytogenes was isolated from
food and environment and analyzed by Realtime PCR(polymerase
chain reaction), PFGE(Pulsed Field Gel Electrophoresis) and
MLST(Multilocus Sequence Typing) analysis. 49 strains of Listeria
monocytogenes were isolated and identified by automated micro-
biologial identification instrument, VITEK MS(Biomerieux Co.). 21
strains had iap, 42 strains had prfA, and 41 strains had hly genes out
of 49 strains by Realtime PCR using specific primer for each gene.
And 7 genes such as abcZ, bglA, cat, dapE, dat, ldh, and lhkA were
confirmed in Listeria monocytogenes by MLST analysis.

Based on these pathogenic gene profiles, it is possible to under-
stand various genetic characteristics of Listeria monocytogenes
strains and used as key information in etiological studies for rapid
Listeria outbreak investigation in Korea.

https://doi.org/10.1016/j.toxlet.2018.06.732

P10-18
Acute and sub-acute oral toxicity study of
fermented platycodon extract in rats

J.-D. Heo ∗ , J. Choi, J. Kim, S.-J. Lee, Y.-G. Moon, W.-S. Kim,
T.-K. Tak, J.-H. Lee, K.-H. Hwang

Korea Institute of Toxicology, Gyeongnam Department of
Environmental Toxicology & Chemistry, Jinju-si, Republic of Korea

The platycodon is referred as the root in Korea. The roots are
commonly used for treating bronchitis, asthma, tuberculosis, dia-
betes, and other inflammatory diseases. The present study aims
to evaluate the safety of ferment platycodon extract (fP) for the
development of health food or natural therapeutics. We performed
acute and sub-acute oral administration (2 weeks repeated) in
SD rats. In sub-acute study, the fP was administered to male and
female SD rats at oral doses of 2000 mg/kg (acute study) and 0, 250,
500 and 1000 mg/kg (sub-acute study). Experimental animals were
monitored for the mortality, body weight changes, food intake,
clinical signs and gross findings during observation or adminis-
tration period. Sub-acute toxicity study was also accompanied by
hematological and biochemical analyses. In the above studies, we
concluded that fP has weak toxicity in SD rats.

https://doi.org/10.1016/j.toxlet.2018.06.733
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Zearalenone (mycotoxin) metabolism in urine
of farmed pigs and cattle

P.T. Koivisto ∗ , M. Kolmonen, P. Peltola

Finnish Food Safety Authority Evira, Chemistry, Helsinki, Finland

Materials and methods: Zearalenone is hormonally active myco-
toxin that may occur in feed (and food). Zearalenine is metabolized
to analogous resorcylic acid lactones zeranol and taleranol among
others. Most sensitive animal is pig, but also human exposure is
possible through grain. Human exposure has been estimated small.
Metabolism of zearalenone is well understood. Regulatory limits
for zearalenone in grain is 100 ug/kg in pig feed and 500 ug/kg for
cattle.

Urine samples were from official monitoring of banned hor-
mones zeranol and taleranol on year 2017. Analysis of pig and cow
urine sample was performed with UHPLC-MS/MS technique from
purified urine samples after deglucuronidation.

Results: On average, most abundant metabolite was � isomer of
zearalenol (10 �g/L) in cows urine, while in pig urine was � isomer
(2.3 �g/L) respectively. Zeranol concentration was 0.57 and 0.07
(cow/pig) and taleranol 1.8 and 0.14 ug/L respectively. Zearalenone
mycotoxin was also detected (5.2 pig and 4 �g/L in cow) in most of
the samples which indicated that sources of metabolites was most
probably through mycotoxin contamination on feed. Zearalenone
level in feed samples has been below regulatory limits. One sample
was analyzed without enzymatic hydrolysis, in which there was
not metabolites detected.

Conclusions: Metabolites exists mainly as conjugated forms
(glucuronides), which indicates less harm of mycotoxin contam-
ination to farm animals.

Decreasing of harmful metabolites can be made by decreasing
levels of zearalenone in feed.

https://doi.org/10.1016/j.toxlet.2018.06.734

P10-20
Concern for adverse effects of huperzine a when
sold as an ingredient in food supplements

L. Bredsdorff ∗ , K. Pilegaard

Technical University of Denmark, National Food Institute, Kgs.
Lyngby, Denmark

Huperzine A is marketed as a cognitive enhancer for healthy
individuals when sold as an ingredient in food supplements.
Huperzine A is, however, an acetylcholinesterase (AChE) inhibitor
with potential for serious adverse health effects if administered in
the doses recommended for food supplement use (up to 900 �g/d).
Huperzine A acts by inhibiting AChE, thus preventing the degra-
dation of endogenous acetylcholine, which leads to disrupted
neurotransmission that may result in a variety of symptoms such as
salivation, defecation, muscle fasciculation, convulsions and death.

Purpose: The aim of this study was to make a risk assessment
of huperzine A from food supplements based on the available lit-
erature.

Method: A systematic review of the literature covering the bibli-
ographic databases SciFinder

®
, PubMed and Web of ScienceTM was

performed to search for toxicological data on huperzine A.
Results: Very few toxicological studies were identified in the

literature search. However, several articles cite a series of unpub-
lished studies submitted to the FDA as part of an investigational
new drug submission. The study information is sparse and only
provides the species, dose range, duration and a short summary
of end-points. None of the studies are longer than 180-days. The

observed adverse effects can all be related to AChE inhibition but
due to the limited information none of the studies are suitable for
establishing a health-based guidance value such as an Acute Ref-
erence Dose (ARfD) or Acceptable Daily Intake (ADI). One study
in humans showed that administration of 200 �g huperzine A
resulted in an erythrocyte AChE-inhibiting activity >20% for almost
5 hours post-dose. A specific cut off value of 20% for brain or ery-
throcyte AChE inhibition is considered to differentiate between
adverse and non-adverse effects. Huperzine A is under investiga-
tion for use as a drug for Alzheimer’s disease. Adverse effects like
diarrhoea, nausea and vomiting have been reported in these stud-
ies, where the investigated doses generally are half the highest dose
recommended by vendors of food supplements. Whereas, a certain
degree of side effects is accepted for drugs, the same effects should
be unacceptable from food supplements intended for healthy indi-
viduals.

https://doi.org/10.1016/j.toxlet.2018.06.735

P10-21
Food contaminant mycotoxin altertoxin II: cell
membrane as target

G. Del Favero ∗ , D. Marko

University of Vienna, Faculty of Chemistry, Department of Food
Chemistry and Toxicology, Vienna, Austria

Cell membrane can be seen as the first interface of the cells with
the extracellular environment. As such, it plays a prominent role
in mediating the first contact with toxicants. Food contaminant
mycotoxins are no exception and, regardless the exposure route,
cell membrane can be considered a very relevant toxicological tar-
get at single cell level. In spite of that, for some mycotoxins little is
known about the effects on cellular membrane. Among the emerg-
ing mycotoxins there are the secondary metabolites of Alternaria
alternata, which can be found as contaminants in several food
commodities, especially after storage. Alternaria alternata molds
produce hundreds of different metabolites, but the comprehension
of the mechanism of action of altertoxin II (ATXII) is particularly
relevant due to its mutagenic and genotoxic potential [1,2]. In
this study, the effect of ATXII was investigated on two different
intestinal cell models HCEC-1CT human colonic epithelial cells and
HT-29 intestinal adenocarcinoma cells. The effect on the membrane
was measured with confocal microscopy and live cell imaging, as
well as functionally, with protocols of biomechanical stimulation.
HCEC-1CT cells appeared to be more sensitive than HT-29 cells to
the effect of the toxin, thus undergoing severe and concentration
dependent morphological alterations after incubation with ATXII.
Moreover, alteration of the membrane morphology was accompa-
nied by a higher sensitivity to biomechanical stimulation (i.e. shear
stress) that down-streamed in the intracellular compartment, ulti-
mately affecting actin cytoskeleton. In conclusion, cell membrane
proved to be an extremely sensitive target for ATXII and its study
opens new perspectives in the comprehension of the toxic poten-
tial of food borne mycotoxins. Fleck, S.C., et al., Toxicol Lett, 2012.
214(1): p. 27-32. Schwarz, C., et al., Arch Toxicol, 2012. 86(12): p.
1911-25.

https://doi.org/10.1016/j.toxlet.2018.06.736
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P10-22
Fusarium mycotoxins exposure assessment
through diet and urine analytical study

Y. Rodriguez-Carrasco , D. Carballo, E. Ferrer, G. Font, H. Berrada ∗

Valencia University, Food Science Toxicology, Burjassot, Valencia,
Spain

Fusarium is regarded as one of the most important mycotoxi-
genic fungi genera. Fusarium spp. can produce several mycotoxins
of which the trichothecenes, fumonisin and zearalenone are the
most important ones based on occurrence and toxicity. The
research toward the analytical determination and occurrence
of Fusarium toxins in several food commodities as well as in
human urine from different population groups are very use-
ful tools to carry out exposure population to mycotoxins. In
the developed work, a multi-mycotoxin method based on gas
chromatography-tandem mass spectrometry was developed and
optimized with high resolution and sensitivity for determining
fifteen mycotoxins and metabolites in selected food and human
urine. Moreover, a QuEChERS-based extraction taking profit of high
recovery and sample throughput, high speed and simplicity, the
use of low-solvent as well as the low glassware usage and bench
space.

A considerable number of matrices (n= 500) including wheat-
based products, different types of bread beer and wine were
analyzed. Additionally, mycotoxins urinary levels from 54 individ-
uals were also investigated. The methodologies employed in each
investigated matrix were properly validated according to current
legislations.

Results showed that up to 80% samples were contaminated at
least with one mycotoxin being deoxynivalenol (DON) the most
frequently detected toxin. Moreover, HT-2 co-occurred in less than
10% of total samples. The overall average of all positive samples was
22.5 �g/L for DON and 2.5 �g/L for HT-2.

Despite the important incidence, average values obtained were
much lower than maximum limits. The exposure assessment car-
ried out in several food commodities showed that probable daily
intake of the studied mycotoxins was below the tolerable daily
intakes (TDI). Nonetheless, when mycotoxin urinary levels were
employed to assess the exposure to mycotoxins higher exposure
data were obtained, and even when consuming a contaminated
food with DON below legal limit, the TDI could be exceeded being
children the most susceptible group.
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Co-presence of mycotoxins in tunisian feed
samples
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A performed QuEChERS method was applied to analyze the co-
presence of twenty-one mycotoxins (ENs, BEA, AFBs, OTA, AME,
AOH, TENT, DON, 3ADON, 15ADON, NIV, NEO, DAS, T-2 and HT-2

toxin) in 122 Tunisian market feed samples, including for poul-
try (n = 43), cattle (n = 35), rabbit (n = 12), sheep (n = 16) and horse
(n = 16). It was previously validated according to the European
Commission Decisions (2002/657/EC) and applied. Liquid chro-
matography coupled to tandem mass spectrometry (LC-MS/MS)
and gas chromatography coupled to tandem mass spectrometry
(GC-MS/MS) were used for the detection. For the first time, myco-
toxins presence was evaluated in animal feed from Tunisia intended
for different animal species.

The validated method presented good linearity (R2 > 0.985) and
sensitivity, the limits of quantification ranged from 0.1 ng g−1

(ENA1) to 225 ng g−1 (3ADON). Average recoveries (n = 3) for all
studied feed samples were ranged between (82 ± 28) % for OTA to
(104 ± 27) % for BEA. Intra-day (n = 6) and inter-day precision (n = 9),
expressed as relative standard deviation, were lower than 16% and
20%, respectively.

The 85% of analyzed feed samples were positive for at least one
mycotoxin. Poultry (n = 43) and rabbit (n = 12) feed samples were
the most contaminated. ENB was the most prevalent mycotoxin
with values ranged between 0.5 ng g−1 for horse feed and 40 ng
g−1 at poultry feed, followed by DON detected from 16 ng g−1 in
cattle feed to 250 ng g−1 in chicken feed. None positive sample
exceeded the maximal amounts set by EU legislations for ani-
mal feed (Directive 2003/100/EC; Recommendation 2006/576/EC;
Recommendation 2013/165/EU). Mycotoxins co-occurrence was
observed in all positive samples at least by three different myco-
toxins (21%). A relatively high rate of feed contamination especially
by-fusarotoxins was registered. Even if no toxicological concern
was revealed, the contamination is a fact and the co-contaminated
samples might exert adverse effects due to the mycotoxins poten-
tial interactions.

https://doi.org/10.1016/j.toxlet.2018.06.738

P10-24
Toxicity and metabolism of deoxynivalenol in
human hepatoma (HepG2) cell line

L. Radko ∗ , A. Tkaczyk, P. Jedziniak, S. Stypuła-Trębas, A. Posyniak

National Veterinary Research Institute, Department Pharmacology
and Toxicology, Puławy, Poland

Introduction and aim: Contamination of deoxynivalenol (DON),
a trichothecene mycotoxin, in cereal grains is becoming a major
problem in agricultural and food industry. The potential risks of
DON on human and animal health may occur after ingestion of
contaminated foods or feeds. The better understanding of molec-
ular responses of human cells to DON and metabolic responses of
in vitro system to the exposure to the mycotoxin was the main goal
this study.

Methods: The cytotoxic potential of the mycotoxin was inves-
tigated using human hepatoma (HepG2) cell line. The four
biochemical endpoints were assessed by means of mitochondrial
(MTT) and lysosomal (NRU) activity, total cell protein content
(TPC), and membrane integrity (LDH) after 72 incubation with
DON at concentrations ranging from 0.1 to 100 �g/ml. Addition-
ally, concentration of DON in the medium from HepG2 cultures
were determined using liquid chromatography coupled with mass
spectrometry (LC-MS/MS).

Results: The cytotoxicity of DON was concentration- and
assay- dependent. The mycotoxic in the lowest used concentra-
tion (0.1 �g/ml) significantly decreased viability of the cells. The
degree of DON toxicity strongly varied, depending on the cytotoxi-
city parameter evaluated. DON compromised viability according to
the parameters of lysosomal activity, mitochondrial activity, mem-
brane integrity and total protein content. The EC50 values for DON

https://doi.org/10.1016/j.toxlet.2018.06.737
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in HepG2 cultures were <10 �g/ml. DON was poorly metabolized
by HepG2 cells.

Conclusion: The toxicity of DON was higher in comparing in
other studies on HepG2. The increase of risk for human health
related to DON due to its presence in food commodities all over
the world, highlights the importance of these studies in toxicology
and in food science. Among that, studies on interaction DON with
other mycotoxins and xenobiotics are needed to better clarify the
metabolism and toxicity of study mycotoxin.

Funding source: The study was supported by the Leading
National Research Centre (KNOW), Scientific Consortium “Healthy
Animal- Safe Food”, Decision of Ministry of Science and Higher
Education No 05-1/KNOW/2015.
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The use of capsaicin in agriculture, food industries and pharma-
cology is limited by cost and availability but synthetic capsaicin
analogues, such as phenylcapsaicin, can solve problems related to
both quality requirements and volumes needed by the different
industries.

To evaluate the safety of the synthetic capsaicin analogue
phenylcapsaicin (7-phenylhept-6-yne-acid-hydroxy-3-
mathoxylbenzylamide, CAS No. 848127-67-3), an initial 28-day
dose range finder experiment revealed mortality and severe
clinical findings on animals orally dosed with 500 and 1000 mg/kg
bw/day. Animals administered with doses up to 250 mg/kg bw/day
developed only mild or local clinical findings.

Based on that data a 90-day repeated dose oral gavage 0, 30, 100
or 250 mg/kg bw/day toxicity study with a 28-day recovery period
was conducted in Wistar rats. Examinations of clinical signs, body
and organ weight, haematology, urinalysis, clinical chemistry, food
consumption and macroscopic, as well as histopathological tissue
examinations were carried out for signs of toxicity. Moreover, a
Reverse Mutation and a Micronucleus assays were also performed
in order to evaluate genotoxic capabilities of phenylcapsaicin.

Degenerative, but reversible changes in the liver at 250 mg/kg
bw/day, and local irritating effects in the stomach at 100 and
250 mg/kg bw/day were found. These findings were associated with
phenylcapsaicin-related clinical symptoms, i.e., diarrhoea, saliva-
tion and moving of bedding material. Similar to our observations,
capsaicin has also been suggested to increase salivary secretion
and it is known to be a strong irritant to gastric mucosa result-
ing in severe gastritis and diarrhoea. Interestingly, capsacin and its
analogues have been reported to have a gastro-protective effect
against ulcerogenic injuries at low doses, but could increase rat
stomach mucosal damage at high dosages which is in line with
our observation at higher dose. No persistent effects of phenylcap-
saicin were observed in food consumption or body weight gain.
Phenylcapsaicin was considered not genotoxic.

The NOAEL of phenylcapsaicin for systemic toxicity is consid-
ered to be at 100 mg/kg bw/day which is based on degenerative

changes in the liver. Due to irritating effects in the stomach, the
NOAEL for local effects was established at 30 mg/kg bw/day.

https://doi.org/10.1016/j.toxlet.2018.06.740
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Prevalence of food allergy among United Arab
Emirates (UAE) population, a meta- analysis
study
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Purpose: Food allergy (FA) is a common health problem that affects
substantial number of people around the world and has significant
psychological effects that may negatively affect the quality of life for
children, adolescents and adults. Severe FA cases could lead to life-
threatening immunoreactions that can initiate respiratory and/or
cardiovascular problems. These reactions could be immune system
mediated (food allergy) or non-immune mediated reactions (food
intolerances). UAE community is dynamic and diverse; its popula-
tion has representatives from all over the world. Hence, its dietary
systems is highly internationalized. This meta-analysis study is
intended to highlight the prevalence of FA in UAE and describes
the types of the food reported as source of allergens.

Methods: Data were retrieved for the period from 2006 to
2016 and refined according to PRISMA 2009 Flow Diagram (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses).
The words: food, allergy and UAE were used interchangeably to
search Google Scholar and PubMed databases, from each, 1230 and
17 records were retrieved respectively. Non-applicability of data
to food consumption represents the main exclusion criteria. Eight
records were assessed for eligibility, only five were qualified for
meta-analysis and the rest were excluded.

Results: FA cases that belong to four years were analyzed: 397
in 2006, 103 in 2013, 255 in 2014 and 14 in 2016. Most of them are
school children (n = 411), university students (n = 255) and asth-
matic children (n = 103). They are from cities and administrative
units scattered all over UAE and belongs to different ethnic and cul-
tural groups. Types of food encountered in FA cases are tree nuts,
peanuts, sesame, eggs, milk, fish, fruits, tomatoes and wheat.

Among children and infants, FA prevalence is gender-equal.
However, among university students, female reported cases (12%)
doubled those reported by their male colleagues. Parent-reported
FA cases represent 8% of investigated populations while SPT checks
applied by health practitioners among asthmatic children show
nearly the same percentage for FA cases, whereas self-reporting
was the main source of FA data among university students.
In general, no significant differences in FA prevalence observed
among included studies. Population-wide and more community-
representing studies are recommended.

https://doi.org/10.1016/j.toxlet.2018.06.741
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HPLC-FLD and LC-MS/MS determination of
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The toxicity of aflatoxin M1 (AFM1) has a high importance for the
food quality and possible entrance in human body. Mycotoxin-
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binding agents (MBA) could be used for fixation of AFM1 to
minimise exposure through dairy products. The purpose of this
study was to determine unbounded amounts of AFM1 after adding
of lactic acid bacteria (LAB) and �-glucan (cellular yeast compo-
nents) added firstly for binding then removing aflatoxin AFM1 from
milk. LAB were isolated from fresh cow’s milk and traditional dairy
products such as: fresh cow cheese and cream. All milk samples
used in the experiment were first analysed and verified for AFM1
contamination free, than spiked with known amount of AFM1.
Membrane filtration method and Centricon Plus-70, a MWCO 100
kDa were selected for removal of resulting biofixator-AFM1 com-
plex from milk. The concentration of AFM1 residues in the samples
were determined by high performance liquid chromatography
using a fluorescent detector (HPLC-FLD). Previously obtained val-
ues were confirmed by high performance liquid chromatography
coupled to tandem mass spectrometry (LC-MS/MS). Before HPLC
or LC-MS/MS analysis the samples were purified on immunoaffin-
ity columns. Both methods were fully validated by determination
of following validation parameters: selectivity, linearity, precision,
accuracy, recovery, limits of detection and quantification. Valida-
tion data proved that both methods are suitable for determination
of AFM1 residues in milk. Obtained results of AFM1 after removed
biofixator-AFM1 complex from milk shown very good correlation
between both methods.

https://doi.org/10.1016/j.toxlet.2018.06.742
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Prospective hazards of fenvalerate in extensive
pollution influence the apoptosis sensitivity
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Aim: Fenvalerate (Fen) is a widely used synthetic pyrethroid
insecticide in agricultural, domestic, and veterinary applications.
Fen induces abnormal cell proliferation and apoptosis which
correspond its hazardous effects. Cadmium (Cd) is a potential envi-
ronmental hazard that induces disorders in various organs, it has
been classified as a human carcinogen by the International Agency
for Research on Cancer. In the present study, to explore health
hazards for combined pollution of Fen and Cd, the effects of Fen
on Cd-induced apoptosis were investigated in human myeloid
leukemia U937 cells.

Methods: U937 cells were treated with 50 �M cadmium
chloride (CdCl2) with or without Fen pretreatment (1–50 �M).
Apoptosis was evaluated by externalization of phosphatidylserine
on the plasma membrane and the expression levels of apoptosis-
related proteins were determined by western blot analysis.

Results: The results revealed that pretreatment with Fen
at 20 �M for 12 h markedly inhibited Cd-induced apoptosis.
Decreased expression of pro-apoptotic proteins (Noxa and Bid)
and increased expression of anti-apoptotic proteins (Bcl-xL, Mcl-
1, and XIAP) were observed after combined treatment with Fen
and CdCl2. Furthermore, Phosphorylation of ERK and AKT was
increased, whereas, phosphorylation of JNK was decreased by the
combined treatment compared with CdCl2 alone treatment.

Conclusion: Fen decreased apoptotic sensitivity induced by Cd
in U937 cells. The present findings suggest a potential influence
of Fen on Cd toxicity via suppression of apoptosis, it suggests an
increase in carcinogenic risk for combined pollution of Fen and Cd.

https://doi.org/10.1016/j.toxlet.2018.06.743
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Breastfeeding is best, but not always possible and in certain sub-
optimal circumstances (e.g. maternal malnutrition) breastmilk is
not sufficiently nutritious. In such cases, infant formula is the best
alternative. The third most prevalent component of human breast
milk is a fraction known as human milk oligosaccharides (HMO).
The most abundant HMO is 2’-Fucosyllactose (2’-FL).

HMO are considered very important for the development of
intestinal microbiota of infants and have been found to protect
against infant diarrhea. Ingestion of HMO has shown to prevent
pathogen adhesion to the intestinal epithelium, hence reducing the
chance of infection. The beneficiary effect of 2’-FL on the health of
infants has been supported by epidemiological studies.

The aim of this study was to assess the safety of biotechnologi-
cally produced 2’-FL using a genetically engineered E. coli K12 strain
as a processing aid.

2’-FL was tested in an Ames test (OECD TG 471), an in vitro
micronucleus test (OECD TG 487) and in a sub-chronic (13-week)
oral toxicity study in rats (OECD TG 408).

In the bacterial reverse mutation test and the in vitro micronu-
cleus test, 2’-FL did not induce genotoxicity.

In the sub-chronic oral toxicity study, juvenile Wistar rats (25-
days old) were exposed shortly after weaning to dietary levels of 3,
6 and 10% (w/w) 2’-FL. Control animals received regular cereal feed.
A 6.4% decrease in food consumption was observed in female rats of
the high-dose group, but this did not result in lower body weight. In
high-dose males, an 8.3% increase in liver weight was found in the
absence of liver pathology. Both findings were considered as non-
adverse. Changes in absolute and relative weight of the filled and
empty cecum were observed in animals of the low-, mid- and high-
dose groups and were ascribed to the high content of non-digestible
carbohydrates in the experimental diets containing 2’-FL.

In conclusion, the No Observed Adverse Effect Level (NOAEL) for
2’-FL in rats was ≥ 10% in the diet, corresponding to greater than
7.2 and greater than 7.8 g/kg body weight/day in males and females,
respectively.

https://doi.org/10.1016/j.toxlet.2018.06.744
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The transition elements: molybdenum and nickel are essential
micronutrients for human, animals and plants. Micronutrients in
human and animal organisms play a crucial role in prevention and
treatment of various diseases. They also play an important role in

https://doi.org/10.1016/j.toxlet.2018.06.742
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the optimization of physical and mental functions. Moreover, the
elements mentioned above are components of biomaterials.

The aim of presented work was to investigate the genotoxicity
of nickel(II) and molybdenum(III) and interactions between these
elements on BALB/3T3 and HepG2 cell lines.

The BALB/3T3 and HepG2 cells were cultured at 2 × 105 cells/mL
as adherent monolayers in plastic tissue-culture dishes. After 24
hours of incubation the medium was exchanged for the fresh sup-
plemented with NiCl2 × 6H20 or MoO3 at final concentrations as
follows: 100, 200, 400, 600, 800, 1000, 1200, 1400 �M. The cells
exposed to iron(III) and nickel(II) simultaneously were similarly
plated at a density of 2 × 105 cells/mL and incubated for 24 hours.
Next the medium was exchanged for fresh supplemented with
NiCl2 × 6H20 at concentration of 200 �M and MoO3 at concentra-
tion of 1000 �M or NiCl2 × 6H20 at concentration of 1000 �M and
MoO3 at concentration of 200 �M. After 24 hours of incubation
comet and micronucleus assays were performed.

The incubation of BALB/3T3 and HepG2 cells with nickel(II)
and molybdenum(III) induce the increase of number of comets
and micronuclei. Microscopic analysis were showed increase the
number of polynuclear and giant cells after treatment with molyb-
denum(III) and nickel(II). Moreover, the treated cells displayed
characteristic apoptosis in comparison to control cells. Nuclear con-
vulsion and fragmentation, cytoplasmic blebbing and cytoplasmic
vacuolation were observed. The results obtained from both cell
lines show that BALB/3T3 cells are more sensitive when compared
to the HepG2 cells after incubation with nickel chloride. However,
HepG2 cells are more sensitive when compared to the BALB/3T3
cells after incubation with molybdenum trioxide.

Additions of Ni(II) at 200 �M plus Mo(III) at 1000 �M showed
synergistic effect in increase of number of comets and micronuclei.
The same effects was observed in pair Ni(II) at 1000 �M plus Mo(III)
at 200 �M.

https://doi.org/10.1016/j.toxlet.2018.06.745
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Estimation of the non-genotoxic effect level
in vivo in bone marrow micronucleus tests for a
rare disease drug candidate

L. Mueller ∗ , A. Zeller, M. Guerard, A. Poirier

F. Hoffmann-La Roche, Pharmaceutical Sciences, Basel, Switzerland

A rare disease drug candidate induced elevated micronucleus fre-
quencies in the bone marrow of rats in juvenile and adult rats.
Thorough in vitro and in vivo investigation on the mode of action
supports a mechanism secondary to cell cycle interaction and
excludes direct DNA-reactivity. In order to support clinical eval-
uation of this candidate for single doses in healthy volunteers and
repeat doses in patients with a rare disease (including pediatric
patients), a reliable point of departure with respective confidence
limits needed to be established across studies. We applied the
benchmark dose (BMD) concept using a critical effect size (CES)
based on statistical analysis of historical negative control distri-
butions to support an exposure-based dosing in the clinic. The
calculated maximum dose level avoids exposures against a critical
genotoxic effect level that interferes with chromosome integrity
in the bone marrow (or that of other tissues) but would still be
predicted as sufficiently efficacious. The BMD concept requires the
toxicologist to a priori define a small increase over controls that is
“acceptable” to be induced by a non-DNA-reactive genotoxic test
substance and thereby define limits for safe (or very low risk) expo-
sures for certain conditions such as clinical trials. To render the
metrics calculated from the data of animals treated with the geno-
toxicants applicable for risk assessment, the chosen CES should

represent a low but measurable response level, reflecting an effect
that is negligible or non-adverse. On the basis of a large histori-
cal database we have determined a suitable CES, which allowed to
define safe/low-risk exposure limits under which this compound
could be tested in the clinic. These conditions were laid out in the
clinical trial protocols and were positively reviewed by the compe-
tent Health Authorities.

https://doi.org/10.1016/j.toxlet.2018.06.746
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Purpose: Goeckerman therapy of psoriasis (GT) includes dermal
exposure to crude coal tar ointment (CCT) and ultraviolet-radiation
(UVR). The CCT contains polycyclic aromatic hydrocarbons (PAHs),
some of them are immunosuppressive, genotoxic and carcinogenic.
According to IARC both factors (CCT and UVR) are classified as
human carcinogens. Combined exposure to PAHs and UVR can
induce increase of mutations at chromosomal level (chromosome
aberration) and creation of micro-nuclear structures and could
increase the risk of malignant transformation of cells. This study
describes the presence of chromosomal aberrations and various
micronuclei structures in lymphocytes of psoriatic patients treated
by dermal exposure to CCT and UVR.

Methods: The group of patients with psoriasis (n = 32, male
n = 15, smokers n = 13) was treated by GT (4% CCT applied topi-
cally and UVB whole body irradiation). The blood samples were
collected before the first and immediately after the last procedure.
We investigated (1) the number and distribution of micronuclei
(MN), nuclear buds (gen amplification) and nucleoplasmic bridges
(dicentric chromosome) in 1 000 binucleated lymphocytes (BNL)
and (2) the structural aberration (SAL) and numerical aberration
(NAL) in 100 metaphasical lymphocytes.

Results: Total number of BNL with MN (p < 0.001), BNL with
1 MN (p < 0.001), BNL with 2 MN (p < 0.05) and BNL with ≥3 MN
(p < 0.01), total number of aberrated cells (SAL+NAL; p < 0.001) and
SAL (p < 0.001) were significantly increased after GT. The smokers
had significantly higher total number of aberrated cells (p < 0.05)
and number of smoked cigarettes correlated with total number
of aberrated cells (rho = 0.38, p < 0.05). We also found correlation
between age and BNL with MN (rho = 0.55, p < 0.001) and cor-
relation between range of psoriatic lesions and total number of
aberrated cells (rho = 0.37, p < 0.05).

In conclusion, combined therapeutic exposure to CCT and UVR
(Goeckerman therapy) increases the levels of the micronuclei and
aberrations in lymphocytes of psoriatic patients and therefore
increases the probability of malignant transformation of cells.

Supported by projects PROGRES Q40/09 and SVV-2018.
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Occupational exposure to bitumen fumes
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T. Svadlakova 2, P. Borsky 3, Z. Fiala 3

1 Charles University, Faculty of Medicine, Institute of Pathological
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2 Charles University, Faculty of Medicine, Institute of Clinical
Immunology and Allergology, Hradec Kralove, Czech Republic
3 Charles University, Faculty of Medicine, Institute of Hygiene and
Preventive Medicine, Hradec Kralove, Czech Republic

Purpose: The road workers are exposed to bitumen fumes includ-
ing benzo[a]pyrene (BaP). After absorption, the BaP is metabolized
into reactive metabolite benzo[a]pyrene-7,8-diol-9,10-epoxide
(BPDE) which attacks structure of DNA and creates DNA-adducts.
DNA adducts become antigenic and induce expression of anti-
bodies against BPDE-DNA adducts (anti-BPDE-DNA) which reflect
the intensity of exposure. Exposure to mutagenic/carcinogenic BaP
induces mutations at the chromosomal level (chromosome aber-
ration) and elevation of oxidative stress, associated with creation
of various oxidized forms of nucleobases and nucleosides (conse-
quent repair processes release multiple oxidized guanine species
into the serum).

The present study focused on occupational exposure to bitumen
fumes/BaP with the aim of contribution to exposure assessment
(anti-BPDE-DNA) and to evaluation of associated genotoxic effects
(chromosomal aberration and oxidative stress).

Methods: The exposed cohort consisted of 42 road workers
exposed to bitumen fumes. Their blood samples were taken dur-
ing the first and the sixth months of the summer road-working
season. Serum level of anti-BPDE-DNA (IgG/IgM) and serum
level of 8-hydroxy-2’-deoxyguanosine, 8-hydroxyguanosine, and
8-hydroxyguanine were analyzed by ELISA methods. The standard
microscopic analysis (total number of aberrated cells) was used for
determination of chromosomal aberration in peripheral lympho-
cytes.

Results: In the blood samples taken during the sixth month
of the exposure we found (compared with the first month)
non-significantly elevated level of anti-BPDE-DNA, significantly
elevated level of oxidative stress (p < 0.001) and significantly ele-
vated level of chromosomal aberration in peripheral lymphocytes
(p < 0.05).

In conclusion, the seasonal exposure of the observed group of
road workers (bitumen fumes/BaP) significantly increased the level
of oxidative stress and the likelihood of genotoxic effects.

Supported by projects PROGRES Q40-09.

https://doi.org/10.1016/j.toxlet.2018.06.748

P11-05
Evaluation of DNA damage and modulation of
gene expression in the heart of rats that
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Vitamin D3 deficiency has been associated with the altered expres-
sion of genes associated with increased blood pressure; however,
the role of vitamin D3 supplementation in the genetic mechanisms
of hypertension remains unclear. Thus, the aim of this study was

investigate how vitamin D3 supplemented or deficient diets reg-
ulate the expression of genes related to hypertension pathways
in heart cells of spontaneously hypertensive rats (SHR) and nor-
motensive Wistar Kyoto (WKY) controls. An additional aim was
to assess the impact of vitamin D3 on DNA damage and oxida-
tive stress markers. The animals were fed a vitamin D3 control
diet (1,000 IU/kg) supplemented diet (10,000 IU/kg) or deficient
diet (0 IU/kg) during 12 weeks. The gene expression profiles were
evaluated by PCR array, the DNA damage was assessed by comet
assay, and the oxidative stress markers thiobarbituric acid reactive
substances and glutathione were assessed via biochemical analy-
sis. Vitamin D3 supplementation or deficiency did not induce DNA
damage or oxidative stress in heart cells. Our results showed that
the vitamin D3 supplemented diet downregulated the expression
of genes involved with increased blood pressure, such as Ace and
Ren in SHR rats and Kcnma1, Scnn1a and Scnn1 g in normotensive
WKY controls. In turn, vitamin D3 deficient diets upregulated the
expression of genes involved with increased blood pressure, includ-
ing the Ace and Cacna1c genes in the SHR and WKY rats, and this diet
induced lipid peroxidation in SHR rats. Vitamin D3 supplemented
diets altered the expression of genes associated with maintaining
blood pressure, while vitamin D3 deficient diets induced oxida-
tive stress and increased the expression of genes directly associated
with hypertension. The results of this study contribute to a better
understanding of the role of vitamin D3 in the genetic mechanisms
of hypertension.

Financial Support: CNPq (302290/2015-0) and FAPESP
(2012/04325-9)
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1,2-Dichloroethane (DCE) is a chlorinated hydrocarbon used as a
chemical intermediate including in the synthesis of vinyl chloride
which is used to make poly vinyl chloride. While DCE has induced
tumors in both rats and mice, the overall weight of evidence for
genotoxicity suggests that DCE is a non-genotoxic carcinogen. The
present study was conducted to further assess the in vivo geno-
toxicity of DCE and explore a potential mode of action for tumor
formation in rat mammary tissue. Fischer 344 rats were exposed to
target concentrations of 0 or 200 ppm of DCE vapors (six hours/day,
seven days/week) for 28 days. This concentration of DCE is approx-
imately 20% higher than that reported to induce mammary tumors
in rats. Endpoints examined included DNA damage (via Comet
assay), GHS/GSSG levels, tissue adduct levels, cell proliferation and
serum prolactin levels. One mechanism of Action (MoA) hypothesis
was that alterations in serum prolactin and cell proliferation were
potential non-genotoxic key events leading to tumor formation.
Exposure to DCE did not have an effect on serum prolactin levels or
cell proliferation in mammary epithelial cells. DNA adducts were
identified including the N7-guanylethyl glutathione (GEG) cross-
link adduct which was considered as a biomarker of exposure, with
higher adduct levels measured in liver (non-target tissue) com-
pared to mammary tissue isolated from the same rats. The results of
the comet assay in mammary epithelial cells indicated that DCE did

https://doi.org/10.1016/j.toxlet.2018.06.748
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not result in increased DNA damage while the positive control N-
Nitroso-N-methylurea resulted in a statistically significant increase
relative to controls. While the results of this study do not identify a
specific MoA for DCE-induced mammary tumors in rats, the lack of
any exposure-related genotoxic effects in the Comet assay or rele-
vant target-tissue specific DNA adducts further contributes to the
weight of evidence for DCE as a non-genotoxic carcinogen.

https://doi.org/10.1016/j.toxlet.2018.06.750
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The Ames test, also known as Reverse Mutation Assay, is a biological
assay used to detect compounds that can lead to genetic mutations.
This test uses Salmonella typhimurium strains that carry mutations
involved in histidine synthesis. Thereby, if the compound is muta-
genic, the number of revertant colonies per plate increases when
compared with number of revertant colonies per plate induced
spontaneously in the absence of a mutagen.

The bacteria used for an ames test are incapable to enzymatically
metabolize chemicals, so it is necessary to include an exogenous
system of mammalian metabolic activation, a post-mitochondrial
fraction of a rat liver (S9), prepared in a mixture, the S9-mix.

According with the OECD guideline for testing of chemicals n◦

471 Bacterial Reverse Mutation Test, adopted on 21st July 1997:
“The post-mitochondrial fraction is usually used at concentrations
in the range from 5 to 30% v/v in the S9-mix.” Considering that, it
was performed an ames test, using the methods stated in the guide-
line n◦ 471, with several percentages of S9 (5%, 15%, 25% and 30%),
in the S9-mix, with the strains TA100 and TA98 to test dimethyl sul-
foxide (solvent control), 7,12-dimethylbenzanthracene (positive
control) and three substances used as active ingredients in plant
protection products: deltamethrin, clethodim and imidacloprid.

The results revealed that in the case of the strain TA100, with
the increase in the S9 in the S9-mix, the number of spontaneously
induced revertant colonies decreases with all the tested com-
pounds, including the controls.

For the strain TA 98 the results revealed that there are no signifi-
cate changes in the number of revertant colonies with the increase
of the S9 in the S9-mix. There’s however to remark a minor decrease
in the number of revertant colonies of the positive control and a
minor increase in the number of revertant colonies for clethodim,
comparing results between the S9 at 5% in the S9-mix and the other
percentages of S9. These observations have no impact in the evalu-
ation of each substance as mutagenic or non-mutagenic under the
conditions applied in the trials.

Further investigation is necessary in order to assess if the range
mentioned in the OECD guideline n◦ 471 should be narrowed.

https://doi.org/10.1016/j.toxlet.2018.06.751
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Pouteria ramiflora (Mart.) Radlk., popularly known as curriola, is
commonly used as medicinal plant for treatment of worm infection,
dysentery, pain, and inflammation. Extracts of medicinal plants of
this genus are being studied in order to ensure the safe use and
effectiveness of these plants and to investigate possible new bio-
logical activities. Thus, this study evaluated the Pouteria ramiflora
extract for antiproliferative activity and induction of cell death in
human hepatocellular carcinoma cell line (HepG2) in order to ver-
ify the safety of its use and assess if its association with cisplatin
interferes in the cellular proliferation and cell death processes.
To assess the antiproliferative effect we used flow cytometry and
immunocytochemistry, while cell death induction was investigated
by apoptosis/necrosis triple staining assay. In addition, the mod-
ulation of genes related to cell cycle control and mechanism of
cell death was investigated. The results demonstrated that P. ram-
iflora extract at different concentrations (0.5, 1.0 and 2.0 �g/mL)
presented antiproliferative effect with cycle arrest in S and G2/M
phase and induced death by apoptosis at concentrations of 1.0 and
2.0 �g/mL. The association of the extract at the concentration of
1.0 �g/mL to cisplatin potentiated its antiproliferative effect with
arrest in S phase via CDK2 gene modulation and decreasing the
number of cells stained with anti-cyclin D1 antibody (G1 phase).
Also was observed potentiation of cytotoxic effect from cisplatin
with increase of apoptotic cell death and BAX gene expression.
These results demonstrate that P. ramiflora extract should be used
with caution for therapeutic purpose and encourage further stud-
ies that can prove its use as an adjuvant in liver cancer treatment
in the future.

Financial support: FAPESP, CAPES/DS, CNPq
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When assessing chemicals for genotoxicity, the Ames test data
generated often stems from testing mixtures. Normally such data
cannot be accepted for individual components in the mixture since
the OECD TG471 required top dose of 5000 �g/plate is not achieved.
Previous studies looking at the potential of the Ames test to detect
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mutagenic impurities in active pharmaceutical ingredients sug-
gest that the assay is sufficiently sensitive; it was estimated that
85% of the total mutagens detected with the standard protocol
are also detected at 5% of the regular top dose (≤ 250 �g/plate)
[1]. To investigate whether a similar level of sensitivity would
hold true for a different chemical database we gathered Ames
data for 351 chemicals from the EURL ECVAM Genotoxicity & Car-
cinogenicity Consolidated Database of Ames Positive Chemicals.
Where available, three positive studies per chemical were compiled
and summarized. After initial cleaning of the database eliminating
chemicals with insufficient or inconclusive data, 252 chemicals and
592 studies were left for further review.

The lowest positive dose exceeded 500 �g/plate (or 10% of the
OECD TG471 required top dose) for only 22/252 chemicals. This
means that 91% of Ames positive compounds would be picked up
also if the top dose in the Ames assay would have been lowered
to 500 �g/plate. It further indicates that mixture data might be
acceptable for the assessment of individual chemicals within the
chemical space covered by the ECVAM database. To further ana-
lyze the impact of functional groups, a chemical class analysis has
also been conducted.

Reference
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In vitro genotoxicity assessment of
cylindrospermopsin-microcystin-lr mixtures by
the micronucleus and comet assays
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A.M. Cameán ∗

University of Sevilla, Area of Toxicology/Faculty of Pharmacy, Sevilla,
Spain

At present, the study of the potential toxic effects of mixtures of
cyanotoxins such as Cylindrospermopsin (CYN) and Microcystin-
LR (MC-LR) are of interest due to their growing co-occurrence. It
is also a reason of concern for the European Food Safety Author-
ity due to the human exposure through contaminated water and
food. Among the toxicological consequences of their exposure, the
potential genotoxicity is of main importance and it has been not
yet investigated for CYN+MC-LR mixtures. For this reason, in this
work, the in vitro genotoxicity of CYN and MC-LR mixtures has
been studied by the micronucleus test (MN) with presence/absence
of the microsomal fraction S9 (OECD 487) in the L5178Y Tk +/−

cell line, and the standard and modified comet assay to evaluate
oxidative DNA damage in the Caco-2 cell line. The exposure con-
centrations were selected based on previous studies in which the
EC50 of these toxins were determined. The ratio CYN:10 MC-LR
was selected, taking into account the higher abundance of MC-LR
in the environment. In the MN test the concentrations evaluated
were 0.125-2 �g/ml CYN and 1.25-20 �g/ml MC-LR, whereas in the
comet assay the concentrations were 0.625 -2.5 �g/ml CYN and
6.25-25 �g/ml MC-LR. The results obtained in the MN test do not
show a genotoxic effect in absence of S9 mix. However, genotoxic
effects were shown in the presence of S9 at high concentrations.
On the other hand, both, the standard and the modified version of
the comet assay, after 24 or 48h of exposure to the mixtures did not
show genotoxicity. In short, the results obtained showed that the

genotoxicity observed can be due to CYN and MC-LR metabolites
although further studies are needed.
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UV-A and UV-B damage: the protective effect of
Vitis vinifera L. extract on HaCaT cell line
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Exposure to the ultraviolet components of sunlight UV-B (280-
315 nm) and UV-A (315-480 nm) is the major cause of skin damage.
UV-B components have a low wavelength being absorbed almost
completely by the epidermis; however, they interact directly with
DNA causing molecular rearrangements. Longer wavelength UV-
A penetrates deeply into the dermis generating reactive oxygen
species (ROS) that can indirectly damage DNA. Recently, different
polyphenol-enriched extracts have been proposed for the preven-
tion of UV-mediated skin damage. Here it has been evaluated the
capability of aqueous extracts of Vitis Vinifera L., validated for the
contents of anthocyanins, flavonoids and caffeic acid, to inter-
fere with UV damage protecting human keratinocyte (HaCaT) cell
line. The treatment with the extract of Vitis Vinifera L. (100 �g/ml,
1 h in serum-free media) was followed by the exposure to UV-A
(2.5-5-10-20 J/cm2) or UV-B (20-30-40-80-160-320-640 mJ/cm2)
radiation in PBS. The extract inhibits DNA damage as indicated by
the alkaline comet test, γH2AX and micronucleus assays, evaluated
at T0 after the exposure. Only for the UV-A damage a correlation
with the reduction of ROS synthesis is seen, and this suggests that
the extract could have the ability to neutralize ROS, acting as a
scavenger and/or also by activating antioxidant systems. More-
over, it seems that the extract could protect from the direct damage
induced by UV-B, consisting in the formation of cyclobutane pyrim-
idine dimers (CPD); oxidative damage by UV-B is found only at
dosages 10x higher than those for direct damage. Finally, it has
been evaluated if these protective effects are related to a mitiga-
tion of the inflammatory response, by measuring IL-8 release and
activation of the nuclear transcription factor NF-kB.

https://doi.org/10.1016/j.toxlet.2018.06.756

https://doi.org/10.1016/j.toxlet.2018.06.753
https://doi.org/10.1016/j.toxlet.2018.06.754
https://doi.org/10.1016/j.toxlet.2018.06.755
https://doi.org/10.1016/j.toxlet.2018.06.756


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 85

P11-13
Genotoxic damage among Bolivian farmers
exposed to a complex mixture of pesticides

J.X. Barron Cuenca 1,2,∗ , N. Tirado 2, J. Barral 2, P. Almaraz 2,
U. Stenius 1, M. Berglund 1, K. Dreij 1

1 Karolinska Institutet, Institute of Environmental Medicine,
Stockholm, Sweden
2 Mayor of San Andres University, Genetic Institute, Medicine Faculty,
La Paz, Bolivia

Pesticides are well known as chemicals that can increase the risk to
develop cancer by induction of DNA damage and oxidative stress,
especially in populations exposed to them for long periods of time.
Bolivian farmers have been increasing the use of mixtures of pesti-
cides during the last decades to increase their production and their
economy. Chronic exposure to these chemicals, their combined
effects and gene polymorphism can increase the risk of genotoxic
damage, mutagenicity and development of chronic disease.

A cross-sectional study in 297 volunteers from three different
Bolivian agricultural communities was conducted. A survey was
used to assess pesticide exposure. Blood samples were collected
and micronucleus and Comet assays were performed to evaluate
the genotoxic damage. Frequency of (glutathione transferase) GST
null genotypes (GSTM1 and GSTT1) were measured to evaluate the
impact on DNA damage levels.

We found that 75% of the farmers combined several pesticides.
Organophosphates were the most used pesticides (78%), followed
by bipyridyls and pyrethroids (48% and 23%, respectively). Higher
frequency of micronuclei was found in women compared to men
(4.52 vs 3.57, p < 0.05). Farmers who had worked in the field >8 years
had higher frequency of micronuclei compared to farmers who had
worked <8 years (4.23 vs 2.94, p < 0.05). Significant differences in
levels of DNA damage between the three communities were also
found. Notably, for all communities, farmers that obtained infor-
mation about how to handle pesticides from the seller had higher
levels of DNA damage compared to those that got information from
other sources (13.1% tail DNA, p < 0.05). There was no correlation
between lack of personal protection equipment and levels of DNA
damage. We could not find any correlation between DNA dam-
age levels and GST genotype (GSTM1 and GSTT1: 21% and 96% null,
respectively).

In conclusion, organophosphates are the most commonly used
pesticides. Gender, years as farmer and information source are
important determinants for risk of genotoxic damage among Boli-
vian farmers.

https://doi.org/10.1016/j.toxlet.2018.06.757

P11-14
Integrated genotoxicity testing (Pig-a and MNT)
within 28-day mouse study – A case study with
Meptyldinocap metabolite, X12335709

M. Aggarwal 1,∗ , L. Murphy 2, C. Terry 2, E.M. Donner 3
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3 Corteva AgriscienceTM, Agriculture Division of DowDuPontTM,
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Meptyldinocap, a fungicide, is predicted to produce very low lev-
els of a ground water metabolite, X12335709. Meptyldinocap was
found to be non-genotoxic when tested in both in vitro (bacterial
reverse mutation test (Ames test), mammalian cell gene mutation

test (HPRT) and mammalian chromosomal aberration test (HLCAT))
and in vivo (mouse micronucleus test, (MNT)). On the other hand,
X12335709 was negative in the HPRT and HLCAT but positive in the
Ames test. Therefore, an in vivo mutagenicity study was needed to
confirm the in vitro mutagenicity seen in bacteria with X12335709,
and a repeated dose rodent study was required in order to compare
the systemic toxicity of X12335709 with that of meptyldinocap.
These studies were also needed for the identification of an appropri-
ate reference dose (RfD) for human health risk assessment (HHRA).
To address all these issues, an integrated 28-day repeat dose dietary
mouse study was performed at two dose levels which equate to
LOAEL and NOAEL for meptyldinocap. Expression levels of Pig-a
protein (as CD59 marker; Gollapudi et al., 2015) and induction of
micronucleus in peripheral blood were measured in treated and
untreated males. Appropriate positive controls for the Pig-a assay
and MNT were included in the study. The colour of the urine was
similar to the colour of X12335709, indicating that animals had sys-
temic exposure to X12335709. Adverse effects were not observed
at any dose level, and both the Pig-a assay and MNT was negative.
Taken all data together, X12335709 was considered to be non-
genotoxic and meptyldinocap RfD (e.g., ADI) can be used for HHRA
to X12335709. Although a valid OECD test guideline for Pig-a assay
is currently only pending, the assay is described in the literature
sufficiently to be conducted in a standardised and validated man-
ner. Integrating the Pig-a assay (and MNT) within a repeat dose
rodent study is perhaps better option for understanding in vivo
mutagenicity than using the currently available comet (OECD 489)
and transgenic rodent (OECD 488) assays, both from scientific and
3Rs (Replacement, Reduction, and Refinement) perspectives.

https://doi.org/10.1016/j.toxlet.2018.06.758

P11-15
Combined application of comprehensive DNA
analysis for DNA modification and reporter
gene mutation assay to investigation of the
mechanisms underlying hepatocarcinogenicity
of elemicin

Y. Ishii ∗ , L. Shi, S. Takasu, A. Kijima, K. Ogawa, T. Umemura

National Institute of Health Sciences, Division of Pathology,
Kanagawa, Japan

Introduction: DNA adductome analysis using liquid chromatog-
raphy with tandem mass spectrometry (LC-MS/MS) enables
comprehensive monitoring of chemical-specific DNA adducts.
Therefore, combined application of DNA adductome analysis and
reporter gene mutation assay using transgenic rodents is a power-
ful tool for investigating the underlying mechanisms of chemical
carcinogenesis. Elemicin is one of natural alkoxybenzene com-
pounds, and is a flavor component of several plant species such
as nutmeg and mace. Our previous data demonstrated that sig-
nificant increases in the number and areas of GST-P-positive foci
were apparent in 400 mg/kg elemicin group, indicating its hepa-
tocarcinogenicity. However, the underlying mechanisms remain
uncertain. In the present study, to clarify the hepatocarcinogen-
esis of elemicin, we carried out DNA adductome analysis and gpt
assay in the livers of gpt delta rats treated with elemicin by gavage
at doses of 0, 25, 100 or 400 mg/kg/day for 13 weeks.

Results: Comprehensive DNA adduct analysis demonstrated the
existence of several spots as putative DNA adducts at m/z434, 458,
474 and 496. In addition, MS spectrum analyses showed that all
spots are including the fragment ion peaks showing loss of deoxyri-
bose ([M+H-116]+) and cleavage of elemicin (m/z207), indicating
elemicin-specific DNA adducts. Peaks of all adducts were detected
from low-dose group by multiple reaction monitoring (MRM) anal-

https://doi.org/10.1016/j.toxlet.2018.06.757
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ysis, and those areas were increased in a dose-dependent manner.
Significant increases in gpt mutant frequencies in the livers were
detected in rats given 100 mg/kg bw and above.

Discussion: Characteristic fragment ions observed in MS spec-
trum analyses strongly suggested that all spots originated from
elemicin-specific dG, dA and dC adducts. It is highly probable that
these DNA adducts formation is responsible for increases in gpt
mutant frequencies. The present data imply the involvement of
genotoxic mechanisms in hepatocarcinogenesis of elemicin.

https://doi.org/10.1016/j.toxlet.2018.06.759

P11-16
The ToxTracker reporter assay detects indirect
genotoxicity caused by high levels of oxidative
stress

P. van Rossum ∗ , R. Derr, P. Racz, N. Moelijker, I. Brandsma,
G. Hendriks

Toxys BV., Leiden, Netherlands

ToxTracker is a mammalian stem cell-based reporter assay that
detects activation of specific cellular signaling pathways upon
exposure to compounds (Hendriks et Real, Tox Sci 2016). Tox-
Tracker contains six different GFP-tagged reporters that allow the
discrimination between the induction of DNA damage, oxidative
stress and protein damage in a single test.

We first performed an extensive validation using 62 compounds
from the recently updated ECVAM compound library. ToxTracker
classified the genotoxic carcinogens as genotoxic with a sensitiv-
ity of 94%. The non-genotoxic carcinogens and non-carcinogens
were classified as non-genotoxic by ToxTracker with a specificity
of 95%. Interestingly, various compounds that give misleading pos-
itive results in the conventional in vitro genotoxicity assays did not
activate the DNA damage reporters but did induce high levels of
oxidative stress or protein damage in ToxTracker.

To investigate potential indirect genotoxic effects of compounds
caused by high levels of oxidative stress, a selection of different
genotoxic and oxidative compounds was tested in ToxTracker in
the presence of ROS scavengers. For each compound, three concen-
trations that induce 10/25/50% cytotoxicity in the reporter cell lines
were tested in combination with increasing concentrations of the
ROS scavengers. In the absence of the ROS scavengers, all tested
compounds activated the Srxn1-GFP and Blvrb-GFP reporters for
oxidative stress. In the presence of ROS scavengers, the activation of
these reporters was reduced. The complete absence of induction of
the Bscl2-GFP DNA damage marker, that is activated by DNA repli-
cation stress and induction of bulky, promutagenic DNA lesions,
upon exposure to oxidative agents, indicates that the tested com-
pounds did not react directly with the DNA. Also the cytotoxicity
of the oxidative compounds was reduced by the addition of a ROS
scavenger, suggesting that induction of oxidative stress contributes
to cytotoxicity.

In conclusion, the ToxTracker assay in combination with a ROS
scavenger can discriminate between direct DNA reactivity and indi-
rect genotoxicity caused by oxidative stress.

https://doi.org/10.1016/j.toxlet.2018.06.760
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Polycyclic aromatic hydrocarbons in herbal
medicinal products
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Introduction: Polycyclic Aromatic Hydrocarbons (PAH) are ubiq-
uitous contaminant-mixtures that are formed in natural or
anthropogenic combustion processes. By dry or wet atmospheric
deposition or by the formation in thermal processing methods,
PAHs can contaminate herbal substances that are used in herbal
medicinal products (HMP).

Many PAH substances have genotoxic and carcinogenic effects;
others may act as synergists. Different scientific organisations
analysed the risk for human health of PAHs in food and the envi-
ronment. This risk is reflected in the legislation concerning food,
environment and other products, but not for HMPs. Committee
on Herbal Medicinal Products (HMPC) called involved parties in a
reflection paper to join the scientific discussion and collect data
for a further evaluation and the development of an appropriate
guidance.

Methods: A literature research was performed discussing dif-
ferent risk assessment approaches, as the risk evaluation for toxic
mixtures and contaminants in plants is particularly challenging. In
addition PAH contamination data from different studies in medici-
nal plants, spices, tea and herbs was evaluated and compared with
each other and with data from the food sector. PAH was detected
in most of the samples in a broad range of values, showing a need
to discuss appropriate protection measures.

Overall results and conclusion: A future risk management
needs a structured data collection under comparable conditions
generating a broad database and the definition of appropriate
threshold values, which consider contamination levels of herbal
substances, transfer rates for herbal preparations and the overall
consumption rate. PAH contamination can be reduced if harvesting
in industrial areas and bad drying practices are avoided. Washing
was described to reduce PAH content on the surface of plants. For
producers and suppliers of herbal substances and herbal prepara-
tions, the Guideline on Good Agricultural and Collection Practice
(GACP) provides general recommendations that minimise the risk
of contaminated plant material.

If contamination sources cant́ be identified and avoided, only
regular testing embedded in reasonable risk management will reli-
ably detect non-acceptable exposures.

https://doi.org/10.1016/j.toxlet.2018.06.761

P11-18
Genetic toxicological comparison of Extract of
Acer tegmentosum
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2 Seoul National University, Graduate School of Translational
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3 Pharmcross CO. LTD., Chuncheon, Republic of Korea

Acer tegmentosum is commonly used as a traditional medicine
for treatment of liver diseases in the east Asia region. An active

https://doi.org/10.1016/j.toxlet.2018.06.759
https://doi.org/10.1016/j.toxlet.2018.06.760
https://doi.org/10.1016/j.toxlet.2018.06.761


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 87

flavonoid compound of the Acer tegmentosum extract has been
known to have protective effect to liver damage caused by alcohol
consumption, but, little is known about its toxicity. In this study,
the genetic toxicity of extract of Acer tegmentosum was confirmed
by Ames test, chromosome aberration test and in vivo micronu-
cleus test. In the Ames test, Acer tegmentosum extract did not induce
mutagenicity in either Salmonella typhimurium or Escherichia coli
with or without metabolic activation. In the chromosome aberra-
tion test, there was no significant increase in chromatid breaks and
exchanges. In the mouse micronucleus test, there was no significant
increase in the occurrence of micronucleus polychromatic erythro-
cyte. These results suggest that the extract of Acer tegmentosum
induce no genotoxicity under the conditions of this study.

https://doi.org/10.1016/j.toxlet.2018.06.762

P11-19
Genotoxicity testing of lambda cyhalothrin in
fluctuation ames assay and mice bone marrow
micronucleus test

O. Kravchuk ∗ , M. Prodanchuk, N. Nedopytanska, T. Tkachuk,
V. Bubalo, O. Tkachuk, O. Zubko, O. Kostik

L. I. Medved’s Research Center of Preventive Toxicology, Food and
Chemical Safety, Ministry of Health of Ukraine, Kyiv, Ukraine

The synthetic pyrethroids comprise one of the major group of insec-
ticides that are routinely used against indoor and agricultural pests
for more than 30 years. Lambda cyhalothrin is highly toxic to insects
and many fish and aquatic invertebrate species. Toxicological prop-
erties of lambda cyhalothrin are well studied, but the published
mutagenicity data are highly contradictory.

Study of mutagenicity is a mandatory for the toxicological
assessment to justifying pestices usage in Ukraine. For this reason
we conduct full test battery, which includes: in vitro: Ames assay
(OECD 471) and MN assay (OECD 487); in vivo: CA assay (OECD
475), MN assay (OECD 474) and comet assay (OECD 489). Follow-
ing OECD guidelines we modified our SOPs for rapid mutagenicity
screening of well known generic pesticides comply with GLP.

The aim of the study was to research the potential mutagenic
effects of lambda cyhalothrin technical (purity 97,1%) in screen-
ing mice bone marrow MN assay and fluctuation Ames assay
using S.typhimurium TA98, TA100 with/without metabolic activa-
tion, preincubation was 90 min. Selection of concentrations in Ames
test were based on preliminary experiment which was performed
before the main test. In the absence of cytotoxicity and precipita-
tion in preliminary experiment the following concentrations (2.5;
0.5; 0.1; 0.02; 0.004; 0.0008 mg/ml) were defined.

MN test was conducted on certificated CD1 healthy young mice,
male obtained from the SPF animal breeding center of our center.
Acclimatization took 5 days before dosing. One treatment by gavage
was in the doses: 5.0; 1.0; 0.2 mg/kg/bw. Exposure time - 24 hours.

Obtained experimental data of positive and negative controls
were ranged with own historical control. The lambda cyhalothrin
in the MN assay in high concentrations was shown significant
(p ≤ 0.05) increase in the frequency of micronucleated polychro-
matophilic erythrocytes in compation to the negative control and
historical control data. Ames assay results showed statistically sig-
nificant absence of the mutagenic effect.

https://doi.org/10.1016/j.toxlet.2018.06.763
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Cytogenetic activity of
2,6-dimethylpyridine-N-oxide in a test for
induction of chromosome aberrations in mouse
bone marrow cells in vivo
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The cytogenetic activity of 2,6-dimethylpyridine-N-oxide was
investigated in accordance with OECD 475 on young adult mice
CD-1 (males, n = 5 for each group). In the first experiment, CD-1
mice were orally administered 2,6-dimethylpyridine-N-oxide at
doses: 710.0, 71.0, 7.1, 0.71, 0.071 mg/kg and in the second - the
classical inducer of chromosome aberrations Cyclophosphamide
in dose 40 mg/kg and followed by a single oral administration of
2,6-dimethylpyridine-N-oxide in the same doses. Negative con-
trol group received distilled water. Positive control group received
Cyclophosphamide (40 mg/kg orally).

It‘s established, the average frequency of metaphases with
chromosome aberrations in mouse bone marrow cells of the neg-
ative control was 0.20 ± 0.19%, positive control - 14.00 ± 1.55%
(P ≤ 0.001). Under the influence of 2,6-dimethylpyridine-N-oxide
in 2 lower doses, it was 0.20 ± 0.19%, in doses of 7.1; 71.0 and
710.0 mg/kg - 0.40 ± 0.28%, 0.60 ± 0.35% and 0.80 ± 0.40%, respec-
tively (P > 0.05). Under the action of Cyclophosphamide with
2,6-dimethylpyridine-N-oxide at a dose of 710.0 mg/kg, it did
not differ from positive control. With doses decrease of 2,6-
dimethylpyridine-N-oxide, a significant reduction (P ≤ 0.001) of the
average frequency of metaphases with chromosome aberrations
was observed (at 71 mg/kg to 7.80 ± 1.20%; at 7.1 mg/kg - up to
6.20 ± 1.08%; 0.71 mg/kg - up to 5.00 ± 0.97%; 0.07 mg / kg - up to
3.80 ± 0.86%).

Thus, 2,6-dimethylpyridine-N-oxide in the studied doses
doesn‘t induce chromosome aberrations in the mouse bone
marrow cells. On the background of Cyclophosphamide, 2,6-
dimethylpyridine-N-oxide reduced the number of aberrant cells
in doses from 71.0 mg/kg to 0.071 mg/kg with the greatest effect at
0.071 mg/kg (75,86%). This indicates that the 2,6-dimethylpyridine-
N-oxide reduces the mutagenic effect of cyclophosphamide.

https://doi.org/10.1016/j.toxlet.2018.06.764
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Evaluation of Inhaled Low Dose Formaldehyde
Induced DNA Damage by Liquid
Chromatography-Tandem Mass Spectrometry
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As a high volume chemical, formaldehyde toxicity and carcinogen-
esis have been controversial. Previously, we have demonstrated
that exogenous formaldehyde induced DNA monoadducts accu-
mulate in a highly nonlinear manner. However, the effect of low
dose exogenous formaldehyde exposure in the range of regula-
tory limit values is still unclear. In this study, both exogenous and
endogenous DNA monoadduct (N2-HOMe-dG) and DNA-protein
crosslink (DPC, dG-Me-Cys) were measured to assess the accumu-
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lation of DNA adducts arising from the inhalation to 0, 1, 30, 300
ppb [13C2H2]-formaldehyde for 28 days (6 hours/day).

Ultrasensitive nano-liquid chromatography mass spectrometry,
including triple quadruple and high resolution Orbitrap mass spec-
trometer, was used to improve the sensitivity and detection of
DNA monoadducts and DPC. Our data clearly show that low exoge-
nous formaldehyde exposure did not cause detectable amounts of
exogenous DNA monoadducts or DPC in any tissue of exposed rats.
In contrast, endogenous formaldehyde adducts were detectable in
all tissues analyzed, with mean levels ranging from 2.35 to 5.06
adducts per 107 dG and 1.52 to 8.03 adducts per 108 dG for DNA
monadducts and DPC in different tissues, respectively. These novel
findings substantiate the threshold mode of action of carcinogene-
sis and will further improve risk assessment of low formaldehyde
exposures in the range of regulatory limit values.

https://doi.org/10.1016/j.toxlet.2018.06.765
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Investigation of the effects of infrared rays on
DNA strand in hot environment workers by
comet assay
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IR rays extend from the nominal red edge of the visible spectrum
at 700 nm to 1 mm. Occupational exposure of infrared (IR) radia-
tion can emerge in many industrial processes such as bakery, food
processing, glass and porcelain productions, iron foundry and min-
ing. IR radiation has beneficial uses for industrial, scientific, and
medical applications; however, its possible unhealthy outcomes
are unclear. When the thermal comfort conditions are not provided
for the bakery employees, especially in the working environments
with high temperature values, effects such as fatigue, cramps and
heat stroke are observed in the early period. These health prob-
lems arise, in particular, from shorter IR wavelengths. In addition,
there are not enough studies on the genotoxic risks of bakery work-
ers. In the present study, we aimed to investigate the DNA damage
in bakery employees occupationally exposed to the IR rays in hot
environment.

This study was performed with the employees of a bakery com-
pany in Istanbul. A total of 80 male individuals (n = 30, control;
n = 50, subject) were included and all of them were volunteers. Con-
trol group consisted of healthy individuals not exposed to IR rays.
Fresh blood samples were collected from participants and conduct
with the comet assay within the same day to evaluate the DNA dam-
age. The standard protocol for alkaline comet assay was operated
for the lymphocytes of the participants with minor modifications
of Singh et al, 1988. Randomly selected 100 cells per sample (two
duplicate sample slides, 50 cells for each) were scored to count the
percentage DNA in tail (%DNAT) using BAB Bs200Pro image analysis
software (BAB LTD., Ankara, Turkey).

DNA damage assessed in 80 subjects showed that the mean
%DNAT was significantly high (p < 0.001) in occupationally exposed
subjects as 31,61 ± 4,43 compared with unexposed controls
(15,62 ± 3,18). Nonsmoker subjects also showed higher level of the
mean %DNAT (21,79 ± 1,98) respect to controls. In conclusion, we

suggested that, exposure to IR rays may induce genotoxic effect in
the peripheral lymphocytes and smoking has synergistic effect on
DNA damage.

https://doi.org/10.1016/j.toxlet.2018.06.766
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Doxorubicin is a well-known effective chemotherapeutic agent
administrated especially in breast cancer treatments. Despite its
efficacy, doxorubicin causes severe toxicity to most major organs,
especially irreversible cardiotoxicity. In order to manage this dan-
gerous toxicity, a smart therapeutically approach would be the use
of drug – delivery systems for doxorubicin targeted delivery. More,
using a drug – delivery system for doxorubicin could protect the
drug from degradation, improve its therapeutic concentration and
significantly increase its bioavailability. In this view, the aim of our
study was to develop and in vitro validate a nanosized drug delivery
system for doxorubicin based on the natural polymer silk sericin.

After nanoparticle synthesis, the sericin nanocarriers obtained
were characterized in terms of size and morphology. The doxoru-
bicin uptake was determined by UV – VIS spectrophotometry and
the drug release potential was investigated using UV – VIS spec-
troscopy. Using the MCF – 7 breast cancer cell line, the lethal dose 50
(DL50) of the sericin nanoparticles was determined. Moreover, the
toxicity of the unloaded and doxorubicin loaded nanoparticles was
evaluated in MCF – 7 cells after 12 h and 24 h of treatment in terms
of cell viability and proliferation potential, as well as by highlight-
ing the morphological changes that the treatment regimen triggers
in the breast cancer cells. Additionally, the genotoxic potential of
the sericin nanoparticles was also investigated by measuring the
DNA damage induced by treatment through comet assay.

Our results show that we obtained small nanoparticles that
presented the typically round shape morphology. The treatment
with the unloaded sericin nanoparticles did not exert any cytotoxic
effects on MCF – 7 cells as it did not affect MCF – 7 cell viabil-
ity, proliferation potential and morphology and no comets that
indicate DNA damage were observed after comet assay. However,
the treatment of the same cells with doxorubicin loaded sericin
nanoparticles dramatically decreased cell viability and prolifera-
tion potential, altered the extracellular matrix shape and induced
serious DNA damage as numerous comets could be observed after
the treatment.

Doxorubicin loaded sericin nanoparticles exert cytotoxic effects
on breast cancer cells and could be further used for in vivo studies
on animal models in order to better describe their mechanism of
action and to determine their distribution pattern and cleareance.

https://doi.org/10.1016/j.toxlet.2018.06.767
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The Preclinical Phase needs to be completed to initiate Clinical
Phases, which are specially regulated in the research and devel-
opment of new drugs. For substances commercialized differently
to a medicine as a cosmetic, cosmeceutical, supplement or food
there is a void of regulation. Common sense indicates that the safety
assessment is necessary for all types of substances that interact
with humans. Our interest is to characterize the safety of a common
active compound used in cosmetics, the caffeine-alginate methyl-
silanetriol (CAMeSi) whose mechanism of action is inhibiting the
lipoprotein-lipase and direct stimulation to G-coupled receptor
to increase the adenylate cyclase enzyme. In two previous stud-
ies, we determined the DL50 in mice that classified CAMeSi as
a non-toxic compound according to the OCDE guidelines, and a
non-genotoxic agent with the micronucleus test in mouse blood
cells. The objective was to determine if CAMeSi has effects over the
cell proliferation through the ratio of polychromatic erythrocytes
(PE)/normochromic erythrocytes, this ratio reflects the cytotoxi-
city. 5 groups of male mice (n = 5) received a single dose i.p. of:
1) 0.3 mL of butylene glycol-distilled water (negative control), 2)
0.02 mL/Kg CAMeSi, 3) 0.28 mL/Kg CAMeSi, 4) 2.86 mL/Kg CAMeSi
and 5) 60 mg/Kg of ifosfamide, a cytotoxic alkylating agent. Kruskal-
Wallis nonparametric test and Dunn’s multiple comparison test
were applied to data.

Results indicated that the butylene glycol-water mixture was
not a good negative control as it decreased 30% the number of PE,
ifosfamide on the contrary, showed the greatest cytotoxic effect at
72 h (80.5%). On the effect of CAMeSi administered in the 3 cho-
sen doses, the compound modified PE production after 24 h. The
maximum cytotoxic effect was obtained at 72 h with the higher
dose (70.5%), the low and medium doses had a slight recovery,
but the damage on cell proliferation persists (35.4% and 51.2%).
Thus, the CAMeSi showed an evident cytotoxic effect at a biological
level. It is important to carry out other cytotoxicity tests exposing
more animals, since these results suggest the compound presented
variability intersubjects. More studies on CAMeSi are necessary to
clarify the risk of exposing population to this substance.

https://doi.org/10.1016/j.toxlet.2018.06.768

P11-25
Genotoxicity assessment of caffeine-alginate
methylsilanetriol with the mammalian
erythrocyte micronucleus test
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R. Sanchez-Huesca 1, E. Vergara 1,2, J.C. Sánchez-Carrillo 3,
M. Martínez-Briseño 1

1 Universidad La Salle, Grupo de Investigación en Ciencias Básicas y
Clínicas de la Salud. Facultad de Ciencias Químicas, Ciudad de
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2 Instituto Nacional de Cancerología, Unidad Funcional de Oncología
Torácica, Ciudad de México, Mexico
3 Universidad del Valle de México, Ciudad de México, Mexico

Actually, the toxicological evaluation of new compounds is manda-
tory by all regulatory agencies related to health. Due to the impact
of the results of tests that evaluate DNA damage, it is necessary
not only to investigate new molecules but also the existing ones,
especially those that are active ingredients of medicines, cosmetics
and other consumer products. Caffeine-alginate methylsilanetriol
(CAMeSi) is a complex of organic silanol and caffeine, whose syner-
gic activity enhances lipolysis in the adipose tissue. This compound
is part of innumerable formulations of multiple commercial brands
in cosmetic, cosmeceutical and health-care products, then, contact
with general population is already a fact and there’s no evidence
of its possible genotoxic effects, therefore, it is very important to
perform research in this topic.

The aim of this study was to assess the genotoxicity of CAMeSi
in vivo. The experiment was done according to the OECD 474 guide-
line. 25 male mice were organized in 5 groups with 5 individuals
each and were administered intraperitoneally with: 0.3 mL of buty-
lene glycol-distilled water (negative control), three other groups
with CAMeSi (0.02 mL/Kg, 0.28 mL/Kg y 2.86 mL/Kg) and the last
group was treated with 60 mg/Kg of ifosfamide, an antineoplas-
tic alkylating agent known as a MN inductor. A blood sample
from the tail of each mouse was obtained prior administration,
and at 24, 48 and 72 h post-administration; then, were smeared
onto slides, fixed with methanol, stained with Giemsa solution
and observed microscopically to score the rate of micronucleated
polychromatic erythrocytes (MNPE) in 1000 polychromatic ery-
throcytes per mouse. The obtained data was statistically analyzed
with Kruskal-Wallis (p < 0.05) and Dunn’s multiple comparison post
hoc tests.

Ifosfamide increased the rate of micronuclei (MN) from 24 h
(24.7 ± 1.45 MN) and showed the highest effect at 48 h (26.7 ± 1.93
MN). The CAMeSi doses evaluated did not modify the frequency
of MN compared with the negative control group throughout the
experiment (3.85 vs 2.8 MN respectively), therefore it was not a
genotoxic compound under the conditions of the present study.
Based on the results obtained, we suggest to continue with the
characterization of the CAMeSi safety profile.

https://doi.org/10.1016/j.toxlet.2018.06.769

P11-26
Compilation of historical negative and positive
control group data of CHO-HPRT assay as per
OECD guidelines

K.K. Mishra ∗ , K.D. Vashi, I.M. Barad, R.M. Nagane

Jai Research Foundation, Toxicology/Mutagenicity, Vapi, India

The recent revisions of the Organisation for Economic Co-operation
and Development (OECD) genetic toxicology test guidelines (OECD
476) emphasize the importance of historical negative controls both

https://doi.org/10.1016/j.toxlet.2018.06.768
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for data quality and interpretation of results. The objective of the
present paper is to discuss various methods applied to present the
historical control data. In this paper data obtained from more than
20 individual experiments conducted in CHO-K1 cell line, as per the
recent revision of OECD 476 were used for historical control data
compilation. Briefly the cultures were exposed for 4-6 hour expo-
sure period in the absence and presence of metabolic activation
in duplicates. Following treatment the cultures were subcultured
at regular interval and subjected to selective medium for selec-
tion of mutant colonies. At the end of incubation period of 16 days
spontaneous mutation frequency were enumerated. In the present
abstract we have discussed the method to calculate 95% CI and
quality control (QC) methods (i.e. C-Chart).

The laboratory maximum-minimum limits obtained through
mean control limits or range without transformation, affects inter-
pretation of results (or biological relevance) when the study results
are higher than the concurrent control but within the maximum
and minimum mean control limits. Therefore historical control data
transformation using 95% CI was performed.

Results shows that historical control data presentation using
95% CI is more precise and meaningful for acceptance of study and
interpretation of the results.

https://doi.org/10.1016/j.toxlet.2018.06.770

P11-27
Translational regulation of Ercc5 after
benzo[a]pyrene exposure in mouse hepatocytes

E. Smit ∗ , R. Haerkens, J.C.S. Kleinjans, T. van den Beucken

Maastricht University, Department of Toxicogenomics, GROW School
for Oncology and Developmental Biology, Maastricht, Netherlands

Translation of mRNAs is an important part of gene expression.
By controlling mRNA translation, rapid cellular alterations in

protein expression can be achieved under stressful conditions.
Here we aimed to identify translationally regulated mRNAs after
benzo[a]pyrene (BaP) exposure and validate the relevance of a
translationally altered candidate gene. We have exposed primary
mouse hepatocytes (PMHs) to 10 �M BaP for 24 h. Differentially
translated mRNAs were captured and RNAseq was used to assess
changes in mRNA abundance and mRNA translation. From this
analysis, Errc5 was identified as a translationally upregulated gene
after BaP exposure. Errc5 is part of the nucleotide excision repair
(NER) mechanism that removes DNA adducts which for example
are formed after BaP exposure. Ercc5 cuts on the 3’ end of the lesion
and contributes to the removal of the adduct-containing DNA.
Next, we confirmed translational regulation of Ercc5 in immor-
talized mouse hepatocytes (AML-12). Exposure to 10 or 20 �M
BaP for 24 h increased mRNA translation of Errc5 without affect-
ing total Ercc5 mRNA levels, confirming the findings in the PMHs.
To study the biological relevance of Errc5 for the cellular response
to BaP we have established AML-12 cell lines with stable Ercc5
knock-down using two different lentiviral small hairpin RNAs
(shRNAs). Our preliminary results suggest that shErrc5 cells are
more sensitive to BaP exposure compared to cells expressing a
control shRNA when using cell survival and viability as an end-
point. We are currently conducting studies with shErrc5 cells to
determine the impact on DNA adduct levels after exposure to
BaP. Furthermore, we will determine which upstream signaling
events trigger increased mRNA translation of Errc5 in response
to BaP.

https://doi.org/10.1016/j.toxlet.2018.06.771
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Poster viewing 2
P12 – Human and Environmental Risk Assessment

P12-01
Role of in silico tools and text mining in the risk
assessment of selected alkaloids

L. Sousselier 1,∗ , G. Raitano 2, M. Petoumenou 2, E. Benfenati 2,
N. Nguyen 3, S. Ananiadou 3, Q.T. Do 4, E. Olivier 5, S. Michel 5,
P. Rat 5

1 UNITIS, Paris, France
2 Istituto di Ricerche Farmacologiche Mario Negri, Milano, Italy
3 National Centre for Text Mining, University of Manchester,
Manchester, UK
4 Greenpharma, Orléans, France
5 Laboratoire de Chimie-Toxicologie Analytique et Cellulaire,
Université Paris Descartes, Paris, France

Objective: Plant extracts are widely used, especially in food sup-
plements and cosmetics. Their complexity and, for cosmetics,
that animal tests are no longer possible, warrants an innovative
approach based on natural molecules to allow for their risk assess-
ment. This study outlines new methodologies developed in the
frame of the NCSTOX project to undertake safety assessments of
alkaloids based on in silico tools and text mining.

Methods: Instead of assessing each extract, information was
gathered on all plant constituents. Focusing on alkaloids, which are
present in numerous plants and known to exhibit safety concerns,
we validated the methodology.

An innovative multi-step text mining approach, using the inte-
grative ARGO workbench, was combined with the use of various in
silico models, including those of VEGA platform, to predict safe lev-
els of use based on 3 key endpoints: genotoxicity, systemic toxicity
and sensitization. Critical compounds were identified as those asso-
ciated with genotoxicity or classified as regulated allergens. Other
molecules were classified according to a Threshold of Toxicological
Concern (TTC) approach.

Results: Information on 3500 alkaloids was compiled. Out of
them, 300 underwent a full safety assessment and the others were
screened in silico. Read across was further performed among the 24
different molecular groups.

Around 30% are classified as genotoxic, specially acridones. Non-
genotoxic molecules were almost exclusively belonging to Cramer
class III.

On a third endpoint: sensitization, half of the molecules are
classified as skin sensitizers.

Conclusions: The safety assessment of selected alkaloids vali-
dated a new methodology to establish the toxicological profile of
plant constituents. Using text mining methods, we curated a novel
database to provide the scientific community with animal-free, safe
levels of use for plant constituents.

https://doi.org/10.1016/j.toxlet.2018.06.772

P12-02
In vitro alternatives for assessing human safety
of botanical mixtures
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As complex mixtures, botanicals present unique challenges when
assessing safe use, particularly when endpoint gaps exist that can-
not be fully resolved by existing toxicological literature. Obtaining
data for developmental and reproductive toxicity can be partic-
ularly difficult, and so a weight of evidence strategy for these
endpoints will be illustrated which utilizes new in vitro approaches.
Both receptor binding, enzyme activity assays and gene expres-
sion studies have been explored as tools to inform on modes of
action. Several extracts of both botanicals suspected to have repro-
ductive effects and herbs with a significant history of use were
tested against a suite of receptors and enzyme activity assays at bio-
logically relevant doses to probe developmental and reproductive
activity at a molecular level. Additionally, gene expression changes
in a number of different cell types were analysed using the connec-
tivity mapping approach to identify major modes of action through
a functional read across approach. Together, these two data streams
have been shown to increase confidence in predictions of botani-
cal biological mode of action, and allow for assessment of relative
potency in the decision making process.

https://doi.org/10.1016/j.toxlet.2018.06.773
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Genes associated with Parkinson’s disease
respond to increasing polychlorinated biphenyl
levels in the blood of healthy females
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J.C.S. Kleinjans 1

1 Maastricht University, Toxicogenomics, Maastricht, Netherlands
2 University of Luxembourg, Luxembourg Centre for Systems
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3 Umeå University, Department of Biobank Research, Umea, Sweden
4 Istituto per lo Studio e la Prevenzione Oncologica, Florence, Italy
5 National Institute for Health and Welfare, Department of Health
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Polychlorinated biphenyls (PCBs) are widely spread in the envi-
ronment, and commonly found in human blood. PCBs have been
suggested to be linked to Parkinson’s disease (PD), and non-
coplanar PCBs 138, 153, and 180 were shown to have accumulated
to a higher level in the brains of female PD patients [1]. To eluci-
date the association between PCBs and PD risk we applied whole
genome gene expression analysis in blood cells from PCB-exposed
subjects.

The relationship between gene expression in blood cells and
exposure levels of PCBs 118, 138, 153, 170, and 180, was studied in
healthy individuals from two European cohorts (369 females, 280
males) using linear mixed model analysis. Significantly expressed
gender-specific genes were selected for the individual PCBs, and

https://doi.org/10.1016/j.toxlet.2018.06.772
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compared to gene expression data available from the SN of
deceased PD patients, to determine similarities.

In particular among females, blood levels of non-coplanar PCBs
153, 170 and 180 were associated with genes specifically related to
PD, while none were detected among males. Among these females,
39 genes were discovered which were previously shown to dis-
play similar changes in expression levels in the SN of deceased PD
patients. Especially among the down-regulated genes, transcripts
of genes involved in neurotransmitter vesicle-related functions
were predominant.

These investigations support the potential of PCB exposure as
a PD-risk factor, and suggest an interesting overlap between the
response of brain and blood cells.

Reference

Hatcher-Martin, J.M., Gearing, M., Steenland, K., Levey, A.I., Miller, G.W., Pennell,
K.D., 2012. NeuroToxicology. 33.
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Ecotoxicological and toxicological assessment
of substances in wastewater: making an
informed decision
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1 Lonza AG, Basel, Switzerland
2 Arcadis Schweiz AG, Zurich, Switzerland

Toxicological evaluation of chemicals has been in place for many
decades. A number of health based exposure limits (HBELs) such
as Occupational Exposure Limits (OELs) for workers or Permit-
ted Daily Exposure (PDE) limits for patients have been used to
safely manage worker, patient, and general population health
hazards. Conversely, ecotoxicological evaluation of chemicals is
currently gaining momentum, especially when it comes to phar-
maceuticals in the environment, for which, in the context of
Marketing Authorization Applications (MAA), Environmental Risk
Assessments (ERA) have to be performed. In contrast to the limits
calculated for humans, the outcome of the ERA is a risk calculation
based on a Predicted No Effect Concentration (PNEC) for aquatic
species from three trophic levels but not considering the potential
use of impacted water for drinking water production. There is a
large data gap with respect to PNECs for the non-pharmaceuticals
(e.g. chemicals), while OELs and even PDEs might be available.

We have evaluated data gaps for ecotoxicological and toxico-
logical hazards of chemicals produced and used at a multipurpose
manufacturing site in Switzerland. We are proposing a decision
tree to identify priority substances based on existing toxicological
and ecotoxicological data with the aim of reducing emissions and
filling knowledge gaps for possible technical measures to reduce
their emissions in wastewater in line with Swiss regulatory require-
ments. Additionally, we are presenting a case study for one of the
large volume chemicals.

https://doi.org/10.1016/j.toxlet.2018.06.775
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Subchronic inhaling toxicity study of
diphenylcyanarsine in SD rats
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Objective: Diphenylcyanarsine(DC) is a irritating agent. Subchronic
inhaling toxicity study of DC in SD rats had been done and provided
the basis for establishing the environmental protection standard.

Methods: The groups of 20 SD rats of each sex were inhaled
exposure with 0, 0.00036, 0.0011 and 0.0031 �g/L of DC for 6 h/d,
5d/w for 13 weeks by dynamic inhaling exposure device. The gen-
eral physical conditions of rats had been observed everyday. The
body weight of rats were measured and the mean food intakes
per 100 g BW were calculated every week. The eyes and the main
breath indexes of rats had been examinated in the end of exposure.
Hematological and blood biochemical indexes were analyzed and
histopathology observation were evaluated in one quarter of rats
every month.

Results: The results indicated that a few rats emerged irritat-
ing effects, such as scratching mouth, washing face, shedding tears
and blood trace in eyelids side after 15-40 days of exposure in
0.0031 �g/L group. The individual animals emerged blood trace
in eyelids side after 60 days of exposure in 0.0011 �g/L group.
The results of the eyes check indicated that 12/19 rats emerged
median conjunctival congestion in 0.0031 �g/L group and 5/20
rats emerged slight conjunctival congestion in 0.0011 �g/L group.
The tidal volume of rats were significantly declined in 0.0031 �g/L
group compared with that of the control group. The average red
blood cell volume, hemoglobin content and the thrombocytocrit
were significantly increased in 0.0011 and 0.0031 �g/L group. The
concentrations of K, TP, ALP and the activity of LDH of serum were
increased in high and median dose group, the concentration of glu-
cose was significantly declined and the concentration of BUN was
significantly increased in high dose group after 90 days of expo-
sure. The female showed profound toxic effects compared with the
male. The damages of throat, windpipe, lung, liver, kidney were
more obvious in the rats exposured to high dose DC for more than
30d, while the damages of these organs were obvious in the rats
exposured to the median dose of DC for 90d. These damages of
organs were reversible.

Conclusions: The main target organs of toxic effects of DC on the
rats (ih) were throat, windpipe, lung, liver, kidney. The estimated
dose of NOAEL for DC was 0.00036 �g/L and LOAEL was 0.0011 �g/L
in SD rats inhaled exposure for 13 weeks.

https://doi.org/10.1016/j.toxlet.2018.06.776
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An integrated understanding of metabolic
processes relevant to mammalian and
environmental toxicology in the context of
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An integrated approach to the understanding of effects, including
the significance of metabolic processes, is highly desirable in a reg-
ulatory context such as REACH, for reasons explained in this poster.
The integration of health and environmental regulatory endpoints
can help to maximise the scientific credibility of chemical safety
assessment. It is a common problem that data used for regulatory
purposes have not been integrated across the endpoints.
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This poster shows how there can be substantial overlap in the
scientific issues affecting human and environmental toxicology;
at an overview level, the example of alkanes and aliphatic alco-
hols is presented, alongside wider discussion. They are considered
together due to the common metabolic issues: alkanes and alcohols
metabolise via aliphatic acids. The metabolites are of significance
biosynthetically.

The pathways themselves are shown, taken from standard lit-
erature sources. These pathways are highly conserved in mammals
and micro-organisms alike. Bacterial degradation is critical for the
understanding of fate of the substances in waste water treatment,
surface water and soil.

Where hazard exists, the REACH Regulation calls for the set-
ting of a derived no-effect level (DNEL) for comparison with human
exposure levels. A predicted no-effect concentration (PNEC) to pro-
tect ecosystems is derived from available laboratory studies. The
toxic effects of alkanes and alcohols in mammals are (with specific
exceptional compounds) limited to local effects and are reviewed
briefly. For aquatic organisms, hazards are found in laboratory stud-
ies. The significance of these observations, given the essentiality of
the substances, is reviewed.

Given the essentiality of alcohols and acids it is highly ques-
tionable as to whether the standard ‘assessment factor’ approach
is relevant to substances such as alkanes or alcohols. An alternative
approach applicable to all aspects of (eco)toxicology, is suggested.
In summary, this requires the assessor to consider the significance
of the hazard and to limit how low a DNEL or PNEC can be, based
on the natural exposure concentrations in the bodies of organisms.

https://doi.org/10.1016/j.toxlet.2018.06.777
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Rapid agricultural, medical and industrial development is occur-
ring on a global scale and bringing with it emerging environmental
threats for humans. Contamination by rare earth elements (REE)
has emerged as a public health concern due to their numerous
applications in the modern industry. However, little is known about
their toxicological effects despite their accumulation in different
organs including brain and bone. To determine exposure to these
contaminants in a young Spanish population, scalp hair samples
were collected in 37 young adults (20 to 24 years-old; 28 female and
9 male) from different towns in the Community of Madrid (Spain).
Despite being controversial, human hair could be an appropriate
tool to determine environmental exposure to inorganic metal con-
taminants and to estimate the chemical burden in the individual.
Lanthanum (La), cerium (Ce), praseodymium (Pr), erbium (Er) and
gadolinium (Gd) were analysed in these samples by ICP-MS fol-
lowing appropriate methodologies. The limits of detection were (in
ng/g): La (1.87), Ce (4.29), Pr (0.47), Er (0.06) and Gd (0.24 ng/g). Gd
was detected in only one of the monitored samples (2.66 ng/g). The
concentrations were as follows (median and interquartile range are
provided in ng/g): La 5.30 (4.22, 7.13), Ce 11.18 (8.97, 15.45), Pr 1.28
(1.04, 1.72) and Er 0.19 (0.14, 0.28). In general, the presence of these
metals in the Spanish group’s hair samples were lower than those

reported in environmentally exposed groups, which may indicate
that the studied group would have a low exposure to REE. None
of these elements showed influence due to sex, although slightly
higher levels were observed for La (5.57 vs. 5.17 ng/g), Pr (1.40 vs.
1.27 ng/g), Nd (2.48 vs. 2.29 ng/g) and Er (0.21 vs. 0.19 ng/g) in men’s
hair and in women’s hair for Ce (11.58 vs 10.30 ng/g). Our results
would be in agreement with those studies that have suggested that
men may be more sensitive to REE than women.
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Fine particulate matter (PM2.5) has been paid much attention in
recent years. This study aims to analyze the scientific output and
investigate the trend of PM2.5 research. PM2.5 related publications
from 2007 to 2016 were retrieved from the Web of Science Core
Collection database. Microsoft Excel 2016 and CiteSpace V soft-
ware analyzed publication trend, countries/territories, journals,
institutions, research areas, authors, citation counts and research
frontiers. As a result, a total of 13681 papers on PM2.5 research
were published by with a time limit of December 1, 2017, and
the quantity of publications on PM2.5 continued to grow. The USA
had the most publication (5941), citation (217,009) and H-index
(172), followed by China, considered as the leading countries in
this field. The journal Atmospheric Environment had the highest
number of publications. Querol X has published the most papers
(187), and Pope CA had the highest co-citation counts (5019) in
this field. Furthermore, “climate-change,” “cardiovascular mortal-
ity,” and “long-term exposure” are becoming popular and should be
closely observed in this field. In conclusion, PM2.5 is closely related
to people’s long-term health and we should understand it better,
study it deeper, and try our best to reduce it.

https://doi.org/10.1016/j.toxlet.2018.06.779
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A key event of the adverse outcome pathway (AOP) for skin sen-
sitization is the activation of dendritic cells. In an attempt to
integrate the impact of the skin environment created by stratified
keratinocyte layers on the activation of dendritic cells, we investi-
gated whether available 3D reconstructed human epidermis (RHE)
models can be cocultured together with THP-1 cells, as surrogate
dendritic cells, to assess chemical-induced dendritic cell activa-
tion in vitro. For this purpose, THP-1 cells were placed underneath
the RHE, which was topically exposed to increasing concentrations
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of chemicals with variable physicochemical properties and with
different reaction mechanisms and sensitizing potential (eugenol,
coumarin, ascaridole, cumine hydroperoxide and dibutylanaline).
Cell surface expression of the costimulatory molecule CD86 and
the adhesion molecule CD54 on THP-1 cells were analyzed by
flow cytometry. Preliminary results are promising and we conclude
that the coculture THP-1/RHE may allow the investigation of com-
pounds with varying physicochemical properties and exposure at
the air liquid interface.

https://doi.org/10.1016/j.toxlet.2018.06.780
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In silico approaches and read-across are recognized as prelimi-
nary concept to perform a safety assessment (SA) without animal
testing. To facilitate read-across, various in silico tools were devel-
oped in recent years, providing the basis for a next generation SA
strategy. In addition, several authorities (ECHA, OECD and ECETOC)
published related guidance documents. However, there is limited
consensus in how to select and use each tool. Taking the first step
towards clarification of this issue, several case studies were per-
formed using raw materials such as hydrogenated polyisobutene
and 2-ethylhexyl 12-hydroxystearate as well as a complex mixture
of fatty acids. The aim was to establish a feasible SA strategy based
on a combined use of available in silico tools. The general toxicity of
compounds was assessed by means of the three tools AMBIT, COS-
MOS and ToxRead in order to select similar chemicals based on their
chemical structure. The tools use different chemical descriptors
and algorithms to calculate the pairwise similarity of compounds.
Physico-chemical properties were evaluated by EPI-SUITE. The sen-
sitization potential was predicted via TIMES-SS, followed by a
quantitative risk assessment (QRA) using literature-based EC3 val-
ues. Although there is no clear definition for the threshold used to
define an acceptable pairwise similarity of chemicals, retrospective
analysis of published read-across case studies revealed that a simi-
larity of 70% seems to be acceptable. AMBIT, ToxRead and COSMOS
proposed differential but also overlapping analogues for the differ-
ent compounds. The most conservative toxicological profile (e.g.
lowest NOAEL) was selected among the identified analogues to per-
form the SA. TIMES-SS evaluation of the complex mixture identified
nine of twelve fatty acids as non-sensitizer, while the remaining
three fatty acids were predicted to have a weak to strong sensitiz-
ing potential. QRA based on the EC3 values of these three fatty acids
indicated that no sensitization risk must be considered under the
expected consumer exposure level. In summary, our case studies
showed that a combined use of different in silico tools can result
in a sufficient conservative SA. Moreover, several known chemical
spaces can be covered complementarily by a combination of tools.

https://doi.org/10.1016/j.toxlet.2018.06.781
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Consumer exposure to cosmetic (personal care) products is
mostly by dermal contact. However, additional considerations with
regards to potential inhalation exposure from some cosmetics, such
as sprays and powders, may be needed for a robust and reliable
safety assessment.

To get a deeper understanding of the exposure to airborne par-
ticles from loose or pressed powders during product application,
sufficient data on their diameter and typical doses are key. Our work
describes the principles for inhalation exposure to such solids, and
the derivation of safe exposure levels for cosmetic powder prod-
ucts. The general principles described herein are the same as for
spray products as published earlier (Steiling et al. 2014). However,
in contrast to liquids, where droplet maturation is important when
the product is sprayed, airborne powders do not typically exhibit
maturation, although aggregation and/or agglomeration of parti-
cles may occur. Moreover, certain characteristics of the powder
like its dustiness also need to be considered. We have developed a
decision tree with the basic elements of a tiered inhalation safety
assessment approach for the different kinds of powder formula-
tions. Furthermore, an overview of existing available inhalation in
silico prediction models and real-time measurement approaches is
given, as well as typical habits and practices data which are needed
for the risk assessment of powder formulations following the tiered
approach.

https://doi.org/10.1016/j.toxlet.2018.06.782
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The research project aims at the development of an animal-free
testing strategy for the prediction of respiratory toxicity in vitro
(funded by German Federal Ministry of Education and Research;

https://doi.org/10.1016/j.toxlet.2018.06.780
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Acronym: AeroSafe, 031L0128A-D, 2017–2020). Overall goal is
to reduce the number of animal experiments needed for safety
assessment by establishing a standardized in chemico/in vitro test
strategy. Based on available in vivo data of the test materials and
mechanistic knowledge, AeroSafe focuses on inflammatory effects,
modulation of epithelial barrier function and activation of the
innate immune system. AeroSafe pursues to establish the simplest
and most convenient but appropriate test strategy. We include
approaches for analyzing protein reactivity and effects on target
cells, imitating the complex in vivo situation. Starting from the
first line of defense in the alveolar region, AeroSafe is focusing on
macrophages followed by coculture of macrophages with alveolar
epithelial cells, and consequently further target cells, both using
cell lines and primary cells. Add on, delivery of test materials via
exposure chambers is included. The Research strategy is clearly
structured in a bottom-up approach – from in chemico and/or single
cell cultures to complex cocultures. In doing so, we will select the
number of models required to assess respiratory toxicity.

In sum, AeroSafe includes testing of representative structures of
three different classes with in total 30 different materials consisting
of nanomaterials, pharmaceuticals and low molecular weight res-
piratory allergens. Obtained in chemico/in vitro data will be used for
comparison with available in vivo findings. Consequently, single or
multiple test strategies will be deduced. The outcome of AeroSafe
is expected to considerably contribute to significantly reduce the
currently high number of so far indispensable animal experiments.

https://doi.org/10.1016/j.toxlet.2018.06.783
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Climatic factors and aflatoxins occurrence in
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Aguascalientes, Mexico
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Aguascalientes, Mexico

Aflatoxins (AF) are toxic, immunosuppressive and carcino-
genic compound; AF often contaminate agricultural commodities
intended for human and animal consumption. AF are produced
as secondary metabolites of Aspergillus spp., which can be influ-
enced by water-temperature stress. The objective of study was to
evaluate the association between climatic factors and the occur-
rence of AF contamination in the dairy feed and their residues
in milk. Three dairy farms (DF) located in Aguascalientes, Mexico
(21◦48’N, 102◦03’ W; 2000 mamsl; semi-temperate climate) were
selected by non-probabilistic convenience method. DF were moni-
tored monthly for two years (2015–2016). AF were tested by HPLC
and ELISA in 266 samples of total mixed feed and 156 samples of
raw milk; samples were obtained directly from each feeder and
from the milk collection tank for each batch of dairy cows. The cli-
mate information of the near (<15 km) Huizache Weather Station
(Num. 48291) of the National Network of Stations of the INIFAP
was accessed; data were analyzed by one-way ANOVA, logistic
regression and correlation using statistical software. AF contam-
ination were detected in 99% of feed samples and 27% of milk
samples; one sixth of them (17.3 and 16.7%) with AF concentra-
tions above the maximum permissible limit (MPL, 20 �g/kg and
50 ng/kg). The AF concentration in the cows diet were positively
associated (p < 0.05) with the daily average temperature (DAT) and
precipitation (DAP; p < 0.01, R-square 37.6%); DAT and DAP, in turn,

were associated with relative humidity and potential evapotran-
spiration. Other participating factors (cold hours, radiation, wind,
and annual or DF-associated effects) did not show statistical sig-
nificance. Compared to autumn and winter, the summer season
recorded a higher DAT (18.2–18.7a, 15.4–15.9b and 13.9–14.5c ◦C,
IC 95%, Tukey’s HSD test); but due to lower rainfall, spring had the
highest DAT (19.6–20.2 ◦C, p < 0.05). Consequently, the incidence of
milk and feed samples with AF above MPL were higher in the sum-
mer than in autumn and winter (Relative Risk: 1.4, 12.9 and 1.6,
5.4, respectively), but not that spring (0.9 and 1.0). These results
suggest that the AF occurrence in the dairy food chain is related to
DAT-DAP combination, so it is expected that the risk of exposure
and damage may increase in predictable global warming scenarios.

https://doi.org/10.1016/j.toxlet.2018.06.784
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The TTC is a pragmatic risk assessment screening tool to establish a
safe exposure level for substances without an adequate toxicologi-
cal data set. This approach has found acceptance among regulators
globally. However, since the Munro database for non-cancer end-
points, on which the TTCs for non-genotoxic compounds were
based, did not contain any organosilicon compounds, some reg-
ulators exclude this substance class from the TTC approach.

We evaluated all public available robust study summaries of oral
repeated dose and reproductive/developmental toxicity studies of
organosilicon compounds to confirm whether the TTC approach can
also be applied to this chemistry. Only studies that were found to be
adequate for the use as stand-alone studies for human health risk
assessment were taken into consideration. If more than one study
was available per substance, the one providing the most human
relevant point of departure for risk assessment was chosen as the
key study for this project.

Reliable and relevant high-quality key studies for 46 differ-
ent organosilicon compounds could be identified, representing the
chemical space of low molecular weight siloxanes, silanes and
silanols. For repeat dose studies uncertainty factors were used to
extrapolate to chronic exposure.

All identified NOAELs, with appropriate uncertainty factors,
were compared to the Munro Cramer Class III TTC threshold, the
default substance class for silicon-containing substances. Based on
this comparison, in all cases, the derived human risk values for
silicon-containing substances were greater than the Cramer Class
III threshold.

https://doi.org/10.1016/j.toxlet.2018.06.785
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Updates and overview of derivation of subacute
guidance values for contaminants in drinking
water in Japan
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Kanagawa, Japan
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The health-based values for lifetime exposure of contaminants in
drinking water have been established as “Drinking Water Quality
Standards (DWQS)” and notified as target values for “Complimen-
tary Items” of the DWQS under the Japanese Water Supply Act. In
addition to these two criteria lists, chemicals that can be detected
in natural water sources but not yet managed are listed as “Items
for Further Study” because of provisional risk assessment. We pre-
viously derived Subacute Reference Dose (saRfD) for 35 chemicals
from the above three criteria lists to propose the subacute guid-
ance values. We present the latest updates for 8 chemicals listed as
“Items for Further Study” and an overview of our work. To derive
the saRfD, the NOAEL or BMDL10 of a one to three-month study was
basically used, and a total uncertainty factors of 100 was gener-
ally applied. Three out of 8 chemicals were genotoxic carcinogens.
Therefore, 10 times of the Virtual Safe Dose at 10−5 risk was defined
as the saRfD for these chemicals. The saRfD for perchloric acid was
evaluated as same as a TDI, because the TDI was based on the
human short-term effect. By using the saRfDs, subacute guidance
values were culculated. The most of subacute guidance values for 43
chemicals became three to several dozen times as high as the corre-
sponding health-based values for lifetime exposure. Especially, as
for genotoxic chemicals or reproductive toxic chemicals, the sub-
acute guidance values are less than ten times. Sources of water
supply can be transiently influenced by local weather or chemical
accidents. In such cases, the subacute reference values we proposed
are considered to be useful for risk management.

Acknowlegment: This study was supported by a Health and
Labour Sciences Research Grant (H28-Kenki-Ippan-005) from the
Ministry of Health, Labour and Welfare, Japan.
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Pro-inflammatory responses to PM0.25 from
airport and urban traffic emissions

R. He

RIVM, Bilthoven, Netherlands

Due to the rapid development of the aviation industry and high
demand for air transportation, the concomitant airport pollution
has attracted increasing attention in recent years. Airport particu-
late matter (PM) emissions are the known source of air pollution
in the proximity of an airport. Often large airports are located near
metropolises, and airport emissions may have a potentially con-
siderable impact on public health in the surrounding urban areas.
However, little is known about the sources that are relevant to air
quality and health in the vicinity of airports. Therefore, the effect
of the chemical composition of airport-related particulate matter
(PM) on adverse health risks was investigated in comparison to
urban traffic emissions.

PM0.25 were collected at the Los Angeles International Airport
(LAX) and at a central Los Angeles site (University of Southern
California, USC campus), along with PM2.5 collected directly from

turbine and diesel engines. The chemical composition, oxidative
potential (OP) (measured by means of ascorbic acid (AA), and elec-
tron spin resonance (ESR)) of particles as well as the reactive oxygen
species (ROS) activity, inflammatory potential (interleukin (IL) 6
and 8 and tumor necrosis factor (TNF) – � release) and cytotoxicity
on human bronchial epithelial (16HBE) cells were assessed. From
the results we obtained, chemical composition measurements con-
firmed that aircraft emissions were the major source to LAX PM0.25,
while the sources of USC samples were more complex, including
traffic emissions, suspended road and soil dust, and secondary sul-
fate. The traffic-related transition metals (Fe and Cu) in LAX and
USC samples mainly affected OP values of particles, while multi-
ple factors such as compositions, size distribution and internalized
amount of particles contributed to the promotion of ROS gener-
ation in 16HBE cells during 4 h exposure to 10 �g/mL particles.
Internalized particles in cells might also play an important role
in activating inflammatory responses during cell recovery period,
with LAX particles being more potent.

Our results demonstrate considerable toxicity of airport-related
particles, even at low exposure concentrations, which suggests that
airport emission as source of PM0.25 may also contribute to the
adverse effects on public health attributable to PM. The potency
of such particles is in the same range as those collected at a site in
urban area with dense traffic.

https://doi.org/10.1016/j.toxlet.2018.06.787
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As a group of emerging unregulated disinfection by-products
(DBPs) in drinking water, N-nitrosamines are perceived to pose
a greater health risk due to their strong carcinogenicity and
mutagenicity. In this study, the presence of nine nitrosamines in
source water and finished water from eleven drinking water treat-
ment plants in Nanjing with a low incidence and Huaian with
a high incidence of esophageal cancer was evaluated by a solid
phase extraction-gas chromatograph-mass spectrometry (SPE-GC-
MS) method in March, October 2017 and January 2018. Overall,
N-nitrosodipropylamine (NDPA), N-nitrosodibutylamine (NDBA)
and N-nitrosopyrrolidine (NPyr) topped the first three commonly
detected nitrosamines list and the detection rate was 71.0, 48.4 and
37.1%. The highest concentrations of them in source water were up
to 119.8, 57.3, 22.9 ng/L, and in finished water were 58.3, 51.0 and
21.0 ng/L, respectively. The occurrence of N-nitrosodimethylamine
(NDMA) was in 19.3% of water samples and the average and
maximum value were 2.2 and 49.4 ng/L. Meanwhile, the aver-
age exposure level of total nitrosamines in source water was 2.9
times as high as that in finished water. Seasonal distribution of
total nitrosamines showed that samples in October had the high-
est level, followed by January and March. It was obviously high
to compare detection rate and concentrations of NDPA, NDBA,
N-nitrosodiethylamine (NDEA) and total nitrosamines in water
samples from Huaian with these of water samples from Nanjing.
The risk level indicated that the average carcinogenic risk of total
nitrosamines in finished water from Huaian district was 4.8 times
that of Nanjing. Among them, NDPA, NDBA and NDEA were the
main carcinogenic risk contributor for waters from Huaian, and

https://doi.org/10.1016/j.toxlet.2018.06.786
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NDMA was the major risk contributor for waters from Nanjing.
These findings showed that N-nitrosamines were popular in drink-
ing water and may be a potential health risk factor for population
and the local water environment. It is very important for regulators
to reinforce evaluation of the health risk with long-term exposure
to N-nitrosamines in drinking water. (Supported by National Nat-
ural Science Foundation of China, 81573191).

https://doi.org/10.1016/j.toxlet.2018.06.788

P12-18
Assessing acute inhalation exposure to
hydrogen fluoride from thermal runaway of
lithium-ion batteries

J. Hercegovac 1,∗ , J. Frangos 2

1 Golder Associates, Melbourne, Australia
2 CDM Smith, Melbourne, Australia

Lithium-ion battery storage is becoming more frequent as the use of
this technology increases due to their high energy and power densi-
ties. Exceeding the thermal stability limits of a lithium-ion cell can
result in thermal runaway and such failures can generate intense
heat, smoke and toxic gases. A human health and toxicological risk
assessment of hydrogen fluoride (HF) was undertaken for a lithium-
ion battery testing facility to assess potential HF exposures to staff
if thermal runaway of lithium-ion battery occurred during testing.
While instances of thermal runaway occurring are rare, assess-
ment of risk to worker health was still recommended. The project
required consideration of acute exposure duration (seconds) under
a defined workplace scenario. The key exposure pathway assessed
was inhalation as HF is readily absorbed in the upper respiratory
tract which presents the most sensitive target of acute toxicity.

The assessment required estimation of emission rates for HF
and subsequent conversion to HF indoor air concentrations. Emis-
sion rates of HF depended on the state of charge of the batteries
and this was also incorporated in modelled scenarios adding to
the complexity and range of results. Due to the acute exposure
durations assessed (5 to 15 s) obtaining appropriate short-term
acute exposure standards or toxicological guidelines was a chal-
lenge. Occupational exposure limits and emergency guidelines
were considered and Haber’s Law was used for time-scale down-
ward extrapolations of the selected acute guidelines.

The results showed that the modelled indoor air concentrations
exceeded the selected guideline and the potential health conse-
quences required further analysis. A toxicological assessment of
the concentration-time response was undertaken to characterise
potential risks to workers. Combining risk assessment princi-
ples with toxicological understating of HF behaviour allowed a
more detailed assessment of the actual (likely) risks. Considera-
tion of mitigation measures was then undertaken to provide an
aid in reducing the risks inferred by the study. The project illus-
trated the challenges and complexities in assessing rare emergency
exposure scenarios that may not fall within the routine guidance
and methodologies employed in environmental contaminants risk
assessment.

https://doi.org/10.1016/j.toxlet.2018.06.789
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The concern about container-content interactions has really
increased this last decade, especially with the growing preoccu-
pation about endocrine disruptors. In fact, lots of plasticizers are
endocrine disruptors and are able to migrate from packagings into
products. In cosmetic industry, these studies are complicated since
no protocol exists in actual regulations. Moreover, there are no
acceptance thresholds available for potential contaminants. In this
context, a strategy of risk evaluation were developed, combining
migration tests and safety evaluation for container-content inter-
actions. Due to the complexity of cosmetic matrices, the study were
made on simulants, as for studies in food industry. In a previous
work, aqueous simulants such as water or ethanol were used to
develop the strategy. Positive results led to extend this work to
oily simulants that represent an important part of beauty prod-
ucts. Unlike aqueous simulants, oily simulants cannot be directly
injected into the analytical system. An extraction step is neces-
sary. In order to obtain the best results possible, two extraction
methods were compared: liquid-liquid extraction and solid phase
micro-extraction (SPME). Liquid paraffin and glycerin were chosen
as oily simulants, and put in contact with eleven selected plastic
packagings. As for aqueous simulants, 12 potential contaminants
were screened: 10 phthalates, bisphenol A and distearyl thiodipro-
pionate (European Pharmacopoeia plastic additive n◦17). After one
month at 50 ◦C and extraction steps, the oily simulants were ana-
lyzed by GC-MS and obtained results were evaluated using a safety
evaluation developed specifically for this study. This work complete
the container-content interactions evaluation realized on cosmetic
simulants and corroborate the strategy developed.

https://doi.org/10.1016/j.toxlet.2018.06.790
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Among metallic trace elements that can be present in food, some
are known as toxic and must be monitored. Regarding food safety,
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it is relevant to study the case of the pita since it represents a large
part of the daily diet of the Lebanese population. The objective of
this study was primarily to quantify As, Cd, Co, Cr, Hg, Ni and Pb in
Lebanese pita. Then, to evaluate the consumer exposure to metal
contaminants via white pita consumption, a survey was carried out
in supermarkets of 5 different Lebanese regions. Thousand individ-
uals (half men, half women) were grouped as follows: 800 adults
(15 years and above) and 200 children divided in two categories
(6–9 and 10–14 years). The exclusion criteria were chronic or severe
pathology patients and adults who had stayed in Lebanon for less
than 15 years. Different bread brands, sizes and numbers of pita
consumed per day were taken into consideration.

Pitas were sampled according to EU regulation No 836/2011.
Three bags of bread were collected from 3 bakeries (B1, B2 and
B3), and 3 pitas out of 8 were taken from each bag. The miner-
alization of samples was carried out in nitric acid and hydrogen
peroxide using microwave digestion. As, Cd, Co, Cr, Ni and Pb were
analyzed by atomic absorption spectrometry and Hg was analyzed
by a direct mercury detector. To ensure the methods reliability, a
certified reference material (BCR-191) was tested at the same time
as samples.

The metal contents were different depending on the selected
bakeries. The highest quantities of Ni and Co were found in bread
of B1, As, Pb and Cd in bread of B2, and Cr and Hg in bread of B3. Max-
imum limits in Lebanese bread are only defined for Pb and Cd. The
content of these elements in breads respect the Lebanese standard.

The human dietary exposures of the population categories were
compared to toxicological reference values, when available, to
characterize the risk for the Lebanese consumer. The population
between 6 and 9-years-old was the most exposed to As, Pb and
Co. Concerning these elements, the highest exposures (95th per-
centile) were above toxicological reference values or with a margin
of exposure too low.

https://doi.org/10.1016/j.toxlet.2018.06.791
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Many molecules are found under the generic name of silicones.
Applications are numerous and silicones are found in industrial,
pharmaceutical, medical device and personal care products.

Revisiting the concept of biodegradation and degradation in
such a complex family is challenging. For the purpose of this study
fluid silicones with various viscosity levels were used, such as those
found in the cosmetic industry.

Biodegradability was investigated using in silico tools (Epiwin
and QSAR toolbox) together with in vitro OECD approaches.

In parallel, a non-conventional approach was used with the aim
of studying potential relevant effects such as a solar simulator to
study UV effects combined with abiotic degradation in wet and dry
soils.

Combining the results of each approach lead to the following
observations:

A low level of polymerisation leads to easily hydrolysed silicones
by enzymatic and non-enzymatic reactions of the grafted carbon

chain. A higher level of polymerisation provides greater protection
against degradation.

The ultimate stage, represented by the siloxane backbone degra-
dation, may be obtained by the combined effect of bacteria and UV
light leading to formation of silicates.

Physico-chemical properties, in part driven by the polymerisa-
tion level, play a crucial role as they influence the physical state:
solid, liquid, volatile, gel. Functionalisation of alkyl dimethicone
compounds is also a key parameter for biodegradability.

Consequently (bio)degradability should be approached on a
case-by-case basis.

Even if (bio)degradation, with respect to the OECD definition
for very high molecular weight silicones, is not totally achieved,
a degradation of lower molecular weight silicones, as used in the
personal care industry, is achieved by other means such as UV and
abiotic transformation.

https://doi.org/10.1016/j.toxlet.2018.06.792
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The harmful effects of indoor and outdoor air pollution on health are
of great concern in several regions of the world. Several epidemi-
ological studies have established a correlation between exposure
to atmospheric pollutants and the onset of respiratory pathologies.
Dakar, the capital and biggest city of Senegal, is characterized by a
vehicle fleet characterized by poorly efficient combustion technolo-
gies that largely contributes to the deterioration of air quality. The
aim of this study was to assess individual exposure level to air pol-
lution and its potential health impact on professionals (bus drivers
and traders) and housewives in Dakar city center, where road traf-
fic is particularly dense and in a rural area with minor traffic related
emissions.

BTEX analysis revealed that toluene was the volatile pollutant
with higher concentrations, ranging from 800 to 1950 �g/m3. Ben-
zene and xylenes concentrations were from 150 to 650 �g/m3

while ethylbenzene was always around about 50 �g/m3. Ben-
zene concentration was significantly higher for the housewives
group (649 and 568 �g/m3 respectively for urban and rural sites)
than for professionals (192 and 425 �g/m3 respectively for bus
drivers and traders). The high concentrations found for house-
wives is probably due to the cooking habits (coal used in kitchens
as combustible), local practices (important incense burning) and
use of cleaning products that are important emitters of volatile
organic compounds. Different urinary metabolites were selected to
assess human exposure. t-t-MA was not detected (below the detec-
tion limit) in urine samples, while S-PMA values were higher for
housewives (1.3 and 1.2 �g/g creatinine for urban and rural sites
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respectively) when compared to professionals (1.1 and 0.8 �g/g
creatinine for traders and drivers respectively). The level of 1-
HOP, used to assess a pyrene exposure, was slightly higher in
drivers (0.4 �g/g creatinine) compared to others groups (0.2, 0.3
and 0.2 �g/g creatinine respectively for traders, city housewives
and district semirural housewives). Statistical analysis revealed
that urinary 1-HOP levels were significantly higher for urban site
housewives compared to those at the semirural district. These
results showed that indoor air pollution seems to be greater than
outdoor air pollution, confirming previous observations on the
BTEX exposure level and therefore indicating a non-negligible risk
also for indoor exposure to benzene.

https://doi.org/10.1016/j.toxlet.2018.06.793

P12-23
Effect-directed monitoring tools as a
toxicological fingerprint for ecological and
human risk assessment of water bodies

V. De Gussem 1,2,∗ , L. Schuijt 3, P. van den Brink 3, J. van Dijk 1,
M. Jonker 2, N. Kramer 2, A. van Wezel 1,4

1 Utrecht University, Copernicus Institute of Sustainable
Development, Utrecht, Netherlands
2 Utrecht University, Institute for Risk Assessment Sciences, Utrecht,
Netherlands
3 Wageningen University, Department of Aquatic Ecology and Water
Quality Management, Wageningen, Netherlands
4 KWR, Watercycle Research Institute, Nieuwegein, Netherlands

Classical analytical methods to monitor water quality have their
limitations: (i) not all chemicals of emerging concern can be mea-
sured sensitively enough in water, (ii) they do not assess the
presence and levels of all unknown chemicals (e.g. transformation
products), and (iii) they do not assess chemical mixture effects.
For these reasons, the use of bioassays to assess the health risks
associated with chemical contaminants in water has been pro-
moted these past few years. We propose a battery of sensitive,
3R-based and high-throughput bioassays, covering ecologically-
and human-relevant toxicity pathways. These effect-directed mon-
itoring (EDM) tools will assess the ecological and human health
risks of chemicals in different types of water bodies taking into
account the whole complex mixture of compounds (known and
unknown). To do so, we linked the protection goals for humans and
ecosystems described in (supra)national guidelines and a list of pri-
ority chemicals with related adverse outcome pathway (AOP). The
most critical and sensitive adverse outcomes (AO) were selected,
from which we compiled a set of key events (KE) to test in 3R bioas-
says. We chose the most suitable bioassays to measure these KEs,
predicting critical ecological or human endpoints. This way, a toxi-
cological “fingerprint” of a water sample can be obtained by testing
the sample in the proposed 3R test battery. Thanks to the integra-
tive information provided by these EDM tools, the risks assessment
of water bodies should be more relevant for water quality moni-
toring.

https://doi.org/10.1016/j.toxlet.2018.06.794

P12-24
A homeopathic ophthalmic ointment
containing Echinacea purpurea, Euphrasia
officinalis and Calendula officinalis extracts: A
PDE case report

E. Gillio Tos ∗ , M.D. Rodda, A. Iavello, L. Brunasso Cattarello,
A. Conto

Chemsafe SRL, Pharma Business Unit, Colleretto Giacosa (TO), Italy

In 2014, a guideline of the EMA was published introducing the
concept of Permitted Daily Exposure (PDE) values. The approach
for setting PDE limits is the same outlined in ICH Q3C consensus
guideline on residual solvents and in ICH Q3D consensus guide-
line on elemental impurities. The background for that was the
request of the pharmaceutical industry to be able to decide itself
on a risk-based approach whether a product can be produced in a
multipurpose facility, or not.

Medicinal plants are an integral part of traditional medicine
since ancient era. Homeopathy is a natural form of medicine used by
over 200 million people worldwide to treat both acute and chronic
conditions. It is based on the principle of ‘like cures like’. In other
words, a substance taken in small amounts will cure the same
symptoms it causes if taken in large amounts.

The homeopathic ophthalmic ointment containing Echinacea
purpurea (3%), Euphrasia officinalis (5%) and Calendula officinalis (5%)
extracts is used for treatment of conjunctivitis and other inflamma-
tory disorders of the eye and its annexes. A thin line of the ointment
(corresponding to around 18 mg) has to be placed along the inside
of the lower eyelid.

A common approach for the selection of the Point of Depar-
ture (POD) and Adjustment Factors (AFs) can be applied to the
three extracts. The three extracts’ toxicological and pharmaco-
logical profile is poorly characterized and there are few useful
quali-quantitative data to be used to allow a NOAEL or LOAEL
determination, so the PDE for the three extracts is based on the
lowest ocular recommended dose of 1.62 mg/day (Echinacea) or
2.7 mg/day (Euphrasia and Calendula) in adults.

Regarding selection of the AFs have to be considered: intra-
species and inter-species variability, duration of therapy, adverse
effects, therapeutic dose and bioavailability adjustment.

The resulting calculated ocular PDE values for each extract are
the following: 162 �g/day for E. purpurea extract; 270 �g/day for E.
officinalis and C. officinalis extracts.

https://doi.org/10.1016/j.toxlet.2018.06.795

P12-25
Derivation of a point of departure for
alkyl-substituted urea compounds using a
category-based read-across approach

B.J. Lampe

NSF International, Toxicology Services, Ann Arbor, US

The goal of this research is to apply a category-based read-
across approach toward identifying a point of departure (POD)
for the alkyl-substituted urea compounds (ASUCs) with no rele-
vant toxicological data. The ASUCs are commonly used as reaction
intermediates in the production of both polymers and pesticide
products, and nearly 20 ASUCs were identified without adequate
data to derive a chemical-specific POD.

Boundaries for the chemical category were established based
on the presence or absence of specific structural attributes, and in
order to identify ASUCs with relevant toxicological data, 13 ASUCs
previously detected as drinking water contaminants by NSF Inter-
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national were profiled in the OECD QSAR Toolbox software (version
4.1). In this manner, 15 additional ASUCs with relevant data from
OECD guideline-compliant studies were identified, which were
analyzed to determine systemic and reproductive/developmental
NOAELs. Additionally, this software tool was utilized to address
mutagenicity and clastogenicity data gaps for ASUCs with no rele-
vant data for these endpoints.

The available OECD guideline-compliant mutagenicity and clas-
togenicity data on the evaluated ASUCs, combined with data gap
filling using read-across, suggests low genotoxic concern. The most
conservative point of departure (POD) identified was 30 mg/kg-
day, a NOAEL derived from a developmental toxicity study on
1,3-dimethylurea, which is supported by 50 mg/kg-day NOAELs
from 28-day and 90-day repeated dose studies on 1,3-dimethylurea
and diethyldiphenylurea, respectively. The critical effects associ-
ated with this POD included reduced maternal food intake (21%),
reduced maternal body weight gain (66%), and increased inci-
dence of fetuses with hydroureter. As the POD derived from
1,3-dimethylurea is based most sensitive adverse effect for the
entire category, it is therefore adequately health-protective for
read-across to other ASUCs for which no chemical-specific POD can
be derived.

https://doi.org/10.1016/j.toxlet.2018.06.796

P12-26
Effects of heavy metals on Nile tilapia
(Oreochromis niloticus L.) obtained from
Meycauayan River, Philippines: Studies on
health risks, bioaccumulation and oxidative
stress

R.I. Guaring ∗ , E. Espiritu

Ateneo de Manila University, Department of Environmental Sciences,
Quezon City, Philippines

The heavy metals coming from the effluents of industrial facilities,
predominant of which are leather tanning and jewelry factories,
render the Meycauayan River in Bulacan, Philippines polluted.
Through bioaccumulation, the heavy metals in water are eventually
retained in the tissues of fishes cultured in fishponds downstream
of the river such as Nile tilapia (Oreochromis niloticus L.).

This study assessed the potential risks to human health that may
result from consuming Nile tilapia exposed to heavy metal con-
taminated waters from four (4) fishpond sites located downstream
of the Meycauayan River. Tilapia samples were collected in March
2017 and were analyzed for the presence of cadmium (Cd), lead
(Pb), nickel (Ni), chromium (Cr) and manganese (Mn) using atomic
absorption spectrometry; and for mercury (Hg) using inductively
coupled plasma-atomic emission spectrometry (ICP-AES). Target
Hazard Quotient (THQ) was used to estimate the associated health
risks on long-term consumption. Biomarkers were also measured
to evaluate the level of oxidative stress affecting the Nile tilapia
samples.

The heavy metals chromium, nickel, lead, and manganese were
found to be bioaccumulated in the edible tissues of Nile tilapia sam-
ples wherein nickel and lead concentrations exceeded international
quality standards for fish and fish products. Calculated THQs show
that lead (Pb) contributes the greatest risk to human health from
all the pollutants that were analyzed in the fish tissues. The activity
of enzyme biomarkers, catalase and superoxide dismutase and the
lipid peroxidation level in tilapia were also found to be significantly
elevated.

From a public health perspective, long-term consumption of
tilapia obtained from Meycauayan River is not recommended due

to adverse effects which may be contributed by the highly elevated
level of lead.

https://doi.org/10.1016/j.toxlet.2018.06.797
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Occupational risk assessment of pesticides with
different EU dermal absorption and Ko-POEM in
Korea

A.S. You ∗ , N. Lee, S. Park, Y. Jo, J.A. Oh, Y.-K. Park

National Institute of Agricultural Sciences, Agro-Food Safety and Crop
Protection, Jellabukdo, Republic of Korea

The default of dermal absorption is fixed as 10% in Korean guidance
unlikely to EFSA guidance (2017) for operator risk assessment of
plant protection products. In case of application of EFSA guidance,
the risk was considered to increase because 10% dermal absorption
is minimum default. Default of dermal absorption was classified for
169 products according to EFSA guidance. 24 products were classi-
fied as 25% dermal absorption in mixing and 75% in application, 107
products as 10% in mixing and 50% in application. It was investi-
gated to change the operator risk through assessment by different
default of dermal absorption with Ko-POEM in 223 cases of 169
products by crops. 33% of cases without PPE and 19% of cases with
PPE were indicated the risk was high in Korean guidance. 61% of
cases without PPE and 52% of cases with PPE were indicated the
risk was high in EFSA guidance. The cases of using oral absorption
were 40 and 5 cases among these were indicated that the risk was
low. As a result, the high risk assessed by the different default of
dermal absorption was increased 2.6 times compared with only
10% default

https://doi.org/10.1016/j.toxlet.2018.06.798
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Life-course exposure and physical activity
impact on genomic biomarkers of a group of
older adults

A. Teixeira-Gomes 1,2,∗ , B. Lage 1,2, S. Silva 2, F. Esteves 1,2,
J. Carvalho 3, V. Valdiglesias 1,4, J.P. Teixeira 1,2, S. Costa 1,2

1 University of Porto, EPIUnit–Instituto de Saúde Pública da
Universidade do Porto, Porto, Portugal
2 National Institute of Health, Environmental Health Department,
Porto, Portugal
3 University of Porto, Research Center in Physical Activity, Health and
Leisure (CIAFEL), Faculty of Sports, Porto, Portugal
4 University of A Coruña, DICOMOSA Group, Area of Psychobiology,
Department of Psychology, A Coruña, Spain

The world’s population is ageing rapidly. Elderly are a well-
recognised susceptible population due to the decline of immune
defences and the burden of multiple chronic diseases. As a suscep-
tible population, the burden of environmentally induced disease
and lifestyle factors in the elderly is an increasing concern. The
major public health goal for older adults is to prevent disability
and to enhance active life expectancy. Several studies established
a link between genomic instability and age and age-related disor-
ders. Physical activity, on the other hand, has been demonstrated
to be effective in the prevention and treatment of different chronic
conditions, including age-related disorders. Thus, it is hypothesised
that physical exercise programs should impact some biological
endpoints. The present study sought to investigate the impact of
regular exercise in the evaluation of genomic biomarkers in the
elderly. Lifestyle factors were also addressed to account for its pos-
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sible influence in the results obtained. A group of around 70 older
adults (≥65 years old) was engaged in this longitudinal study. A
physical exercise programme of 9 months was ministered to the
participants. Blood samples were collected before and after the
physical exercise programme for genomic biomarkers evaluation.
Primary DNA damage and oxidative DNA damage were measured
through comet assay and H2AX phosphorylation was measured
through gH2AX assay. A life-course exposure questionnaire was
also included to characterise and identify lifestyle factors and key
exposures. Data here obtained addresses the differences between
the levels of primary DNA damage, oxidative DNA damage and
H2AX phosphorylation before and after the physical exercise pro-
gramme. The influence of key exposures and life-style factors, such
as the consume of home-produced vegetables, living near traffic
zones, smoking habits, etc, was also observed. The ageing phe-
nomenon offers great challenges for all societies, being important
to ensure that the increase in longevity is accompanied by the
preservation of health and good quality of life. Obtaining other
conclusions on the biological effect of regular exercise may help
to clarify its role in prevention of age-related diseases.

Acknowledgments: Armanda Gomes and Solange Costa are
supported by FCT under the grants SFRH/BD/121802/2016 and
SFRH/BPD/100948/2014, respectively. Vanessa Valdiglesias is sup-
ported by Xunta de Galicia postdoctoral fellowship (ref. ED481B
2016/190-0).
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P12-29
Exposure reducing remedies in cytotoxic drug
preparation

M.D. Karakoç ∗ , B.Y. Taşköylü

Denizli Public Hospital, Zafer Goksin Oncology Centre, Denizli, Turkey

Purpose: Among anticancer agents, cytotoxic drugs display non-
specific activity towards both tumor and the normal cells which is
responsible for their numerous and severe side effects. The toxicity
of these agents depends on several parameters like their intrinsic
carcinogenic character, concentration in tissues and their length of
contact with the same tissues. Then, in case of fortuitous contam-
ination of healthy people, cytotoxic agents can cause acute and/or
delayed toxicity. Consequently, preparation of cytotoxic drugs by
healthcare workers exposes them to a professional contamination
risk. The aim of the study is reducing the healthcare workers dura-
tion of exposure to the cytotoxic agents without increasing the
unused dose wasting during preparation by avoiding the use of
small size vials of five different drugs that frequently used in oncol-
ogy centers.

Methods: All antineoplastic agents are prepared in negative
pressurized clean rooms with using closed system transfer devices
throughout the study. Doxorubicin (10 and 50 mg), epirubicin (10
and 50 mg), cisplatin (10, 50 and 100 mg), oxaliplatin (50, 100 and
200 mg) and carboplatin (50, 150 and 450 mg) wasted doses and
preparation time (potential exposure time) were measured for six
months. The usage of small dose vials which causes prolongation in
preparation time has been avoided and larger dosage forms were
preferred as much as possible in last trimester. Wasted drug dose
amounts and preparation periods were recorded. Subsequently, the
data compared between the first and the last trimesters.

Results: The total preparation period of the selected antineo-
plastic agents with different size vials was 1407 min. In the second
trimester, which avoided the small size vial usage as much as pos-
sible it is also prepared in 1058 min. There were no significant
changes between the first and the last trimester of the study in
terms of patients numbers that receiving chemotherapy (504 and

505 patients respectively) and the rate of unused drug doses exter-
mination (totally 840 mg and 782 mg respectively) (p > 0.05). On
the other hand, drug preparation time, in other words the health
employee’s exposure period to cytotoxic drugs was reduced 24.81%
(349 min).

In the study, it has been shown that by making rational choices
about drug usage can reduce the healthcare workers duration of
exposure to the cytotoxic agents without increasing the unused
dose wasting during preparation.

https://doi.org/10.1016/j.toxlet.2018.06.800
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An Evaluation of U.S. Forest Service Worksheets
and their usefulness in modern risk assessment
for exposure to pesticides

K. Phang ∗ , D. Bonnar

Blankinship & Associates, Davis, US

The U.S. Forest Service Risk Assessment Worksheet Tool (FSWT)
is a highly sophisticated Microsoft Suite based application devel-
oped to perform risk evaluations based on toxicity values, chemical
properties, water and off-site soil contamination rates, and built-in
exposure assumptions. The FSWT is a set of interlinked word docu-
ments, excel spreadsheets, and database that prompt and guide
a user through the risk assessment process. Risk assessors are
presented with the challenge of evaluating risk in a variety of sit-
uations. Computational tools such as the FSWT can expedite the
risk evaluation process and allow comparisons to be made under
multiple scenarios.

This talk compares the FSWT to other current risk assessment
methodologies. The FSWT has unique features that provide both
advantages and limitations. These advantages and limitations will
be presented along with proposed enhancements to improve the
FSWT.

https://doi.org/10.1016/j.toxlet.2018.06.801
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Degradation of cyclophosphamide using plasma
activated water and UV/H2O2 for the abatement
of persistent pharmaceuticals in wastewater
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1 Radboud Institute for Health Sciences, Radboudumc, Nijmegen,
Netherlands
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Technology, Eindhoven, Netherlands
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4 VitalFluid, Veldhoven, Netherlands

Background: With the increase of unwanted pollutants in the
environment, this study focuses on the abatement and release
of pharmaceuticals in the wastewater stream by using the new
plasma-activated-water (PAW) technology. PAW is a promising
technique for the pre-treatment of contaminated waters, electric
gas discharges in air over water produce reactive oxygen and nitro-
gen species with oxidative degradation power.

Purpose: To evaluate the treatment effect of PAW and UV-C light
combined with hydrogen peroxide (UV/H2O2) for the oxidative
degradation of cyclophosphamide (CP).

Methods: Different CP concentrations were spiked in tap water
and subsequently treated with the advanced oxidation processes
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(AOPs) PAW and UV/H2O2. Plasma activation of aqueous CP solu-
tion was applied at 50, 100 and 150 W electric power input. The
UV/H2O2 oxidation process was carried out by adding approxi-
mately 10 mg/L 30% (v/v) H2O2 to the samples and by placing
an UV-C lamp 20 cm above the solution for immediate radiation.
Both AOPs were tested for 120 min. and analysed by LC-MS/MS to
determine the removal rate and possible formation of degradation
products.

Results and discussion: PAW removes CP at a rate of 94.6%
at 100 W and 100% at 150 W within 120 minutes. With UV/H2O2
treatment, within 60 min. CP was almost completely degraded (>
0%). Although this rapid degradation of CP indicates that a photo-
chemistry process is more efficient, it is demonstrated that multiple
oxidative reaction by-products are formed compared to PAW
treatment. UV/H2O2 treatment produce compounds such as 4-
keto-CP, 4-hydroxyperoxy-CP and carboxyphosphamide, whereas
only 4-keto-CP was observed with PAW oxidation. Identification
of by-products and the reaction kinetics indicate that two stud-
ied approaches result in distinct patterns of oxidative degradation.
UV/H2O2 oxidation can be explained as a pseudo-first order reac-
tion where PAW oxidation shows a more complex degradation
kinetics.

Conclusion: The oxidative degradation of CP in spiked tap water
shows efficient removal rates indicating that PAW is a promising
alternative methodology for the elimination of CP from wastewater.
Further research should reveal whether PAW may be suitable for
the removal of other persistent pharmaceuticals from wastewater.
Including the oxidative degradation of CP in complex matrices.

https://doi.org/10.1016/j.toxlet.2018.06.802
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Human induced pluripotent stem cell-derived
neurospheres develop into electrically active
neuronal networks which suit as an alternative
method to study neurotoxicity in vitro

L. Nimtz 1,∗ , M. Hofrichter 1, Y. Kabiri 1, S. Theiss 2, J. Adjaye 2,
E. Fritsche 1
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Risk Assessment and Sphere Biology, Duesseldorf, Germany
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For improving hazard and risk assessment processes, a paradigm
switch in toxicity assessment from apical endpoint evaluation in
rodents towards a mode-of-action (MoA)-based testing in human-
relevant in vitro methods was proposed. This switch was inspired
by the high attrition rates in new drug development when moving
from the preclinical phase of animal experimentation into clinical
trials with humans. Therefore, it is thought that in vitro methods
based on human cells might increase predictivity of compound test-
ing for humans due to the elimination of species differences. One
field with amongst the highest attrition rates concerns CNS dis-
eases. Thus, such human-relevant alternative methods are needed
that have the ability to predict adverse effects on the nervous sys-
tem. We are using human induced pluripotent stem cells (hiPSC)
for neural induction into 3D neurospheres, which consist of neural
progenitor cells (hiNPC). Upon plating on laminin-coated single-
or multi-well microelectrode arrays (MEAs), hiNPC differentiate
into neurons and astrocytes and thereby form electrically active
neuronal networks. In contrast to neuronal networks derived from
rat NPC, hiNPC-derived networks exhibit less electrical activity
(spikes and bursts) and synchronicity over differentiation time. To
improve hiNPC network activity and maturation we established a
differentiation medium with maturation-supporting supplements
(CINDA medium). HiNPC differentiated with CINDA medium need

shorter times for first network activities, display higher spike as
well as burst frequencies and show network synchronicity. Chal-
lenging of networks with pharmacological compounds indicates
presence and functionality of synapses and inhibitory and exci-
tatory receptors. On the molecular level, CINDA medium induces
gene expression of NSE2, GFAP, as well as synapse-, receptor- and
neuronal subtype-specific markers compared to medium with-
out CINDA supplements. These data suggest that hiNPC-derived
neuronal networks formed in presence of CINDA medium are a
promising system for setting up test methods for neurotoxicity
evaluation.

https://doi.org/10.1016/j.toxlet.2018.06.803
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Usage patterns of cosmetic products by
pregnant women
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3 Fondation PremUp, Paris, France

Purpose: Nowadays, personal care products are widely con-
sumed by all categories of persons. The European Regulation
(EC) N◦1223/2009 concerning cosmetic products defines pregnant
women as a vulnerable population. Thus, a specific risk assessment
with accurate exposure data is required. However, exposure values
from SCCS guidelines do not consider pregnant women and little
information is available in the literature. The aim of this study was
to obtain frequencies of use and to identify potential disparities in
cosmetic habits during and outside pregnancy period.

Methods: 111 adult pregnant women (mean age = 32 y/o) from
7 different regions of France answered a web-based or paper form
survey distributed by healthcare professionals (gynecologists, mid-
wives, pharmacists and physiotherapists). The questionnaire was
in-house developed, including items about socio-demographic and
pregnancy characteristics and focusing on frequencies of use of 37
cosmetic products, selection criteria, purchasing places and safety
perception of personal care products during and outside the preg-
nancy.

Results: The percentage of women expecting a baby who mod-
ified their frequency of use was obtain for each product. Some
products were less frequently used during the pregnancy: nail
polish remover (46%), nail polish (44%), perfume (32%), founda-
tion (27%), face mask (26%), lipstick (25%), mascara (23%), hair
dye product (23%) and eye pencil (22%). On the contrary, preg-
nant women increased their frequency of use of stretch-marks care
(68%), hydrating body cream (40%), bust care (26%) and massage oil
(23%) indicating these products are commonly used during this spe-
cific period. In addition, pregnancy appears to have an impact on
selection criteria of cosmetic products. The most reported criterion
of choice outside pregnancy is the price while during pregnancy
it is the presence of natural ingredients. This study provides fre-
quencies of use of cosmetic products and highlights the influence
of pregnancy on usage patterns which could be useful for the risk
assessment of products dedicated to pregnant women.

https://doi.org/10.1016/j.toxlet.2018.06.804
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P12-34
Investigation of the effects of alternative flame
retardants on embryonal and fetal
neurodevelopmental processes using 3D human
in vitro models

J. Klose ∗ , F. Bendt, K. Dach, U. Hübenthal, B. Kühne, L. Nimtz,
M. Schmuck, E. Fritsche

IUF-Leibniz Research Institute for Environmental Medicine, Modern
Risk Assessment and Sphere Biology, Düsseldorf, Germany

Flame retardants (FRs) inhibit or delay the spread of fire by sup-
pressing the chemical reactions in the flame or by forming a
protective layer on the surface of a material. In the past decades, FRs
like brominated diphenyl ether-99 (BDE-99) have been identified
as threats to human health, especially to the developing brain. Less
persistent alternative flame retardants (aFRs) have been released
onto the market, however, toxicities of these compounds have not
been investigated yet. Therefore, it is essential to assess the devel-
opmental neurotoxicity (DNT) potential of these aFRs.

We have developed two in vitro 3D neurosphere mod-
els, i.e. human second trimester neural stem/progenitor cells
(NPCs) and human induced pluripotent stem cell (hiPSC)-derived
NPCs. Both represent distinct processes of brain development
mimicking specific neurodevelopmental key events (KE), e.g.
proliferation, migration, differentiation into neural effector cells
(astrocytes, neurons and oligodendrocytes), interference with thy-
roid hormone-dependent oligodendrocyte maturation and the
formation of functional neuronal networks. The two FR Tetra-
brombisphenyl A (TBBPA) and BDE-99 interfere with some of
these neurodevelopmental KE within the testing battery. Currently,
the adverse effects of selected aFRs (Tris(chloroethyl)phosphate
(TCEP), Triphenylphosphate (TPHP), Tris(2-butoxyethyl)phosphate
(TBOEP) and Bis-(2-butoxyethyl)phosphate (BBOEP)) are studied.

Hence, our assays represent an array of neurodevelopmental KE
that can be used for the DNT assessment of aFRs. In addition, they
are under discussion to be a part of an in vitro DNT testing battery
for compound screening at the OECD level.

https://doi.org/10.1016/j.toxlet.2018.06.805
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Cosmetics Europe’s Long Range Science Strategy (LRSS) focusses on
developing approaches allowing non-animal safety assessments for
cosmetic ingredients. Case study safety assessments are conducted
to evaluate and gain experience of using new approaches when
making safety decisions. We present an example of an exposure-
based ab initio case study for a cosmetic ingredient associated with

significant systemic exposure, with the purpose of replacing repeat
dose toxicity animal testing.

The Scientific Committee on Consumer Safety (SCCS) assessed
phenoxyethanol as safe in cosmetics at its current use level (up
to 1% in rinse-off and leave-on cosmetics). This case study aims to
deem if this conclusion can be drawn using only data from non-
animal approaches.

We used the tiered SEURAT-1 ab initio workflow, and each tier
can allow safety decisions. Information used includes traditional
safety assessment approaches such as toxicological threshold of
concern (TTC) and read across, and then moves into in silico predic-
tions (Tier 0), internal TTC based on bioavailability and formation of
mode of action hypotheses using available mechanistic data such
as ToxCast and transcriptomics (Tier 1). Tier 2 focusses on targeted
non-animal testing, biokinetic refinement and calculating points of
departure.

In Tier 0 we considered the exposure scenario and available non-
animal data. We determined that the level of exposure could not
be supported using TTC but were able to perform a read across risk
assessment for some health effects e.g. skin sensitisation, but not
for systemic effects due to lack of data on analogues.

In Tier 1 we used an aggregate exposure input and predictions
from physiologically-based biokinetic modelling to make predic-
tions of systemic exposure. We considered which modes of action
may be relevant to the case study ingredient by performing in silico
predictions and using or generating high throughput & high content
information.

Tier 2 involves assessing if modes of action are likely to be rel-
evant at the systemic exposures experienced following the use
of cosmetic products and determining whether further testing is
needed to reach a final conclusion on the safety assessment.

We believe that this ab initio workflow is useful in guiding
non-animal mechanistic and exposure-based safety assessment.
Moreover, transparently documenting the logic of the risk assess-
ment can improve confidence in decision making.

https://doi.org/10.1016/j.toxlet.2018.06.806

P12-36
Human exposure to disinfection by-products in
indoor swimming pools - looking at the
genotoxic effects

F.C. Esteves 1,2,∗ , A. Amaro 1,2, S. Silva 1, C. Costa 1,2, S. Costa 1,2,
J.P. Teixeira 1,2

1 National Institute of Health, Environmental Health Department, Air
and Occupational Health Unit, Porto, Portugal
2 Universidade do Porto, EPIUnit - Instituto de Saúde Pública, Porto,
Portugal

Disinfection of pool water is an extremely important process that
ensures the safety of its use avoiding water-borne infections caused
by microbial pathogens. However, the chlorine used as disinfectant,
in the presence of organic matter, may generate disinfection by-
products (DBPs), including trihalomethanes (THMs), a class that
includes genotoxic compounds, which are inhaled and absorbed
by the skin. Previous studies have shown that exposure to these
DBPs are associated with adverse health outcomes.

The aim of this study was to assess DNA damage in swimming
pool users exposed to THMs. To evaluate DNA damage, blood sam-
ples were collected from a group of approximately 150 swimmers
in different indoor chlorinated pools located in north of Portugal.
Levels of DNA strand breaks and oxidized purines (formamidopy-
rimidine DNA glycolase) sites were determined in lymphocytes
using the comet assay. Individual exposure to THMs compounds
was analysed using a predictive model; analysis included not

https://doi.org/10.1016/j.toxlet.2018.06.805
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only total THMs but also chloroform, dibromochloromethane, bro-
mochloromethane and bromoform separately.

Data obtained will increase knowledge on the potential geno-
toxic risks associated to THMs exposure in indoor swimming pools.
Furthermore, results may be useful to perform a human health risk
assessment model essential for development of risk management
strategies.

This work was supported by Project NORTE-01-0145-FEDER-
000010 - Health, Comfort and Energy in the Built Environment
(HEBE), cofinanced by Programa Operacional Regional do Norte
(NORTE2020), through Fundo Europeu de Desenvolvimento
Regional (FEDER).

https://doi.org/10.1016/j.toxlet.2018.06.807
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Swimming is seen as an activity with innumerous wellbeing and
health benefits. For the maintenance of the quality of swimming
pools’ water, and consequently for the safety of its users, there is a
need to add disinfection products. The interaction between these
products and organic matter, naturally introduced in the water by
users, leads to the formation of disinfection by-products (DBPs),
many of them with mutagenic and carcinogenic characteristics.
Despite the relevance of this issue in public health, there is limited
research on the subject.

The aim of this study was to evaluate genetic damage levels
in young federated swimmers exposed to pool DBPs. A sample of
urine, buccal mucosa and blood was collected from 12 young feder-
ated swimmers at the end of season competition period. Samples of
a control group of 12 healthy individuals, matched for age and gen-
der were also collected. Genetic damage was analyzed using CBMN
assay in peripheral blood lymphocytes and micronucleus assay in
buccal and urothelial cells. Alkaline and enzyme (FPG) versions of
comet assay were also performed in order to measure the primary
and oxidative DNA damage in lymphocytes.

Younger individuals constitute a susceptible group and their
exposure to genotoxic compounds may lead to health problems
later in life. Despite some limitations, results here obtained con-
tribute to the understanding of the possible genotoxic effects of
DBPs in children providing support for possible implementation of
coherent measures for disease prevention in early stages of life.

This work was supported by Project NORTE-01-0145-FEDER-
000010 - Health, Comfort and Energy in the Built Environment
(HEBE), cofinanced by Programa Operacional Regional do Norte
(NORTE2020), through Fundo Europeu de Desenvolvimento
Regional (FEDER).

https://doi.org/10.1016/j.toxlet.2018.06.808
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The American Cleaning Institute’s (ACI) “Guidance for the Risk
Assessment of Enzyme-Containing Consumer Products” provides
valuable information on the potential health hazards of enzymes
used in consumer products and provides a framework for manufac-
turers of these products to conduct risk assessments to help ensure
the safety of new products containing enzymes. Enzymes like many
other proteins can act as allergens and induce the production of
enzyme-specific IgE antibody upon repeated inhalation or expo-
sure to mucous membranes that may lead to allergy symptoms,
including asthma. The primary challenge associated with enzyme
use is preventing the generation of enzyme-specific antibody and
the development of symptoms of respiratory Type 1 hypersen-
sitivity. This hazard is the primary focus for risk assessment of
enzymes, and it must be managed carefully. Another hazard that
should be addressed is primary irritation of the eye and skin which
can be caused by enzymes belonging to the class of proteases. Only
enzymes of the class of protease will have this irritating effect.

It is recommended that companies using enzymes in consumer
products responsibly consider how they are managing enzyme
safety, including the conduct of appropriate risk assessments and
risk management programs. Such programs will include mea-
sures to manage exposures to enzymes. Program designs should
be developed on a case-by-case basis to address parameters spe-
cific to the type of product and its applications. Experience in the
cleaning products industry demonstrates that the potential risk of
adverse effects can be successfully managed by identifying the haz-
ards, carefully assessing exposure, characterizing the risk and then
applying appropriate risk management. An updated ACI guidance
document provides risk assessment approaches and risk manage-
ment strategies that have been used successfully by the cleaning
products industry and other industries.

https://doi.org/10.1016/j.toxlet.2018.06.809
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Ad hoc risk assessments by Front Office Food
and Product Safety
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1 National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands
2 RIKILT - Wageningen University and Research, Wageningen,
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In case of urgent food and consumer product safety questions, it is
important that the relevant authorities and ministries receive an
independent and unambiguous assessment of the possible health
risks within a short time frame. On the basis of these urgent risk
assessments, authorities can take preventive and protective risk
management measures.

In the Netherlands, the Front Office Food and Product Safety is
operated by the National Institute of Public Health and the Environ-
ment (RIVM) and RIKILT – Wageningen University and performs ad

https://doi.org/10.1016/j.toxlet.2018.06.807
https://doi.org/10.1016/j.toxlet.2018.06.808
https://doi.org/10.1016/j.toxlet.2018.06.809


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 105

hoc (rapid) risk assessments commissioned by the Office for Risk
Assessment and Research (BuRO) of the Netherlands Food and Con-
sumer Product Safety Authority (NVWA). These assessments are
the basis of the advices of BuRO for the ministries or the Inspector
General of the NVWA.

The Front Office has been established to answer ad hoc questions
on the chemical and microbiological safety of food and feed, and
on genetically modified organisms. In addition, questions regard-
ing chemical substances in consumer products such as toys and
cosmetics are answered. The Front Office also conducts chemical
analysis and risk assessment of food supplements.

Approximately 30 ad hoc risk assessments are commissioned
each year. In general, these requests result from specific cases or
occasions. Examples are results of analyses by NVWA and/or RIKILT,
questions from the ministries, information from industry and topics
in the media.

The risk assessments usually need to be performed within a
short time frame and are based on available analytical results, data
on maximum (use) levels in food, feed and consumer products, legal
criteria, (existing or newly derived) health-based guidance values
and information on exposure. In some cases, a risk assessment has
to be based on very limited information. Where applicable, lim-
itations of the assessment and their impact on the outcome are
specified.

Recent topics for ad hoc risk assessments include fipronil in eggs,
mineral oils in cheese biscuits, recreational use of nitrous oxide
(laughing gas) and the possible extension of shelf life for perishable
products (eggs). More information on previous assessments can be
found at rivm.nl.

https://doi.org/10.1016/j.toxlet.2018.06.810
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Pesticides in Morocco are widely used in agriculture. Their usage
may pose risk to human health and environment. The aim of
this study was to monitor pesticides levels in groundwater from
Sais plain in Morocco during summer 2017 and winter 2018. For
this purpose, passive samplers were deployed between 14 to 20
days in 21 traditional wells from the study area. Twelve pesticide
compounds were analyzed including fungicides, insecticides, her-
bicides and their metabolites. Moreover, based on the pesticide
monitoring results we performed a human health risk assessment
for both adults and children using the model described by Hu
et al. [1], as well as an ecotoxicological risk assessment using Risk
Quotient (RQ) method [2]. RQ was predicted based on the ratio
between the measured environmental concentration and the pre-
dicted no effect concentration. In the study area, seasonal variations
of pesticides concentrations were observed in all wells. The highest
concentrations were recorded during summer campaign, right after
pesticide application, especially chlorpyrifos methyl (0.1 �g/L) and
chlorpyrifos ethyl (0.015 �g/L). Based on the human health risk
assessment, pesticides in groundwater of Sais plain posed low
potential non carcinogenic risk on human through drinking water

as exposure route, except for chlorpyrifos methyl in the case of
children. In this case, the ratio of the potential exposure dose to the
chloprpyrifos methyl and the level at which no adverse effect are
expected was greater than one (1.6), due to this compound adverse
health effect were possible. In addition, simazine showed unaccept-
able carcinogenic risk estimated 4.51 × 10−6. High ecotoxicological
risk for two pesticides was observed according to the RQ approach,
namely chlorpyrifos methyl and chlorpyrifos ethyl (i.e. 462.6 and
1.12 respectively). The coupling of environmental monitoring data
to probabilistic human and ecotoxicological risk estimates showed
that cancer risk is unlikely due to drinking water but there is a high
ecotoxicological risk.
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Recent evidence has shown an increasing presence and distribution
of extended-spectrum beta-lactamases (ESBLs) in the environment,
which could represent a threat to public health. However, their
presence in open water systems in England remains unknown
despite the significant role of water in disseminating contami-
nation and as a reservoir for biological hazards. Therefore, three
sets of 30 water samples each were collected from different open
water environments in Leicestershire (UK) including Leicester city
in three periods of time (summer, autumn and winter) in 2017.
Water samples were collected in the same locations each season
using a portable water pump connected to a foam filter module
according to the 1623 method developed by the US Environmental
Protection Agency. The environments monitored were: the course
of the River Soar and the Grand Union Canal (a canalised section of
the River Soar) throughout the city including the River Biam; lakes
highly frequented for fishing or leisure (e.g. John Merricks’ Lake,
Kings Lear’s Lake; Bennion Pools Fishing Lake); and a marina. The
River Soar is rich in wildlife and attracts large numbers of users.
Water samples were concentrated using the IDEXX

®
Filta Max sys-

tem according to manufacturer’s instructions and 1623 method.
The DNA was extracted from each concentrated water sample with
a Fast DNA

®
Kit. Genotypic prevalence of ESBL-producing bacteria

was investigated by means of multiplex PCR. The assay was per-
formed to detect the ESBLs: blaTEM, blaSHV, blaOXA and blaCTX-M using
a CTX-M-15 producing strain of Escherichia coli as a positive control.
All 90 samples assessed for ESBLs were negative. However these
results should be considered inconclusive, as different factors such
as dilution in the surface water could have affected them, as we
have previously detected the presence of ESBLs (specifically CTX-
M-15) in animal faecal samples (6 waterfowls, 3 dogs and 2 foxes)
collected in different parks in Leicester city highly frequented by
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the public in 2016. Further studies will be needed to determine the
presence and distribution of ESBLs in the open water systems in
England as the World Health Organisation has highlighted ESBLs
as a priority to be controlled to response to the bacterial resistance
phenomenon. Information about the presence and distribution of
human-pathogenic bacteria harbouring ESBL enzymes is needed to
develop national intervention strategies to protect the public.

https://doi.org/10.1016/j.toxlet.2018.06.812
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Derek Nexus is an in silico, expert rule-based system capable of
predicting for multiple toxicity endpoints. Accompanying the pre-
dictions are informative descriptions highlighting known toxicants
and a plausible biological mechanism of action. Structural alerts are
currently organised and presented to the user according to a hier-
archy of toxicity endpoints, an approach which has proved useful
for numerous use cases.

An alternative approach to organising this knowledge is the
use of adverse outcome pathways (AOPs). An AOP is a mechanis-
tic representation linking a molecular initiating event (MIE) to an
adverse outcome (AO) through sequential key events (KEs). KEs are
described at a defined level of biological organisation and linked
together according to known biological mechanisms which are sup-
ported by empirical evidence. Similar knowledge is contained in
Derek Nexus, having been collated by the alert writer.

In this work we sought to rearrange the knowledge already con-
tained in Derek Nexus relating to the AO of carcinogenicity, into
a format more compatible with an AOP framework. Accompany-
ing information relating to the mechanism of action for structural
alerts from endpoints related to carcinogenicity (carcinogenicity,
chromosome damage, mutagenicity) was analysed and MIEs were
assigned to the alerts where possible. MIEs linking a compound
class to carcinogenicity were assigned to 268 alerts in this way.
The alerts and their relationship with MIEs were then used to pro-
file a carcinogenicity data set to establish which MIEs are most
prevalently associated with the data and which may be the most
predictive of the AO.

Organising knowledge in this way means that it can be reused
and combined with other information sources such as experimen-
tal assay data and pharmacokinetic studies more effectively. The
grouping of hazards according to MIE may also be more appropriate
in current regulatory use cases. In the future we expect the refor-
matted alerts will ultimately support development of a network of
MIEs and KEs that also relate to other toxicological endpoints and
increase the application of Derek as a tool for risk assessment across
multiple endpoints of concern.

https://doi.org/10.1016/j.toxlet.2018.06.813
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This study was designed to provide an understanding of the
biokinetics and potential toxicology in the lung and pleura fol-
lowing inhalation of brake dust (from brakes manufactured with
chrysotile) in a 28-day repeated multi-dose inhalation toxicology
study (6 h/d, 5 d/wk. 4 wk) followed by 28-days of exposure free
recovery and served as a range finding study for a subsequent
ongoing 90-day repeated dose inhalation toxicology study with
lifetime recovery. Comparative fiber control groups were included
of a similar grade commercial chrysotile as used in the brakes and
a commercial crocidolite asbestos sample. The aerosol fiber dis-
tribution of the chrysotile (chry) and crocidolite (croc) asbestos
were similar (Fibers L > 20 �m/cm3: Chry-LD 42, Chry-HD 62; Croc-
LD 36, Croc-HD 55; WHO fibers/cm3 Chry-LD 192, Chry-HD 219;
Croc-LD 211, Croc-HD 255). The total number of particles in the
aerosol of the brake dust groups was similar to that in the chrysotile
groups (Part/cm3: B-D 710 - 1065; Chry 532 - 1442). A macrophage
dose-response to the brake dust groups was observed with no fiber
related effects. In the fiber control groups, the study differentiated
between similar exposures to chrysotile and crocidolite asbestos.
The chrysotile exposure resulted in a dose-dependent particle
laden macrophage response characterised as Wagner Grade 1 to
3. In contrast, following crocidolite exposure there was a dose-
response accumulation of fiber laden macrophages and interstitial
fibrosis during exposure (Wagner score Grades 3 to 4) which
increased in incidence following exposure (Wagner score Grade 4).
Confocal microscopy images (determined following deep freezing
of the chest wall at sacrifice) revealed no difference between the
air control, brake dust and chrysotile high-dose exposure groups
and no difference in the visceral or parietal pleura thickness at 28
or 56 days. The crocidolite exposure resulted in more than dou-
ble the thickness of the visceral pleura and parietal pleura, with
associated extensive inflammatory response and collagen devel-
opment observed including adhesions between the visceral and
parietal surfaces. These results provided a basis for the design
of the 90 day study. (Study funded by Honeywell International
Inc).

https://doi.org/10.1016/j.toxlet.2018.06.814

P12-44
Effect of the herbicide paraquat in larval phase
of the Bullfrog

A.C. Razo Estrada 1,∗ , B.G. Jiménez-García 2, N.-A. Romero Pérez 1,
R.D.C. Guzmán-Ibarra 1

1 Instituto Politécnico Nacional, Mexico City, Mexico
2 Vrije Universiteit Brussel, Brussel, Belgium

Paraquat is a non-selective herbicide commonly used in the world
to eliminate weeds in agricultural fields. Its use has benefits, how-
ever, it has been described that exposure to paraquat generates
adverse consequences depending on the concentration and time
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of exposure. Acute exposure has reportedly caused the death of
workers and the subacute exposure causes damage to the res-
piratory and central nervous system in humans and animals. It
has not been fully described what the mechanisms of toxicity of
paraquat are, but it has been shown that the herbicide can increase
the production of ion superoxide (O2

•−), which has resulted in an
increase in the generation of reactive oxygen species capable of
oxidizing molecules necessary (NADPH and reduced glutathione)
for proper cell functioning. In addition, it has been described that
paraquat is capable of generating nitric oxide (NO) that can interact
with the superoxide ion, generating peroxynitrite (ONOO–) caus-
ing cellular damage. The application of herbicides contributes to
an increase of productivity in the agricultural fields, however, the
inappropriate use has negative consequences in cultivation sites
and nearby bodies of water where many species live. The American
Bullfrog (Lithobates catesbeianus) is an amphibian that develops
both in aquatic and terrestrial environments so it can be affected
by herbicides. The acute toxicity of paraquat was determined at
48 h of exposure, as well as the antioxidant response that includes
the activity of the enzymes superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx) and Lipoperoxidation (TBARS)
in a concentration non-lethal of 1.13 mg/L for 6, 12, 24 and 48 h of
exposure in bullfrog tadpoles. The median lethal concentration of
paraquat during 48 h of exposure was 11. 30 mg/L. To assess enzy-
matic activity it was observed that SOD activity increased after 12 h
and remains so until the end of the time of exposure; CAT activ-
ity increased only at 6 h, GPx showed no changes; regarding the
TBARS, an increase was observed from 6 h until the end of the expo-
sure time. It can be concluded that at the sublethal concentration
of 1.13 mg/L of paraquat, oxidative stress is generated in bullfrog
tadpoles.

https://doi.org/10.1016/j.toxlet.2018.06.815
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The Local Lymph Node Assay (LLNA): BrdU-ELISA utilises 5-
bromo-2-deoxyuridine (BrdU) is an ELISA-based (Enzyme-Linked
Immunosorbent Assay) test system to measure lymphocyte pro-
liferation. The LLNA: BrdU-ELISA has been validated and is
recommended as useful method for identifying skin sensitizing
and non-sensitizing test substances (at the last point of the AOP
strategy). The current OECD Test Guideline no. 442B (2010) for
the conduct of the LLNA recommends the use of only CBA/J strain
mice for the assessment of skin sensitization potential for chemi-
cals. However, other strains can also be used when sufficient data
are generated to demonstrate that significant strain-specific dif-
ferences response do not exist. Thus, this study was conducted
to determine whether BALB/c strain mice can also be used in the
LLNA:BrdU-ELISA.

In this study, two chemicals with known sensitizing properties
(hexyl cinnamic aldehyde and eugenol; both in acetone: olive oil
(4:1, v/v)) were examined at two concentrations (25% and 10%).
Female CBA/J (Jackson Laboratory) and BALB/c (Medical Univer-
sity of Białystok) mice were randomly allocated to groups (four
mice per group). Mice were topically treated with chemicals or
vehicle on both ears for 3 days. Following intraperitoneal injec-
tion of BrdU, bilateral lymph nodes were isolated separately and

undergone ELISA (Cell Proliferation ELISA, BrdU kit; Roche) to
determine the level of BrdU incorporated to lymph node cells. The
Stimulation Index (SI) was calculated and statistical analysis was
performed.

The results revealed no significant difference between CBA/J and
BALB/c at all concentrations. The average SI values were similar for
both stains for hexyl cinnamic aldehyde (2.3, 1.7 for CBA/J mice and
2.8, 1.7 for BALB/c mice at the following concentrations: 25%, 10%,
respectively) and for eugenol (2.3, 1.5 for CBA/J mice and 2.7, 1.6 for
BALB/c mice at the concentrations 25% and 10%, respectively). The
differences were not statistically significant for each concentration
(p > 0.05).

In conclusion, this study indicated that female BALB/c strain
mice can be used as an alternative to CBA/J strain mice in the
LLNA:BrdU-ELISA for the prediction of the skin sensitizing potential
of chemicals.

https://doi.org/10.1016/j.toxlet.2018.06.816
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Epidemiological evidence links nitrogen dioxide and volatile
organic compounds (VOC) trends to a wide range of health effects.
In this context, a key issue is the ability of the monitoring to serve as
an indicator of personal exposure to these atmospheric pollutants.
In Morocco, only few regions have air quality monitoring stations.
In Meknes where no air quality monitoring station exists, the use of
diffusive sampling tubes for monitoring and mapping of air quality
is relevant.

The purpose of this study was to evaluate the air quality in
Meknes by measuring levels of VOC and NO2 in relation with road
traffic during summer 2014 and winter 2015. Thus, passive dif-
fusion tubes were deployed in 16 near-road and residential sites
for 14 to 30 days to measure BTX and NO2. In parallel to the win-
ter campaign, road traffic counting sessions were conducted at the
main roads of the city. Collected samples were analyzed and pol-
lutants concentrations were determined using spectrophotometry
and gas chromatography techniques. Our study results show that
the average concentrations of BTX and NO2 are highest in the city
center, from where we noticed a decreasing gradient of pollutant
levels. No season impact was noticed. The average concentration
of benzene in Meknes during the two measurement campaigns is
equal to 2.065 ug/m3 which exceeds the quality objective set by
the European Union (2 ug/m3) but still lower than the annual limit
value set in Morocco (10 ug/m3). Concerning the average of NO2
concentration in all sites and measurement campaigns, it is approx-
imately 30.652 ug/m3, which lowers than the admissible limit value
set by the European Union (40 ug/m3). Sites with high levels of ben-
zene have also shown high levels of nitrogen dioxide (R2 = 0.8714).
VOC and NO2 present in the atmosphere of our study area are
mainly generated by road traffic. This study shows that population
is exposed to atmospheric pollutants which may lead to emerging
health effects. Our results also invite to examine the various lines of
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setted limit values in different countries and to assess the collective
evidence.

https://doi.org/10.1016/j.toxlet.2018.06.817

P12-47
Use of read-across in EU approved biocidal
active substances (focus on human health)

P. Papadaki ∗ , A. Airaksinen, D. Antal, M. Damsten,
C. Estevan Martinez, G. Muller, K. Myohanen, M.U. Naeem,
L. Ruggeri

European Chemicals Agency, Directorate Risk Management, Biocides
Unit, Helsinki, Finland

Under Biocidal Products Regulation (BPR) 528/2012, read-across is
a possible adaptation to the standard testing and is listed in Annex
IV of BPR. Read-across entails the use of results from tests on other
(analogue) substances to predict properties for the active substance
under evaluation. The use of read-across can mean that applicants
do not need to carry out one-by-one active substance testing of
each toxicological property to fulfil their data requirements and is
therefore a way to avoid unnecessary animal testing. However, it
also has to be ensured that such prediction of a property based on
read-across is reliable, can be used for risk assessment and classi-
fication and labelling, and complies in general with the provisions
in BPR for the source study proposed.

The current poster presents the use of read-across in the assess-
ment of biocidal active substances approved under BPR and Biocidal
Products Directive (BPD) 1998/8/EC. Specific characteristics of the
read-across are presented such as the basis of read-across jus-
tification/hypothesis and the toxicological endpoint(s) for which
read-across is applied. The analysis of data shows that read-across
was used in one third of the assessments of the approved active
substances, which makes read-across an extensively used adap-
tation to data requirements of BPR and BPD. Further guidance on
the use and applicability of read-across in biocidal active substance
approval is needed.

https://doi.org/10.1016/j.toxlet.2018.06.818

P12-48
Risk assessment of formaldehyde present in
food and drinking water

E.E. Nielsen ∗ , M.M. Egebjerg, G.A. Pedersen, A. Sharma,
P. Olesen, M. Hansen

Technical University of Denmark, National Food Institute, Kgs.
Lyngby, Denmark

Formaldehyde occurs naturally in the environment and is ubiqui-
tous in the environment. Formaldehyde occurs in very low levels
in water as it is rapidly hydrated and therefore, predominantly
is found as methylene glycol. Formaldehyde occurs naturally in
food. Reported background levels vary considerable. Formalde-
hyde can also occur in food if released from melamine resin food
contact materials. Being very reactive, formaldehyde is essentially
present in food bound reversibly and irreversibly to different con-
stituents. In humans, as in other animals, formaldehyde is an
essential metabolic intermediate in the physiological one-carbon
pool (central to many biological processes).

The general population is exposed to formaldehyde from many
sources. The European Food Safety Authority has estimated that
the contribution of formaldehyde from food does not exceed
100 mg/person/day. Drinking water is only a minor source of expo-
sure.

The critical effects of formaldehyde following repeated oral
exposure are considered to be the non-neoplastic histopatholog-
ical changes observed in the forestomach and stomach (erosion,
ulceration, inflammation and hyperplasia, most likely due to the
irritative potential of formaldehyde) in experimental animals (long
term studies drinking water). A NOAEL of 260 mg/l is considered.

Formaldehyde is genotoxic, with effects observed in vivo in cells
from first site of contact tissues (i.e. nasal tissue); however, there is
no evidence of genotoxicity locally in the gastro-intestinal tract. The
weight of evidence indicates that formaldehyde is not carcinogenic
by the oral route.

A tolerable concentration of formaldehyde in drinking water
is estimated to 30 mg/l (rounded value) based on the NOAEL of
260 mg/l and assessment factors of 2.5 and 3.2 for interspecies and
inter-individual variability, respectively, in toxicodynamics. Based
on this tolerable concentration and an estimated (worst-case) con-
centration of formaldehyde in drinking water of 30 �g/l, no risk for
adverse effects from intake of formaldehyde in drinking water is
identified.

Based on the available data, a tolerable concentration of
formaldehyde in food cannot be estimated. Therefore, the risk for
adverse effects from intake of formaldehyde in beverages and foods
could not be evaluated.

https://doi.org/10.1016/j.toxlet.2018.06.819
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Behavioral effects changes in rats exposed to
real-life chemical mixture at doses around
toxicological reference values
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A. Crenguţa Nicolae 4, C.M. Drăgoi 4, A. Nosyrev 5, B. Izotov 6,
A.M. Buga 7, A.M. Tsatsakis 8

1 University of Medicine and Pharmacy, Department of Toxicology,
Craiova, Romania
2 University of Medicine and Pharmacy, Department of Clinical
Pharmacology, Craiova, Romania
3 University of Medicine and Pharmacy, Department of Microbiology,
Craiova, Romania
4 Carol Davila University of Medicine and Pharmacy, Department of
Biochemistry, Bucharest, Romania
5 I.M. Sechenov First Moscow State Medical University, Central
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Analytical Toxicology Pharmaceutical Chemistry and
Pharmacognosy, Moscow, Russia
7 University of Medicine and Pharmacy, Department of Biochemistry,
Craiova, Romania
8 University of Crete, Laboratory of Toxicology, Heraklion, Greece

Consumers in real life are not exposed to single chemicals but to
real-life chemical mixture at doses around toxicological reference
values. The aim of this study was to assess the chronic toxicity of
a real life mixture of pesticides with food additives and common
consumer products chemicals using doses that simulate the real
life exposure scenario. Four groups of 10 Sprague Dawley rats (5
males and 5 females) were treated with a mixture of dimethoate,
glyphosate, triadimefon, methyl parathion, carbaryl, aspartame,
benzoic acid, calcium disodium ethylene diamine tetra-acetate
(EDTA), ethylparaben, butylparaben, bisphenol and acacia gum in
doses of 0, 0.25 × acceptable daily intake (ADI), ADI and 5 × ADI
doses for 12 months. The behavioural changes were assessed every
3 months using open field exploratory test and elevated plus-
maze test. After 12 months of exposure there was an increase in
locomotor activity, quantified as number of crossing over external
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squares in low dose group (46.8 ± 11.57) compared with control
(13.70 ± 6.15) (p = 0.038). The spatial orientation activity, quanti-
fied as number of rearings, was significantly increased in the low
dose exposed rats (22.20 ± 4.77) compared with the control rats
(6.90 ± 1.61) (p = 0.015). In medium and high dose exposed rats
the locomotor activity and special orientation activity decreased
compared with the low dose group almost till the control levels
in high dose exposed group. Mixture exposure determine a two-
phase dose-dependent effect, the chronic use of a small dose has
a stimulating effect on the organism while the higher doses have
some additional negative effects that eliminate/mask the stimulat-
ing effect of the low dose.

https://doi.org/10.1016/j.toxlet.2018.06.820

P12-50
Evaluation of human health risks associated
with toxic metals present in coastal ecosystem:
a study on trophic level transfer of metals in
Bay of Bengal, India

S. Satapathy

CSIR-IMMT, Environment and Sustainability, Bhubaneswar, India

Introduction: The rapid industrial growth coupled with the devel-
opment of modern technologies has resulted in the introduction
of diverse toxic substances, including toxic metals into the envi-
ronment. Toxic metal ions are imperishable and have lethal effects
on living beings when their quantity surpasses a certain threshold
level. The presence of the metals like Cr, Cd, Pb, Mn and Ni above
the threshold limits exhibit carcinogenic and genotoxic effects on
humans. The industrial or harbor zone is typically more populated
which is responsible for creating anthropogenic pressure on the
coastal environment.

Material and method: The toxic metal content of marine water
and sediment and fishes from the five selected sites of the east coast
of Bay of Bengal have been collected on a seasonal basis during
Pre-monsoon, Monsoon and Post-monsoon during (2014–2016).

The enrichment level of metals in the different trophic
level of marine ecosystem (Water/sediment → Phytoplankton →
zooplankton → benthic organisms and fishes) of Bay of Bengal has
been quantified. Prediction of environmental risks, as well as risks
associated with humans using different pollution indices from the
available sources for toxicity information, has been calculated.

Results: The outcome of this study clearly indicates that the
bioaccumulation was lowest in phytoplankton compared to organ-
isms of higher trophic levels. There is a clear evidence of the
anthropogenic origin of all toxic metals. It was found that the
selected study sites of the coastal Bay of Bengal are mostly pol-
luted by Chromium followed by Arsenic and lead. Human health
risk assessment indicated consumption of seafood could increase
cancer risks. Among all the heavy metals analyzed, Cr is the most
critical and possess highest carcinogenic and non-carcinogenic
health threat for seafood consumers. The risk assessment of coastal
sediments indicated, there are probabilities of developing cancer
and other health-related issues in the coastal population after long-
term exposure. The biomagnifications were observed only for Cr, Ni,
and Pb in tissues and not in As, Hg, and Cd. THQCr possesses highest
non-carcinogenic risks, which contributes about 50% to HI. Like-
wise, the contribution of carcinogenic risk (CRCr) to TCR is about
60%. The non-carcinogenic risk was found to be beyond the safety
limit in children, below 15 years, than adults in the study site (HI
child >1). The sediment was profoundly polluted with Arsenic.

https://doi.org/10.1016/j.toxlet.2018.06.821

P12-51
Toxicological impacts of the fungicide
isoprothiolane on common carp, Cyprinus
carpio: a multi-biomarker assessment
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Pesticides used in agriculture have led to widespread occurrence
in the aquatic environment that causes detrimental effects on the
aquatic organisms even at very low concentrations. In this con-
text, the present study was aimed to examine the impact of lower
levels of isoprothiolane (2.7 and 27 �g/L; reported concentration
in Yung San River, Korea) on the common carp Cyprinus car-
pio under 96 h exposure using various biomarkers (hematological,
ionoregulatory, biochemical, and enzymological parameters). The
concentrations used in this study significantly (p < 0.05) decreased
the hemoglobin (Hb), hematocrit (Hct), red blood cell (RBC), serum
glucose, cholesterol, triglycerides, aspartate aminotransferase, and
gill Na+/K+-ATPase levels in fish exposed to isoprothiolane. In con-
trast, the white blood cell (WBC), serum sodium (Na+), chloride
(Cl−), and albumin levels were increased (p < 0.05) when compared
to that of their control groups. Further, there were slight changes
in mean cellular volume (MCV), mean cellular hemoglobin (MCH),
mean cellular hemoglobin concentration (MCHC), serum potas-
sium (K+), protein, globulin, and alkaline phosphatase levels. Taken
together, the present study suggests that alterations of hematolog-
ical, ionoregulatory, biochemical, and enzymological parameters
can be used as efficient biomarkers in monitoring the toxicity of
pesticides in aquatic organisms. Further, the long-term effects of
isoprothiolane need to be investigated in our future studies with
more endpoints.

https://doi.org/10.1016/j.toxlet.2018.06.822
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Primary risk assessment done after detection of
fipronil in eggs in Belgium
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1 Sciensano, Scientific Direction Chemical and Physical Health Risks,
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2 Sciensano, Scientific Direction Epidemiology and Public Health,
Brussels, Belgium

In Belgium the assessment of risk to public health in the framework
of the International Health Regulations is coordinated by Sciensano
(former Scientific Institute for Public Health). In July 2017, the Fed-
eral Agency for the Safety of the Food Chain communicated the
finding of fipronil in eggs through a notification via the EU Rapid
Alert System for Food and Feed (RASFF). Because of the high atten-
tion in the media and divergent interpretations on the risk for public
health, the Belgian Risk Assessment Group (RAG) was requested by
the Federal Public Service Health, Food chain Safety and Environ-
ment, to perform a risk assessment.

Fipronil is a broad spectrum insecticide/acaricide authorized
for use in pets for the control of fleas, lice, ticks, cockroaches and
mites, and, in the past, for use as a plant protection product (seed
treatment). Fipronil is not authorized for use in food production
animals. In the case of the 2017 crisis, fipronil entered the food
chain via use of an illegal product containing fipronil (Dega-16) to
decontaminate chicken farms from red lice, a frequently occurring
and difficult to treat ectoparasite of laying hens. The product was
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sold to farms in several European countries. In Belgium, fipronil
was detected in eggs from 21 companies, in concentrations rang-
ing from “not detected” to 0.92 mg/kg egg. Except for one sample,
the concentrations of fipronil measured in eggs were below the
European threshold of health risk for the consumer of 0.72 mg/kg.
This threshold is based on the acute reference dose (ARfD) and the
P 97,5% consumption of eggs by children (8.7 kg) in Europe (EFSA
PRIMo2 model).

The health risk was primarily assessed for the highest reported
level (0.92 mg/kg). For the acute exposure scenario, data on con-
sumption of raw and cooked eggs in Belgium were used (Food
consumption poll 2014–2015). For the repeated exposure scenario,
the total daily consumption of eggs (raw, cooked and secundary
products) was taken into account. According to WHO/EFSA, the
estimate of acceptable daily intake (ADI) of fipronil in humans is
0.0002 mg/kg bw/day. The Acute Reference Dose (ARfD) for Fipronil
is 0.009 mg/kg bw.

At a concentration of 0.92 mg/kg egg, all the calculated estimates
were below the ARfD for all age groups. Taking into account a usual
daily intake of eggs (and secondary products) that would all contain
this high concentration of fipronil, the ADI would be exceeded for
almost the entire population. However, this is a worst case scenario,
very unlikely to have occurred.

We concluded that the fipronil eggs contamination incident was
unlikely to have acutely affected public health. A risk to human
health on a long-term cannot be formally excluded but is very
unlikely.

https://doi.org/10.1016/j.toxlet.2018.06.823
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NFIL-3 regulates dendritic cells functions
following nickel and cobalt exposure

M. Pallardy ∗ , R. Bechara, M. Nabhan, M. Hullo

Inflammation Chimiokines et Immunopathologie, INSERM, Fac. de
Pharmacie-University Paris-Sud, Université Paris-Saclay,
Châtenay-Malabry, France

Dendritic cells (DC) play a major role in the regulation of immune
responses to a variety of antigens. Indeed, metallic haptens such
as nickel and cobalt are able to induce DC maturation through
TLR4 activation leading to a T cell-mediated inflammatory skin dis-
ease called allergic contact dermatitis. We recently showed that
nickel but not cobalt induced the production of IL-12p40 and IL-
23 in human monocyte-derived dendritic cells (MoDCs) leading
to Th17 cell polarization. Although both metals are considered to
be TLR4 agonists, we wanted to better understand the particu-
lar mechanism behind metals-induced IL-12p40 production and
we were interested in the NFIL-3 transcription factor, a recently
described regulator of IL-12p40. Using an in vitro model, we showed
that both nickel and cobalt were able to induce NFIL-3 expression,
in human MoDCs. Pretreatment of MoDC with a TLR4 blocking
antibody followed by metals stimulation did not modify NFIL-3
expression suggesting that NFIL-3 induction by nickel and cobalt
was independent of the TLR4 pathway. However, this expression
of NFIL-3 was dependent on the Jak-STAT pathway and oxidative
stress since the pretreatment of MoDC with Jak Inhibitor I or N-
acetylcysteine followed by metals stimulation induced a decrease
in NFIL-3 expression. Moreover, we showed that cobalt is a strong
inducer of reactive species, measured using dichlorofluorescin by
flow cytometry, which may explain why cobalt is a strong inducer
of the NFIL-3 pathway, compared to nickel, and thus its inability to
induce IL-12p40 production. In summary, our data suggested that

the NFIL-3 signaling pathway plays an important role in regulating
the expression of IL-12 cytokine family in metals-exposed DC that
may be implicated in ACD.

https://doi.org/10.1016/j.toxlet.2018.06.824
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Does altered gut barrier function facilitate food
allergy development?
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The integrity and function of the mucosal epithelial barrier plays an
important role in maintaining the gut homeostasis. Research indi-
cate a link between altered barrier function and the development
of food allergy. Barrier disruptors, like cholera toxin (CT), house
dust mite (HDM), and the mycotoxin deoxynivalenol (DON) have
been shown to facilitate allergy development. We hypothesized
that this is due to (1) damage to intestinal epithelial cells, leading to
impaired barrier integrity and increased uptake of allergens, and/or
(2) the production of cytokine ‘alarmins’ by intestinal epithelial
cells. The aims of this project were (a) to detect early markers of
a disrupted gut barrier, and (b) to investigate if the tested barrier
disruptors could promote development of food allergy.

This study was based on a food allergy model in mice, being com-
posed of two short-term experiments for gut barrier assessment
and one allergy model experiment. In the short-term experiments,
C3H/HeOuJ mice were exposed intragastrically to one of the com-
pounds DON, HDM or CT, and the food allergen peanut (PE). In the
second experiment, we excluded PE, and included the pesticide
glyphosate. 4, 24 and 48 h after exposure, intestine and draining
lymph nodes and/or Peyer’s patches were excised, and serum was
collected. The intestines were homogenized and cells from lym-
phatic tissue were stimulated ex vivo for determination of cytokine
secretion. ELISA and flow cytometry were used to detect markers
of disrupted barrier and allergy.

Preliminary results indicate that the barrier disruptors elicit
early effects. In DON-treated groups, the levels of the pro-
inflammatory cytokines TNF-� and IL-6 in the draining lymph
nodes were higher than in the other groups at 4 hours in both
experiments. The levels of IL-33 in ileum and TSLP in duodenum
were higher at 4 hours in the first experiment, when PE was given
together with DON. This trend was not detected in the second
experiment when PE was excluded, suggesting a role of PE.

Preliminary analyses suggest that different barrier disruptors
affect different early markers of barrier function as well as immune
activation. Thus, no single marker but rather a set of markers,
are needed to identify barrier disruptors with allergy-promoting
capacity. Our results also suggest that co-exposure with PE had
an effect on the local response in the intestine. Investigation of the
allergy promoting capacity of the compounds is ongoing in the food
allergy model.

https://doi.org/10.1016/j.toxlet.2018.06.825
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P13-03
Identification of potential tattoo allergens by
combining in vitro assays and chemical analysis
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Tattoo allergies are severe side effects related to the permanent
deposition of pigments in the dermal layer of the skin. Even though
most type IV delayed hypersensitivity reactions are observed in the
red color spectrum, the true allergen is rarely identified. So far, just a
few metallic allergens and one organic pigment were reliably linked
to allergic tattoo reactions. Organic pigments are only thought to act
as pro- or pre-haptens since they lack water solubility and therefore
hardly interact with biomolecules in physiological media. Based on
this, degradation products became the main suspects in focus.

Based on the analysis of more than 100 skin samples of
patients with red tattoo allergies, we identified the most common
organic tattoo pigments correlating with these reactions. Possi-
ble degradation products of these pigments were deduced from
substances found after laser irradiation, sunlight exposure and
pyrolysis. In addition, we identified UV degradation products using
untargeted quadrupole time-of-flight tandem mass spectrometry
(qTOF-MS/MS). We selected known sensitizers, irritants, carcino-
gens and other suspected substances for further testing. The Direct
Peptide Binding Assay (DPRA) was applied to identify substances
that are able to bind to peptides, which is a key event in sensiti-
zation. Additionally, the activation of immune cells was analyzed
using the Human Cell Line Activation Test (hClat).

We found that the majority of organic pigments in the tattoo
allergy skin samples belong to the azo pigment class. These pig-
ments are known to be easily degraded upon sun light or laser
irradiation. Also, cleavage of the azo bond by reductases in vivo
may occur. Most common degradation products are primary aro-
matic amines cleaved from either azo or amide bonds present in the
molecule. Among other substances, 2-aminophenol showed posi-
tive test results in the DPRA. This substance is as yet only classified
as “suspected of causing genetic defects” by the harmonized classi-
fication of the European Chemicals Agency (ECHA). However, ECHA
refers to data from manufacturers supporting that 2-aminophenol
may cause skin sensitization.

The results derived from this study should lead to the devel-
opment of a skin patch test series for identification of sensitizing
substances in tattoo allergies. In the long run, tattoo pigments likely
to release these substances should be banned for use in tattoo inks.

https://doi.org/10.1016/j.toxlet.2018.06.826
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In vitro assessment of medical device extracts
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F. Cottrez 2 , C. Pellevoisin 1,∗, K. Coleman 3, H. Groux 2

1 EPISKIN Academy, Lyon, France
2 ImmunoSearch, Grasse, France
3 Medtronic PLC, Minneapolis, US

The ISO norm 10993 part 10 describes the procedure for the assess-
ment of medical devices and their constituent materials with regard
to their potential to produce irritation and skin sensitization. The
success of the recent Round Robin Study to assess in vitro skin

irritation of medical devices extracts, with Reconstructed Human
Epidermis (RhE) models, opened the way to in vitro approaches
for this endpoint. For skin sensitization of medical devices, animal
methods are still requested. The goal of this study was to evaluate
the capacity of the SENS-IS assay to predict skin sensitization of
medical devices extracts.

Based on a comprehensive analysis of skin sensitization, the
SENS-IS assay uses the quantitative analysis of multiple spe-
cific biomarkers, expressed in EPISKIN model, a 3D reconstructed
human epidermis. ImmunoSearch, developed this assay after ana-
lyzing genes modulated during the sensitization process either
on mice (LLNA) or human (blisters). The panel of sensitization
biomarkers defined includes genes already identified as markers,
such as the ARE family, and others not yet associated with the
sensitization process (called SENS-IS gene subset).

Solvents used for extraction of medical devices, polar (phys-
iological saline) and nonpolar (sesame oil), were spiked with
different concentrations of sensitizer and successfully detected
with SENS-IS assay in the Episkin model and the SkinEthic RHE
model. Then, samples of polymers used in medical device indus-
try, MED-2000 silicone, were loaded with 6 known sensitizers (10%
final concentration): 1-phenyl-1,2 propanedione, 1-Chroro-2,4-
dinitrobenzene, Diethyl maleate, p-Benzoquinone, Propyl gallate
and Phenyl Benzoate and extracted in polar and nonpolar solvents
in accordance with ISO 10993-12:2012.

After optimization of the original protocol used for neat chem-
icals, the SENS-IS method was able to correctly classify the 6
polymers.

These preliminary results show that the EpiSkin model and the
SkinEthicTM-RHE model could be used in the SENS-IS assay to assess
the sensitizing potential of medical devices extracts. Further stud-
ies are engaged with a more comprehensive set of molecules. If
confirmed, these results would allow toxicologists, familiar with
either the EpiSkin or the SkinEthic-RHE model to assess skin sensi-
tization with the SENS-IS assay.

https://doi.org/10.1016/j.toxlet.2018.06.827
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Evaluation of an integrated strategy for skin
allergy risk assessment using six ingredients
and two cosmetic product types
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Our aim is to apply mechanistic and clinical understanding to
develop a risk assessment approach for skin allergy that does not
require new animal test data and addresses novel exposure scenar-
ios, while better characterising uncertainty.

Our Integrated Strategy for Skin Allergy Risk Assessment (SARA)
is a tiered model-based approach that predicts the probability of
human skin sensitisation to an ingredient occurring following a
given product exposure, with explicit uncertainty. The first tier is
a probabilistic, weight of evidence (WoE) human potency model
designed to use historical in vivo (HRIPT), in vitro (DPRA, Kerati-
nosens, hCLAT, SENS-IS and U-SENS) and in silico (DEREK-NEXUS)
hazard information to inform an initial prediction of human skin
allergy risk which can be combined with an applied dose model. A
skin toxicokinetic (TK) model may also be utilised as an additional
tier that can further reduce uncertainty in the risk prediction from
the clinical potency model by extrapolating from the HRIPT expo-
sure to a market scenario.The Integrated Strategy for SARA has been
evaluated using six case study ingredients included at 0.2% in two
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products types, face cream and shampoo. The results from the first-
tier analysis are given as the probability of human skin sensitisation
occurring following a given product exposure. The output from the
Integrated Strategy for SARA allows a decision to be made using
probability of skin sensitisation induction as a risk metric without
the need for new animal data.

https://doi.org/10.1016/j.toxlet.2018.06.828
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Implication of TGF-� in the immunosuppressive
functions of mesotheliomagenic macrophages
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F. Huaux

UCL (Université catholique de Louvain), LTAP, Bruxelles, Belgium

Introduction: Malignant Mesothelioma (MM) is a cancer of peri-
toneal and pleural serous membranes induced by asbestos and
carbon nanotubes (CNT). MM remains a contemporary health prob-
lem, the World Health Organisation (WHO) is expecting a peak of
incidence in 2020. We suggested that carcinogenic fibers possess
the intrinsic capacity to induce a preferential, rapid and sustained
accumulation of macrophages that promote early immunosup-
pressive microenvironment, tumor cell evasion and mesothelioma
development.

Aims: The goal of the present study is to determine by which
mechanisms mesotheliomagenic macrophages are immunosup-
pressive and specifically suppress T lymphocyte functions after
carcinogenic fiber exposure.

Methods and Results: We analyzed the entire transcriptome
profile (Illumina array) of peritoneal macrophages collected from
Wistar rats treated with mesotheliomagenic (asbestos or CNT-7,
i.p. injection) and non-mesotheliomagenic fibers (tangled car-
bon nanotubes or CNT-T) and identified specific sets of genes
which may explain the immunosuppressive properties of mesothe-
liomagenic macrophages. We found that pathways related to the
TGF-� superfamily could be used for distinguishing macrophages
from peritoneal mesothelioma. In particular, Syndecan-1, a trans-
membrane heparan sulfate proteoglycan implicated in TGF-�
signaling, is specifically expressed by peritoneal macrophages
from CNT-7-treated rats. Mesotheliomagenic macrophages also
express integrin �3 recently implicated in the activation of TGF-
�. Transglutaminase-2, an extracellular matrix enzyme that plays
a role in the interaction between latent TGF-� and extracellular
matrix, represents an additional TGF-� activation signature. More-
over, we also noticed an increase of TGF-� levels in peritoneal fluid
from rats exposed to CNT-7 comparatively to CNT-T.

Conclusions: Our data support an important role of TGF-� acti-
vation in immunosuppressive functions of macrophages during the
development of experimental mesothelioma.

https://doi.org/10.1016/j.toxlet.2018.06.829
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Microbiome composition of air samples from
livestock farms and their effect on innate
immune receptors and cells
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G. Folkerts 3, F.R. Cassee 1,2, E. Pinelli 1

1 National Institution for Public Health and Environment, Centre for
Environment Health, Bilthoven, Netherlands
2 Utrecht University, Institute for Risk Assessment Sciences, Utrecht,
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3 Utrecht University, Department of Pharmacology and
Pathophysiology, Utrecht, Netherlands

Patients with respiratory diseases in rural areas have been reported
to have enhanced responsiveness to ambient particulate matter
(PM) (Brunekreef et al., 2002; Pope et al., 2009). In addition to
the physical and chemical components, ambient PM can contain
microorganisms or parts thereof which is referred here as BioPM.
The aim of this study is to characterize the microbial composition of
BioPM originating from livestock, and to investigate whether these
BioPM can trigger the activation of innate receptors and cells.

Coarse (2.5–10 �m) and fine (<2.5 �m) indoor BioPM were
collected from various animal farms using the versatile aerosol
concentration enrichment system (VACES). The fungal and bacte-
rial community was assessed with an amplicon based approach
using Next Generation Sequencing (NGS). In parallel, HEK-Blue cells
expressing different pattern recognition receptors (Toll like recep-
tors (TLR) 2,3,4,5,7,8,9 and NOD 1,2) and a human monocytic cell
line (MM6) were exposed to increasing concentrations of BioPM
from these sites. The levels of secreted embryonic alkaline phos-
phatase (SEAP) and cytokine (Interleukin-6, IL-6) were measured
indicating TLR and MM6 activation respectively. TLR antagonists
or blocking antibodies were used to examine the role of specific
TLR on MM6 activation.

Results indicate distinct airborne microbiota profiles associated
with the corresponding animal farm. Moreover, the various BioPM
contained mainly ligands for TLR2 and TLR4 resulting in a dose-
dependent production of IL-6 by MM6 cells. In addition to TLR2 and
TLR4 only the pig-derived BioPM induced TLR5 activation. Blocking
experiments indicate that only blocking TLR4 interfered with the IL-
6 production by the MM6 cells upon stimulation with these BioPM.

These findings indicate that BioPM from livestock can activate
innate cells and therefore, trigger inflammatory responses. Knowl-
edge on the microbial composition of BioPM derived from different
farms and understanding what type of inflammatory responses
they induce is crucial for future studies on the effect of that expo-
sure to BioPM may have on respiratory symptoms. Such as asthma,
which is expected to increase in the next two decennia, resulting in
expenditures up to 900 million euros per year in the Netherlands.

This work was supported by the Dutch Ministry for Public Health
and the Environment under grant S/121012/01.

https://doi.org/10.1016/j.toxlet.2018.06.830
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P13-08
Effects of exposure of T cells to fine particulate
matter and the influence of age; a prospective
pilot study

M. Al Zallouha 1,∗ , S. Billet 1, Y. Landkocz 1, M. Borgie 1,
S. Poddighe 1, R. Delepée 2, F. Ledoux 1, F. Cazier 5, J.J. Vitagliano 3,
F. Visade 4, A. Verdin 1, P. Martin 1, P. Gosset 1,6, D. Courcot 1

1 Université du Littoral Côte d’Opale, EA4492 UCEIV, Dunkerque,
France
2 Normandie Université, UCBN, EA4651 ABTE, Caen, France
3 Groupement des Hôpitaux de l’Institut Catholique de Lille, Direction
de la Recherche Médicale, Lille, France
4 Groupement des Hôpitaux de l’Institut Catholique de Lille, Service
de gériatrie, Médecine interne, Lille, France
5 Université du Littoral Côte d’Opale, Centre Commun de Mesures,
Dunkerque, France
6 Groupement des Hôpitaux de l’Institut Catholique de Lille, Service
d’Anatomie pathologique, Lille, France

Air pollution is known to be associated with increase morbidity
and mortality. Atmospheric fine particulate matter (FP) is able to
enter the lungs where some compounds can reach the bloodstream
and enter in contact with immune cells. Ageing is accompanied by
many changes in the body: immunosenescence involves changes in
the organization and the functions of the immune system making
elderly more vulnerable. The project aims to identify the effects of
FP on human T lymphocytes while attempting to firstly determine
biomarkers related to exposure and secondly to evaluate the varia-
tion of the cellular response as a function of age. T cells were isolated
from blood samples of 90 healthy volunteers belonging to three age
groups (20–30, 45–55, 70–85 years) then exposed ex vivo for 72 h
to 45 �g/�L of FP collected in Dunkirk. Analyses of the exposed T
cells were then performed using transcriptomics, metabolomics,
DNA adductomics and cytokines quantification. We have demon-
strated that T cells exposure to FP caused an induction of the genes
CYP1A1, CYP2S1 and NQO1 coding for the enzymes involved in the
metabolic activation of organic compounds such as PAHs identi-
fied in the PF sample. We could then detect DNA adducts of organic
metabolites, BaP Diol Epoxyde (BPDE) and formaldehyde, and of
oxidative stress markers, 4-hydroxy-2-nonenal (4-HNE) and mal-
ondialdehyde. The implication of oxidative stress in this toxicity
was confirmed by the detection of a decrease of cystein level dur-
ing the metabolomics analysis performed on T cells supernatants.
Characterization of the T cells profile made it possible to propose
a mixed Th1/Th2 profile caused by the exposure. The transcrip-
tomic study, using Affymetrix array then confirmed by qPCR, finally
revealed an overexpression of several miRNAs such as miR-124-3p
involved in the regulation of several functions in the immune sys-
tem and miR-1290 involved in several types of cancer. Concerning
the influence of age, overexpression of the genes coding for the
antioxidant enzymes (NQO1 and HMOX1), an increase in the con-
centration of cytokines (IL-4 and IL-13) as well as a modification of
the expression profile of some miRNAs were noted in the elderly.
These results showed that exposure of T cells to FP causes effects at
the transcriptomics, metabolomics and DNA adductomics levels.

https://doi.org/10.1016/j.toxlet.2018.06.831

P13-09
Effect of kynurenic acid and metformin on
mercury-exposed SH-SY5Y cells

A.B. Engin 1,∗ , D. Karakisa 1, E.D. Engin 2

1 Gazi University, Faculty of Pharmacy, Department of Toxicology,
Ankara, Turkey
2 Ankara University, Biotechnology Institute, Ankara, Turkey

Environmental mercury exposure is an inevitable threat to human
health. It has been proposed that the reduction in adenosine
monophosphate activated protein kinase (AMPK), a regulator of
cellular energy homeostasis, makes cells highly susceptible to
methyl mercury toxicity. Glutamate activates AMPK through N-
methyl-d-aspartate (NMDA) receptor, while metformin promotes
phosphorylation of AMPK. Methyl mercury easily crosses the
blood-brain barrier, however it is not known whether the NMDA
receptor inhibition by kynurenic acid (KynA) or stimulation of
AMPK by metformin might reduce the mercury-induced dam-
age in dopaminergic neurons. This study evaluated the effects
of KynA and metformin on mercury-induced toxicity in SH-SY5Y
cells. SH-SY5Y neuroblastoma cells were exposed to various con-
centrations of methyl mercury at different time periods. Mercury
exposed cells were incubated with KynA or metformin. Total
mitochondrial metabolic activity and oxidative stress intensity
coefficient were determined, and nitric oxide levels were measured
spectrophotometrically. Mercury compound caused a remarkable
increase in the mitochondrial oxidative stress of SH-SY5Y cells
in glutamine-containing medium. By increasing dose and dura-
tion of mercury exposure, metformin exacerbated the neuronal
oxidative stress and decreased mitochondrial metabolic activity.
KynA supplementation presented a significant protective effect
against methyl mercury toxicity with glutamate transmission. Sur-
prisingly, despite being an AMPK activator, metformin strongly
enhanced the toxic effect of 5 �M methyl mercury on SH-SY5Y
cells. Further studies should be made considering the association
between AMPK and methyl mercury toxicity.

This study was partially supported by The Scientific and Tech-
nological Research Council of Turkey, 214S112.

https://doi.org/10.1016/j.toxlet.2018.06.832

P13-10
Immunoprotective effects of selenium on
hepatorenal toxicity induced by scorpion
venom

A. Megdad-Lamraoui ∗ , S. Adi-Bessalem, F. Laraba-Djebari

University of Sciences and Technology Houari Boumediene, Cellular
and Molecular Biology, Algiers, Algeria

Scorpion venom compounds are able to induce alteration and
dysfunction of the host organs such as liver and kidneys. These
effects can be attributed to the activation of an inflammatory
response. Trace elements such as selenium are known to exert mul-
tiple beneficial effects including anti-inflammatory and antioxidant
action related to various diseases (inflammatory bowel diseases,
arthritis. . .). However, studies related to the protective effects of
trace elements against the induced inflammatory response by scor-
pion venom are scarce. The aim of this study is to investigate the
potential immunoprotective effects of selenium in the induced hep-
atorenal toxicity by Androctonus australis hector venom.

Selenium was therefore, administered to mice orally during
2 weeks prior to the injection of a sublethal dose of scorpion
venom. The hepatorenal inflammation response was assessed
twenty four hours after the envenomation of mice by the mea-

https://doi.org/10.1016/j.toxlet.2018.06.831
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surement of vascular permeability changes, edema formation,
oxidative/nitrosative stress markers levels and also by histological
examination.

The results showed that the venom induced inflammatory
disorders characterized by an increase of levels of reactive
oxygen/nitrogen species, lipid peroxidation, and a decreased
antioxidant defense. Moreover, significant alterations of the hep-
atic tissue such as hemorrhages and cell degeneration were also
observed. The administration of selenium prevented the induced
hepatorenal toxicity by the venom, as evidenced by a decreased
edema formation, leukocyte infiltration, nitric oxide and thiobar-
bituric acid-reactive substances levels in the liver and the kidneys,
as well as a reduced incidence of hepatorenal tissue alteration.

These results indicate that the selenium is able to exhibit potent
protective effects against the induced inflammation response and
oxidative/nitrosative stress by the venom, in hepatic and renal
tissues, probably by inhibiting oxidative damage and increasing
antioxidant defense. However, more researches are needed to bet-
ter understand the exact mechanism by which selenium prevents
the induced hepatorenal toxicity by scorpion venom.

https://doi.org/10.1016/j.toxlet.2018.06.833

P13-11
Up-regulation of bisphenol A-mediated BAFF
expression in Raw264.7 murine macrophages

S.H. Lee , S.S. Yoon, E.Y. Moon ∗

Sejong University, Bioscience and Biotechnology, Seoul, Republic of
Korea

Rheumatoid arthritis (RA) is a long-term autoimmune disorder that
is pathologically occurred by immune responses of many cell types,
including T cells, B cells, and macrophages. B-cell activating fac-
tor (BAFF) plays a role in the maturation and maintenance of B
cells, which is associated with RA. Fibroblast-like synoviocytes (FLS)
also play a key role in producing inflammatory cytokines that con-
tribute to cartilage destruction. Rheumatoid FLS develop a unique
aggressive phenotype that increases invasiveness into the extracel-
lular matrix and further exacerbates joint damage. We previously
reported that BAFF expression was increased in MH7A synovial
cells transfected with the SV40 T antigen. In addition, FLS could
activate macrophages to increase BAFF expression. Bisphenol A
(BPA), an organic synthetic compound, is widely used to make cer-
tain plastics such as water bottles, sports equipment, DVDs and
CDs. Epoxy resins containing BPA are also used to line water pipes,
as coatings on the inside of many food and beverage cans and in
making thermal paper such as that used in sales receipts. BPA is a
xenoestrogen, exhibiting estrogen mimicking, hormone-like prop-
erties. Here, we investigated whether BPA affect BAFF expression
in macrophages to influence the damage of synovial tissues. We are
also studying the polarization into M1- or M2-type macrophages
by BPA. Taken together, these data demonstrate that macrophages
were activated by the incubation with BPA, which up-regulated
BAFF expression. This suggests that individuals at high risk for
autoimmune disease should avoid long-term exposure to BPA and
its analogues.

https://doi.org/10.1016/j.toxlet.2018.06.834

P13-12
Evaluation of cytotoxicity and in silico epitope
prediction of a PEGylated snake venom serine
protease: a step closer to therapeutic
applications

E.L. Pinheiro-Junior 1,∗ , J. Boldrini-França 1, T.R. Costa 1,
A.A.S. Takeda 2, S.V. Sampaio 1, M.R.M. Fontes 2, E.C. Arantes 1

1 School of Pharmaceutical Sciences of Ribeirão Preto – University of
São Paulo, Ribeirão Preto, Brazil
2 Institute of Biosciences – São Paulo State University, Botucatu, Brazil

Introduction and purpose: rCollinein-1 is a recombinant snake
venom serine protease (SVSP) derived from Crotalus durissus
collilineatus venom. This SVSP has a thrombin-like effect and inter-
feres in blood coagulation, being considered a promising molecule
targeting the development of novel biopharmaceuticals to treat
hemostatic disorders. However, heterologous proteins may be
immunogenic. In this regard, PEGylating proteins emerges as a
strategy targeting the suppression of the immune system response.
Thus, this work proposed the comparison of the cytotoxicity in
peripheral blood mononuclear cells (PBMC) of rCollinein-1 and its
PEGylated form and the in silico epitope prediction within the struc-
ture of rCollinein-1.

Methods: rCollinein-1 was expressed in Pichia pastoris sys-
tem and purified employing immobilized metal affinity (IMAC)
and ion exchange chromatographies. The protein was PEGy-
lated using a 5 kDa PEG-derived polymer. Protein structure was
evaluated using circular dichroism (CD). The degradation of a
chromogenic substrate was employed to evaluate their enzymatic
parameters. Cytotoxicity was investigated in human PBMC in five
concentrations. In silico epitope prediction was performed using
ABCpred server (imtech.res.in/raghava/abcpred/). SWISS-MODEL
(swissmodel.expasy.org) was employed to build the molecular
model.

Results: PEGylated rCollinein-1 maintained its enzymatic prop-
erties and CD revealed the secondary structure contents were
similar between rCollinein-1 and its PEGylated form. These results
indicate the preservation of protein conformation after PEGylation.
Both enzymes showed to be non-toxic to PBMC in all tested con-
centrations, with cell viability higher than 85%. Regarding epitopes
prediction, four peptides with 16 amino acid residues presented
a high score to be immunogenic (>0.85). They are located in the
surface of the protein structure, near to possible sites of PEGylation.

Conclusions: PEGylating rCollinein-1 did not change its struc-
ture and has no influence on its toxicity. The epitopes with
highest score to be immunogenic lie close to sites of PEGylation.
Consequently, PEGylating rCollinein-1 may be an interesting mod-
ification targeting the reduction of immunogenicity, allowing its
therapeutic applications.

https://doi.org/10.1016/j.toxlet.2018.06.835
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P13-13
Irritant-induced asthma to hypochlorite in
mice due to impairment of the airway barrier
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G. Vande Velde 2, A.-C. Jonckheere 3, T. Decaesteker 4,
E. Verbeken 5, B. Nemery 1, P.H.M. Hoet 1
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4 KU Leuven, Respiratory Diseases, Leuven, Belgium
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Inhalation of commonly present irritants, such as chlorine and chlo-
rine derivatives, can cause adverse respiratory effects, including
irritant-induced asthma (IIA). We hypothesize that due to airway
barrier impairment, exposure to hypochlorite (ClO−) can result in
airway hypersensitivity.

C57Bl/6 mice received an intra-peritoneal (i.p.) injection of the
airway damaging agent naphthalene (NA, 200 mg/kg body weight)
or vehicle (mineral oil, MO). In vivo micro-computed tomography
(CT) images of the lungs were acquired before and at regular time
points after the i.p. treatment. After a recovery period of 14 days an
intranasal (i.n.) challenge with 0.003% active chlorine (in ClO−) or
vehicle (distilled water, H2O) was given, followed by assessment of
the breathing frequency. One day later, pulmonary function, along
with pulmonary inflammation was determined. Lung permeability
was assessed by means of total broncho-alveolar lavage (BAL) pro-
tein content and plasma surfactant protein (SP)-D levels. Dendritic
cells (DC) and innate lymphoid cells (ILC) of the lungs are measured
using FACS.

In vivo micro-CT imaging revealed enlargement of the lungs and
airways early after NA treatment, with a return to normal at day
14. When challenged i.n. with ClO−, NA-pretreated mice imme-
diately responded with a sensory irritant response. Twenty-four
hours later, NA/ClO− mice showed airway hyperreactivity (AHR),
accompanied by a neutrophilic and eosinophilic inflammation. NA
administration followed by ClO− induced airway barrier impair-
ment, as shown by increased broncho-alveolar lavage (BAL) protein
and plasma surfactant protein (SP)-D concentrations; histology
revealed epithelial denudation.

These data proves that NA-induced lung impairment renders
the lungs of mice more sensitive to an airway challenge with ClO−,
confirming the hypothesis that incomplete barrier repair, followed
by irritant exposure results in airway hypersensitivity.

https://doi.org/10.1016/j.toxlet.2018.06.836
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GMO safety assessment in the Russian
Federation: the immunotoxicological studies
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The Russian system of genetically modified organisms (GMO)
safety assessment within the framework of their state registra-
tion includes the study of toxic and allergenic properties of the
new product in in vivo experiments. The study of immunotoxic
and sensitizing features is carried out in experiments on mice of
CBA and C57B1/6 lines in four tests: (1) the effect on the humoral
immunity is evaluated with hemagglutination test; (2) the effect
on the cellular immunity is evaluated with delayed-type hyper-
sensitivity reaction; (3) the sensitizing effect is evaluated with
histamine sensitivity test; (4) the resistance is evaluated on a model

of Salmonella typhimurium (strain 415) intraperitoneal infection.
The study of GMO allergenic potential is studied on a model of rats’
systemic anaphylaxis, induced by ovalbumin. The method includes
the assessment (1) of systemic anaphylaxis severity and (2) of cir-
culating antibodies (subclasses IgG1 + IgG4) level.

The advent of new genetic engineering technologies and new
GM plants requires the existing safety assessment system improve-
ment, not excepting the methodology of the immunotoxicity and
allergenicity research.

As the most promising parameters that can describe the
immune status, are being considered the main cytokines: pro
- and anti-inflammatory (IL-1,IL-6, IL-8,TNF-�,IFN-�;IL-4,IL-10,IL-
13), cell regulators (IL-1, IL-2, IL-10,IL-12,IFN-�) and humoral
immune response regulators (IL-4, IL-5, IL-6, IL-10, IL-13, IFN-�),
the basic immunoregulatory chemokines, the adhesion molecules,
and immunoglobulins (IgG, IgE) in serum, and the cell population
structure (CD) markers on the cell surface.

Taking into account the wide range of indicators that can be
determined with modern research methods, one of the main tasks
of GMO safety assessment system improving is the formation of an
optimal list of parameters that can be used in immunotoxicological
studies.

This work was carried out within the state assignment of FASO
Russia (theme No. 0529-2014-0047).

https://doi.org/10.1016/j.toxlet.2018.06.837
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1,2-Diacetylbenzene with inflammatory related
pathway associated neurotoxicity

M.-S. Kim ∗ , S.-W. Kang

Sunchon National University, Pharmacy, Suncheon, Republic of Korea

The older people are more susceptible by environmental factors.
Organic solvents are used widely in industry and in everyday life;
they are found in paints, cosmetics, drugs, and gasoline. We’ve been
reported environmental neurotic metabolite, 1,2-diacetylbenzene
(DAB), DAB causes central and peripheral neuropathies that lead to
motor neuronal deficits. DAB increases oxidative stress and protein
adducts formation along with impaired hippocampal neurogenesis
in mice.

To explore the link between neurodegenerative disease and
exposure to DAB, we treated the DAB (3.0 mg/kg) in young (6
months) and old (21 months) Sprague Dawley rats for 1 week.
RNA was isolated and applied RNAseq technique. The transcrip-
tome analysis of mRNA reveals that DAB has the different effects
on young and old rats. Young rats showed increased the genes
which are related to metabolism and excretion. However, old
rats showed increased response in inflammatory and immune
responses. The inflammatory responses in old rats by DAB was
very similar with gene expression pattern which is regulated by the
bacterial endotoxin lipopolysaccharide (LPS). Especially in old rat
group showed increased prolactin level. Prolactin plays an essential
role in metabolism, regulation of immune response. We also con-
firmed up-regulated genes that are related to inflammation-related
pathway by real time PCR. These results might be helpful to eluci-
date the underlying mechanism of neurotoxicity by DAB especially
in older people.

https://doi.org/10.1016/j.toxlet.2018.06.838
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Dose-dependent sensitization effects of
transcutaneously exposed acid-hydrolyzed
wheat protein
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Novel mouse skin sensitization model with ovalbumin (OVA) as
antigen has been developed which is sufficient to detect key
immune pathway necessary for immediate hypersensitivity reac-
tion. But more alternative and widely exposed antigen than OVA
is needed to consider in this model since it is rear to be tran-
scutaneously sensitized with OVA. We investigated immunological
and histopathological changes of mice transcutaneously sensitized
with acid-hydrolyzed wheat protein (HWP), which was reported to
induce immediate hypersensitivity to human.

HWP at a dose of 0.22, 1.1, 5.4, 27 and 135 �g was applied
in skin patches to the left flanks of 8-week old BALB/c female
mice 3 days a week for 4 weeks, and immune responses were
evoked with 270 �g of HWP given via intraperitoneal route. Rectal
temperatures, scores on anaphylactic responses, plasma histamine
levels and histopathological changes were evaluated. In over 5.4 �g
HWP groups evocated via intraperitoneal injection, increased IgG1
and IgE levels after sensitization and with augmented anaphylaxis
scores after evocation were noted as compared with vehicle control.
In over 27 �g HWP groups and 135 �g HWP group, decreased rectal
temperature and increased plasma histamine levels were observed
as compared with vehicle control, respectively. Ki67-positive ger-
minal center in the regional axillary lymph node was observed
more frequently in over 5.4 �g HWP groups.

Thus when mice were sensitized transcutaneously to HWP,
sufficient sensitization potential in skin sensitization model was
showed at low dose. These results suggest that HWP is promising
effective antigen at comparable low dose to OVA (2 �g).

https://doi.org/10.1016/j.toxlet.2018.06.839
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Advances in preclinical human immune
response studies – redefining immunogenicity

M. Alam ∗ , R. Choudhury, R.-J. Lamers

Immundnz Ltd, Macclesfield, UK

We raise the important issue of understanding drug immunogenic-
ity. There is much ignorance on the term and the current perception
of the ‘immunogenicity’ of a drug is rather misguided and limited
to its ‘antigenicity’ property only, hence the scope of understand-
ing and testing the actual immunogenicity of a drug remains very
much ignored and misunderstood. The immunology of a drug and
its immunologic safety are critical matters in the development of a
drug. One third of all drugs in development fail prior to reaching the
market due to drug-induced organ toxicity of which immunotox-
icity or immunogenicity could be a contributing factor. This poses
a significant financial burden to drug-developing companies. One

major shortcoming in the preclinical study is that the testing of
ADAs is a measure of the antigenicity of a drug only rather than
the full scale immunogenicity. The immune response against drug-
induced damaged tissue is ignored and drugs with the greater risk
of causing secondary pathology in vital organs such as lungs or ner-
vous system pass onto clinical phase and even the market. Drugs
can also injure non-target tissue generating serious pathology, such
as lung fibrosis by amiodarone. Another shortcoming is the viabil-
ity of preclinical studies due to the dependence on animal models
with translation from animals to human being a serious risk. This
leaves the possibility of injury or fatality in clinical trials. The FDA
and EMA require better understanding of drug immuno-toxicology
that can be achieved through integrated assays that analyse novel
markers of damage and immune response. We are running a series
of in vitro human cell based assays to test drug induced tissue dam-
age, biomarkers and the immune response against damaged tissue.
Our aim is to develop an in vitro platform that can model immuno-
genicity of drugs and robustly predict the human immune response
to a greater extent. Compared to downstream analysis in liver and
kidney in conventional toxicology such studies are very upstream
in the drug pathway. This will bring a whole meaning to immuno-
genicity and make drug development more translational and safer.
This platform applies to both small and large molecules and to all
therapeutic areas including oncology. By generating more critical
information on drug immune safety at preclinical stage we can
avoid TeGenero-like scenarios and be better prepared rather than
waiting for dangerous outcomes to happen in the clinical phase.

https://doi.org/10.1016/j.toxlet.2018.06.841
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Reduced risk of allergy induction for
hairdressers? An occupational risk assessment
for the new oxidative hair dye
2-methoxymethyl-p-phenylenediamine
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2 Kimmel Medical College at Thomas Jefferson University,
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3 Trier University, Department of Environmental Toxicology, Trier,
Germany

Introduction of a methoxymethyl side chain into PPD
yielded the oxidative hair dye precursor 2-methoxymethyl-
p-phenylenediamine (ME-PPD) with excellent hair coloring
performance, and a significantly reduced sensitizing potency
compared to the strong sensitizers p-phenylenediamine (PPD) and
p-toluenediamine (PTD). Occupational exposure of hairdressers
to PPD and PTD has been associated with the development of
allergic contact dermatitis involving the hands. The exposure of
hairdressers’ hands to ME-PPD was assessed following typical
working conditions. Samples were obtained after hair dyeing
treatments using a hand rinse method and HPLC analysis. Based
on the exposure data a quantitative risk assessment (QRA) for
the induction of contact sensitization was conducted. Daily hand
exposure concentrations were derived by accounting for wet work,
uneven exposure and inter-individual variability for professionals.
Daily hand exposure was compared with the sensitization induc-
tion potency of ME-PPD defined as the No Expected Sensitization
Induction Levels (NESIL).

First estimations for ME-PPD indicate that the hairdresser hand
exposure level is approximately two orders of magnitude below
its NESIL. Correspondingly, the risk of contact allergy induction
for hairdressers to ME-PPD is significantly reduced compared to
PPD and PTD, with hand exposure levels only 2.7 and 5.9 fold

https://doi.org/10.1016/j.toxlet.2018.06.839
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below the NESIL, respectively. In conclusion, the QRA indicates
that induction risk for contact sensitization to ME-PPD is very low
for hairdressers, because their occupational daily hand exposure
to ME-PPD is approximately two orders of magnitude below the
NESIL.

https://doi.org/10.1016/j.toxlet.2018.06.842

P13-20
Development of cell assays to predict cytokine
storm responses of novel biological
therapeutics

J.R. Munday

Covance, Immunology & Immunotoxicology, Harrogate, UK

There are many examples of immunomodulatory compounds
inducing a significant safety risk associated with cytokine storm
responses. Many investigators have assessed in-vitro cellular
assays for evaluation of this response but these do not always
accurately reflect the true biologic mechanisms taking place.
Importantly, as many new therapeutics are being developed that
are human specific there is an increasing need for human cell based
assays that help predict the safey risks associated with cytokine
storm. This poster reviews some of the assay formats that have been
tested in the field and reviews the disadvantages and advantages of
the specific approaches. The reproducibility and predictive nature
of these approaches will be discussed with the aim of showing how
these approaches can be used to accurately predict the potential for
cytokine storm for novel biologics.

https://doi.org/10.1016/j.toxlet.2018.06.843
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Zinc oxide nano- and bulk-materials interfere
with immunometabolism

N. Herlin 2 , K. Becker 3, M. Paparella 1, P. Fagundes dos Santos 1,3,
H. Schennach 4, D. Fuchs 3, J.M. Gostner 1,∗

1 Medical University of Innsbruck, Medical Biochemistry, Innsbruck,
Austria
2 IRAMIS, NIMBE, Université Paris Saclay, Paris, France
3 Medical University of Innsbruck, Biological Chemistry, Innsbruck,
Austria
4 University Hospital Innsbruck, Central Institute of Blood Transfusion
and Immunology, Innsbruck, Austria

Immunoregulatory pathways tip the scale for either activation of
inflammatory responses or the mediation of suppressive effects.
Upon chemical exposure, type and duration of the immunological
responses decide on the direction of outcomes. For this, metabolic
reprogramming is critical. Importantly, both physical and chemical
characteristics of a chemical may influence the reaction cascades.

The interferon-gamma-induced metabolic pathways of trypto-
phan breakdown to kynurenine via indoleamine 2,3-dioxygenase
(IDO-1), and neopterin formation via GTP-cyclohydrolase in human
peripheral blood mononuclear cells (PBMC) can be used as a reliable
readout to investigate immunomodulatory effects of compounds
and materials.

Zinc oxide (ZnO) nanomaterials are used in technical and chemi-
cal industry, in pharmaceutical, food and cosmetic applications are
frequent, due to the relatively low toxicity and biodegradability.
Exposure of the healthy skin to ZnO and nanomaterials is generally
considered as safe, but there are concerns regarding ZnO containing
aerosols. In real life, the possibility for interferences with biological
processes cannot be excluded.

ZnO bulk material and nanoparticles were analysed in this
in vitro setting in a concentration range from 2.3 to 37.5 �g/ml.
Nanoparticles showed higher cytotoxicity compared to the bulk
material. The kynurenine to tryptophan ratio, a measure of IDO-
1 activity, decreased with all materials dose-dependently in
mitogen-stimulated cells. However, nanomaterial treatment of
unstimulated cells increased IDO-1 activity, while this effect was
less prominent with the bulk treatment. Neopterin concentrations
showed the same trend.

Data indicate that within a certain concentration range, ZnO
nanoparticles may have some activating effect on unstimulated
PBMC, while in stimulated cells and with higher concentrations
immunosuppressive effects prevail. A closer elucidation of these
effects is clearly warranted.

https://doi.org/10.1016/j.toxlet.2018.06.844

P13-22
Olive-derived hydroxytyrosol shows
anti-inflammatory effect without
immunotoxicity

Y. Yonezawa 1,2,∗ , H. Nejishima 1, Y. Takeda 3, K. Imai 3,
H. Ogawa 2,3

1 Kaken Pharmaceutical Co., Ltd., Pharmacokinetics and Safety
Department, Drug Research Center, Fujieda, Japan
2 Gifu University, United Graduate School of Veterinary Sciences,
Yanagido, Gifu, Japan
3 Obihiro University of Agriculture and Veterinary Medicine,
Department of Veterinary Medicine, Obihiro, Japan

The control of inflammation, which arises from complex biologi-
cal responses to harmful stimuli, is an important determinant of
both clinical outcomes and patient comfort. However, the side
effects of many current therapies such as non-steroidal anti-
inflammatory drugs mean that new safe treatments are required.
We previously reported that 12.5 mg/ml hydroxytyrosol (HT)
suppressed gene expression of the inducible nitric oxide (NO) syn-
thase (iNOS) isoform, and NO production, in mouse peritoneal
macrophages treated with lipopolysaccharide (LPS), where nuclear
factor-�B (NF-kB) gene expression was not altered. The present
study evaluated the anti-inflammatory effects of various concen-
trations of HT in LPS-induced RAW264.7 mouse macrophage cells.
HT suppressed NF-kB signaling and downregulated LPS-mediated
expression of iNOS, cyclooxygenase-2, and interleukin-1b at con-
centrations ≥12.5 mg/ml, resulting in reduced production of NO
and prostaglandin E2. Additionally, we aimed to determine whether
HT suppresses COX-2-induced inflammation in a carrageenan-
induced rat paw edema model. Additionally, we compared its
activity with those of the selective COX-2 inhibitor, celecoxib,
and a representative nonsteroidal anti-inflammatory drug (NSAID),
indomethacin. HT, celecoxib, and indomethacin significantly sup-
pressed swelling in carrageenan-injected rat paws. Although HT
was less effective than celecoxib and indomethacin, it had a delayed
onset of action, suggesting that the combined use of HT and cele-
coxib or indomethacin might yield a sustained anti-inflammatory
effect. Moreover, we evaluated whether HT aggravates gastric dam-
age, which is a typical adverse effect associated with NSAIDs, in
an aspirin-induced gastric damage rat model. Unlike celecoxib
and indomethacin, HT did not cause gastric damage when co-
administered with aspirin. Our results indicate that HT displays
potential as a new anti-inflammatory drug without gastric toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.845
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P13-23 Differently functionalized CuO
nanoparticles: efficient antimicrobial against
Escherichia coli or the poison to human
macrophages?

A.-L. Kubo 1,2,∗ , H. Vija 1, A. Kahru 1,3, O. Bondarenko 1

1 National Institute of Chemical Physics and Biophysics, Laboratory of
Environmental Toxicology, Tallinn, Estonia
2 Tallinn University of Technology, School of Science, Tallinn, Estonia
3 Estonian Academy of Sciences, Tallinn, Estonia

CuO nanoparticles (CuO NPs, 1–100 nm) are used in industrial
and consumer products due to their antibacterial properties. The
macrophage-NP interaction is highly important for the distribution,
fate and toxicological profile of NPs.

Here we hypothesized that antibacterial metal-based NPs,
including CuO NPs, that are already used in consumer products
can be harmful to human cells. Since toxicity of CuO towards
various cells may depend on their surface functionalization, four
CuO NPs with primary sizes about 30 nm and different sur-
face functionalizations (coatings) were studied: uncoated CuO,
CuO functionalized with amino group (CuO-NH2), CuO function-
alized with carboxyl group (CuO-COOH) and CuO functionalized
with polyethylene glycol (CuO-PEG). Escherichia coli MG1655
was selected to test antibacterial effects of differently function-
alized CuO. Macrophages differentiated from THP-1 cells in vitro,
were selected for immunotoxicity testing. Differently from all the
previous studies, antibacterial and immunotoxicity tests were per-
formed in the same conditions: incubation at 37 ◦C in 10%-serum
supplemented culture medium. Alamar blue assay was used as the
toxicity endpoint in all cases. In parallel, we measured dissolution
of CuO NPs in these test conditions and the toxicity of ionic Cu (as
CuSO4) as a control for solubility. Toxicity was expressed as EC50
values adjusted to the Cu content.

All tested CuO NPs and ionic control CuSO4 were toxic to
bacterial cells. The antibacterial toxicity (24 h EC50) varied from
19 mg Cu/l (CuO-PEG) to 42 mg Cu/l (uncoated CuO) and the
EC50 values increased in the order CuO-PEG < CuO-NH2 < CuO-
COOH < CuSO4·50) varied from 15 mg Cu/l (CuO-NH2) to >30 mg
Cu/l (CuO-PEG) and the EC50 values increased in the order
CuO-NH2 < uncoated CuO < CuSO4 < CuO-COOH < CuO-PEG. Thus,
CuO-PEG could be the most suitable antibacterials as they were
the most toxic to E. coli cells and not toxic to human immune cells
in vitro. In contrast, CuO-NH2 was significantly more toxic to THP-1
cells then to E. coli cells and is the least favorable as the antibacterial.
This knowledge can be used for the synthesis of more efficient and
safe antimicrobials. This work was supported by Estonian Research
Council grants IUT23-5 and PUT1015.

https://doi.org/10.1016/j.toxlet.2018.06.846
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Quercetin attenuates ergotamine induced
toxicity in rat liver hepatocytes

J. Khalili Fard 1,2,∗ , M. Sattari 3, H. Hamzeiy 3, M.A. Eghbal 3,
S. Jafari 4

1 Lorestan University of Medical Sciences, Faculty of Pharmacy,
Pharmacology and Toxicology Department, Khorramabad, Iran
2 Razi Herbal Medicines Research Center, Lorestan University of
Medical Sciences, Khorramabad, Iran
3 Tabriz University of Medical Sciences, Faculty of Pharmacy,
Pharmacology and Toxicology Department, Tabriz, Iran
4 Tabriz University of Medical Sciences, Faculty of Pharmacy,
Pharmaceutical Nanotechnology Department, Tabriz, Iran

Background: Mycotoxins are secondary metabolites and capable
of causing life-threatening effects. Ergot alkaloids are mycotoxins
which formed by Claviceps species. Among these alkaloids, ergo-
tamine has been commonly prescribed for migraine headaches. Its
mechanisms of toxicity nevertheless has not yet been completely
understood. Among polyphenols, quercetin is mostly distributed in
different fruits and vegetables.

Materials and Methods: In this study hepatocyte lysis and ROS
formation have been investigated using accelerated cytotoxicity
mechanism screening (ACMS).

Results: On the base of our results ergotamine induces ROS for-
mation and lipid peroxidation in freshly isolated rat hepatocytes
in dose dependent manner and these toxicity markers have been
significantly prevented by quercetin.

Conclusion: It is concluded that the ROS formation play a key
role in the ergotamine induced toxicity and quercetin could be
considered as a supplement for who suffers from migraine.

https://doi.org/10.1016/j.toxlet.2018.06.847
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P16-03
Characterization of cytochrome p450 induction
by the type ii pyrethroid lambda-cyhalothrin

A. Anadón ∗ , I. Ares, J.-L. Rodríguez, M. Martínez, B. Lopez-Torres,
D. Roura-Martínez, M.-R. Martínez-Larraññaga, M.-A. Martínez

Universidad Complutense de Madrid, Madrid, Spain

Many pesticides including pyrethroid are subjected to metabolic
biotransformation by hepatic cytochrome P450 (CYP) enzymes.
CYP enzyme induction alters balance between detoxification
and activation and in cases this may lead to enhanced toxicity.
There are numerous examples where CYP enzymes catalyze
metabolic activation of chemically inert agents to electrophiles.
This work showed induction of CYP catalytic activities and mRNA
levels by the pyrethroid lambda-cyhalothrin. Testosterone oxida-
tive metabolism was determined in hepatic microsomes from
control and treated rats. There are evidences that CYP3A1/2,
CYP2A1, CYP2C11 and CYP2B1 isozymes catalyze testosterone
oxidation at the 6�-, 7�-, 16�- and 16�-positions. Microsomal
6�-, 7�-, 16�- and 16�-testosterone hydroxylase activities were
evaluated by conversion of testosterone to 6�-, 7�-, 16�- and
16�-hydroxytestosterone metabolites by HPLC. Quantitative

https://doi.org/10.1016/j.toxlet.2018.06.846
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real-time PCR assays for rat CYP1A1, CYP1A2, CYP2A1, CYP2B1/2,
CYP2E1, CYP3A1/2, and CYP4A1 mRNA were also performed to
analyze mRNA gene expressions. Oral exposure of rats to lambda-
cyhalothrin resulted in a dose-dependent significant increase of
hepatic microsomal testosterone 6�-, 7�- and 16�-hydroxylase
activities. Lambda-cyhalothrin (8 mg/kg bw 6 days) produced sig-
nificant increases in testosterone 6�-hydroxylase (68%, reflecting
CYP3A1/2 activity), testosterone 7�-hydroxylase (52%, reflecting
CYP2A1 activity) and testosterone 16�-hydroxylase (412%, reflect-
ing CYP2B1 activity). CYP2E1 and CYP3A1/2 mRNA levels increased
significantly (at 4 and 8 mg/kg bw 6 days). The major significant
increase of mRNA levels was observed in CYP2B1 (1463% and
961%) and CYP2B2 (604% and 501%) in both treatment groups. It
is concluded that lambda-cyhalothrin induces CYP enzymes which
may enhanced the toxicity of these compounds. Work supported
Projects Ref. S2013/ABI-2728, Comunidad de Madrid, and Ref.
RTA2015-00010-C03-03, Ministerio de Economía, Industria y
Competitividad, Spain.

https://doi.org/10.1016/j.toxlet.2018.06.849
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Reactive oxygen species: the hidden face of
biodegradable Fe-based alloys
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1 Université catholique de Louvain, Louvain Centre for Toxicology and
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2 University of Torino, Department of Chemistry and “G. Scansetti”
Interdepartmental Center for Studies on Asbestos and Other Toxic
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Fe-based materials are currently considered for manufacturing
biodegradable coronary stents. Here we document, for the first
time, the generation of hydroxyl radicals (OH•) during the cor-
rosion of Fe-based materials and their deleterious impacts on
endothelial cells. The generation of OH• was documented by
two independent acellular assays, terephtalic acid hydroxylation
(fluorescence) and formation of spin trapping adducts (electron
paramagnetic resonance spectroscopy). All tested Fe-based mate-
rials exhibited a strong potential to generate OH•, directly from
the incomplete reduction of dissolved oxygen and/or via Fenton
chemistry mediated by Fe ions. The reduction of these signals
in presence of D-mannitol confirmed their specificity for OH•.
Cellular responses were assessed in vitro on two human endothe-
lial primary cells (HUVECs and HAOECs) using colorimetric and
luminescence cytotoxicity assays. Cells were exposed directly to
Fe powder, or to corrosion extracts. Only direct contact with
Fe materials affected cell viability, consistent with the cytotoxic
activity of short-lived OH• produced in direct contact with cells.
To confirm the cellular impact of OH•, mRNA expression of
oxidative stress response genes (heme oxygenase-1 (HO-1) and glu-
tamate cysteine ligase modifier subunit (hGCLM) was also assessed.
The expression of oxidative stress genes was dose-dependently
increased 4 h after direct exposure to the particles, not to
extracts.

The demonstration of OH• production during corrosion and
consequent oxidative stress on endothelial cells provides a new
perspective on the biocompatibility of biodegradable Fe-based
alloys, the future design of Fe-based vascular implants, and the
protocols for assessing their biocompatibility in vitro.

https://doi.org/10.1016/j.toxlet.2018.06.850

P16-05
Gene profiles expressed in hippocampus of
aluminum-treated rats and the significance for
predicting Al-induced neurotoxicity

Q. Niu

Shanxi Medical University, School of Public Health, Taiyuan, China

Objective: Aluminum is a widely exposed neurotoxicant. How-
ever, the molecular mechanism underlying Aluminum toxicity
remains to elucidate. In this study, expression profiling was per-
formed using Illumina next generation sequencing to show the
interfered hippocampus transcription induced by aluminum expo-
sure. The ultimate goal was to find the key transcription changes in
Aluminum-induced neurotoxicity.

Materials and methods: Sub-chronic intraperitoneal injec-
tion of Aluminum-maltolate complex[AL(mal)3] was performed
for 3 months. cDNA libraries were constructed from six rats’
hippocampus (3 in control group and the other 3 in aluminum-
exposed group). DNA-seq analysis of the two groups was performed
using the Illumina HiSeq platform. After transcripts were assem-
bled, expression profiling was performed. Differentially expressed
genes (DEGs) were analyzed using DEseq2 method. Gene ontol-
ogy(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
was employed to analyze the function of DEGs.

Results: 96 up-regulated and 652 down-regulated DEGs were
identified, comparing to the control group. GO analysis results
showed that multiple functional genes are most significantly
affected by aluminum exposure, including gial cell differentiation,
neural transmission and vesicle trafficking. Furthermore, KEGG
pathway analysis results revealed that these DEGs were clustered
in several signal pathway, including ECM-receptor interaction;
PI3K-Akt signaling pathway; Focal adhesion and cAMP signaling
pathway.

Conclusion: Expression profiling identified that the genes
involved in gial cell differentiation, cell adhesion and vesicle
trafficking were candidate genes to be used in the research on
aluminum induced neural toxicity.

(This work is supported by NSFC 81430078, 81372968).

https://doi.org/10.1016/j.toxlet.2018.06.851
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In vivo comparison between two nephrotoxic
agents, sodium fluoride and uranyl nitrate:
phenotypic aspects and molecular mechanisms
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A. Bontemps 1,∗ , L. Conquet 1, C. Elie 1, V. Magneron 1,
C. Gloaguen 1, D. Kereselidze 1, K. Tack 1, O. Barbier 2,
Y. Guéguen 1

1 IRSN, PSE-SANTE/SESANE/LRTOX, Fontenay-Aux-Roses, France
2 CINVESTAV-IPN, México, Mexico

Humans can be exposed at low concentrations to nephrotoxic
agents with anthropogenic and natural origins such as uranium
and fluoride. Nevertheless, there is a lack of knowledge of their
mechanisms of nephrotoxicity. This study aims to compare these
mechanisms in mouse to identify the cellular and molecular path-
ways of toxicity.

C57Bl6 mice are exposed by intraperitoneal injection of uranyl
nitrate (UN) (0, 2, 4, 5 mg/kg) or sodium fluoride (NaF) (0, 2, 5,
7.5, 10 mg/kg) and euthanized 48 h and 72 h later. Renal pheno-
typic aspects and biological mechanisms are evaluated by urinary
biochemistry, gene and protein expressions, enzyme activity, and
histological analyses. Exposure to UN and NaF induces nephro-

https://doi.org/10.1016/j.toxlet.2018.06.849
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toxicity in a dose-dependent manner. 5 mg/kg of UN induces
mild histopathological alterations and respectively 44 and 6-fold
increase in gene expressions of nephrotoxicity markers KIM1 and
osteopontin. In comparison, 10 mg/kg of NaF induces high nephro-
toxicity with histopathological alterations scored as severe and
late appearing parameters of toxicity whereas 7.5 mg/kg induces
mild histopathological scoring and gene expressions of KIM1 and
clusterin enhanced respectively by 70 and 4-fold compared to
control. No signs of nephrotoxicity are observed below 5 mg/kg
of NaF. Clusterin is respectively increased by 2.4 and 4.4-fold in
urines after 7.5 mg/kg and 10 mg/kg injections of NaF. Apoptosis
is evaluated through caspases 3/7 activity which is increased by
210% after UN treatment (5 mg/kg) whereas NaF does not induce
apoptosis. Inflammation is implied in UN and NaF acute nephro-
toxicity as shown by gene and in situ overexpressions of ICAM and
VCAM.

UN and NaF acute exposures resulted in a dose and time-
dependent nephrotoxicity with a higher nephrotoxicity after 72 h.
Inflammation and apoptosis are both involved in UN or NaF toxic-
ity. These observations allow us to identify the mechanisms that
will be studied in a low-dose exposure protocol after a chronic
exposure.

https://doi.org/10.1016/j.toxlet.2018.06.852
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Expression of aryl hydrocarbon receptor in the
developing mouse brain
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Epidemiological and experimental studies have shown that peri-
natal exposure to dioxin induces impaired cognitive function and
behavioral abnormalities in humans and laboratory animals. Dis-
ruption of neuromorphology and expression of neurotransmitter
receptor genes was observed in the brain of rodent offspring in utero
and lactationally exposed to dioxin, suggesting impaired neural
circuit structure and function by dioxin exposure. The aryl hydro-
carbon receptor (AhR) that avidly binds dioxin is a ligand-activated
transcription factor, and ligand-AhR complex induces various tox-
icities through activation of downstream signaling pathway. In
addition, AhR plays important roles in the developing nervous
system of invertebrates and vertebrates. However, there is lit-
tle information on AhR expression in the developing mammalian
brain. To address this issue, the present study was performed
to examine AhR expression in the brain of C57BL/6J mice using
western blot and in situ hybridization techniques. AhR protein
was detected in the brain of 3-day-old mice although its expres-
sion level in the brain was significantly lower than that in the
liver, lung, kidney, thymus, and spleen. Next, we examined AhR
mRNA expression in the brain of embryonic and postnatal mice.
On embryonic day 12.5, AhR mRNA was detected in the innermost
cortical layer. The mRNA was also expressed in the hippocam-
pus, cerebellum, and olfactory bulb of 3- and 14-day-old mice.
In the hippocampus, mRNA expression in the CA1 and CA3 pyra-
midal cell layers was higher than stratum radiaum and oriens,
suggesting that AhR is expressed in a subregion-specific manner.
These results reveal temporal and spatial patterns of AhR expres-
sion in the mouse brain, which may contribute to understanding

mechanisms of developmental neurotoxicity of AhR ligands,
such as dioxin.

https://doi.org/10.1016/j.toxlet.2018.06.853
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Aerosol trapping, optimization and
characterization for comparative in vitro
assessment of combustible and heat-non burn
tobacco platforms
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C. Mathis, S. Frentzel
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There are more than 6,000 chemical constituents in cigarette smoke
(CS), many of them known toxicants or carcinogens. In vitro models,
commonly used in toxicology, are often based on submerged cell
cultures that cannot be exposed to smoke or aerosol directly. It is
thus essential to develop adequate protocols to quantitatively trap
smoke/aerosols in bio compatible solvent to allow testing them in
submerged cell cultures.

With a rigorous Design of Experiment approach, we aimed to
optimize the process of collecting the smoke from the 3R4F refer-
ence cigarette and the aerosol generated from the Tobacco Heating
System (THS) 2.2 in phosphate-buffered saline (PBS) or in ethanol.
In this study, the protocols to generate two different fractions, total
particular matter (TPM) and aqueous extract (AE), were optimized
for these two tobacco products to improve trapping efficiency, A
detailed characterization of the chemical composition of each pro-
duced fraction was subsequently performed.

Trapping efficiencies for TPM and AE were determined by mea-
suring nicotine concentration using a gas chromatography with a
flame ionisation detector and the levels of eight carbonyls quanti-
fied by liquid chromatography with electrospray ionization mass
spectrometry respectively. When comparing the extraction meth-
ods (shaking or syringe) from the Cambridge filter pad, nicotine
concentration for THS 2.2 TPM fraction was slightly higher when
shaking, while for 3R4F TPM, no difference was observed between
the two extraction methods. In order to obtain the highest nicotine
concentration per test item on one filter pad, we found that the
smoke from six 3R4F cigarettes and the aerosol from four THS 2.2
test items were needed. We also found that for the AE preparation,
collecting the aerosol before the puff volume-generating pump in
an impinger filled with ice-cold PBS was important to obtain the
highest carbonyl concentration per test item. Finally, the use of an
impinger that contained glass pearls also improved the trapping
efficiency for 3R4F AE smoke fraction.

In summary, we present optimized protocols for the collection of
TPM and AE fractions from 3R4F and THS 2.2 tobacco products that
may be leveraged in systems toxicology based in-vitro assessments.

https://doi.org/10.1016/j.toxlet.2018.06.854

P16-09
This poster abstract has been withdrawn

https://doi.org/10.1016/j.toxlet.2018.06.1362

https://doi.org/10.1016/j.toxlet.2018.06.852
https://doi.org/10.1016/j.toxlet.2018.06.853
https://doi.org/10.1016/j.toxlet.2018.06.854
https://doi.org/10.1016/j.toxlet.2018.06.1362


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 121

P16-10
Unravelling mechanisms of toxicity induced by
classical PPAR-gamma agonists through
transcriptomic analysis of hiPSC-derived kidney
organoids

S. Busch 1,∗ , J. Sagemark 1, A. Jonebring 2, A.-K. Sjögren 1,
R. Hicks 2, M. Persson 1, J.J. Hornberg 1
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The use of peroxisome proliferator-activated receptor-gamma
agonists as anti-diabetic drugs has been limited due to serious
adverse effects. PPAR-gamma targeting drugs such thiazolidinedi-
ones (TZDs) have been implicated with heart failure which has been
linked to increased fluid retention. However, the exact underlying
molecular mechanisms of PPAR-gamma mediated water resorp-
tion in the kidney are largely unkown. As part of an exploratory
discovery safety strategy we seek to analyze whole transcriptome
profiles upon drug exposure as a tool to decipher PPAR-gamma
associated kidney-specific toxicity. Human induced pluripotent
stem cell (hiPSC)-derived kidney organoids more closely recapit-
ulate the complexity of kidney tissue in vitro than cell line models
with regard to cellular composition and organization. As TZD-
induced adverse outcome in vivo is manifested upon long-term
treatment, an additional benefit of the 3D organoid model is that it
allows for long-term culture and repeated dosing. Therefore, kid-
ney organoids were the model of choice representing a meaningful
model system to study TZD-mediated effects in vitro.

In an effort to cover acute and prolonged drug respone, TZD-
treated kidney organoids are harvested after several exposure
durations and processed for generation of sequencing libraries
from mRNA, to obtain information from the coding transcriptome.
Acquired data from high throughput whole transcriptome sequenc-
ing are subjected to bioinformatic preprocessing prior to integrated
analysis.

Validation of kidney organoid model demonstrates suitable
detection of drug-induced gene expression changes associated with
kidney toxicity, water resorption and ion transport function. Quan-
tification of gene expression data upon TZD exposure indicate the
induction of known PPAR-gamma target genes as well as distinct
transcriptional programs over time. We believe that in conjunc-
tion with future applications using samples of long-term treated
animals, transcriptome analysis is a promising platform to dis-
cover novel mechanisms of toxicity and biomarkers. Ultimately,
identification of safety biomarkers with regard to TZD-induced
transcriptional changes will be crucial in order to overcome the lack
of reliable in vitro methods to de-risk PPAR-gamma during early
drug discovery.

https://doi.org/10.1016/j.toxlet.2018.06.856
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Involvment of ATM/Chk2-p53 signaling
pathway in B[a]P-induced neural cell apoptosis
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A growing body of evidence suggests that air pollution can harm
the brain, accelerating cognitive aging, and may even increase
risk of Alzheimer’s disease and other forms of dementia. Neuronal

apoptosis plays a crucial role in neurodegenerative diseases such as
Alzheimer’s disease. Benzo[a]pyrene (B[a]P), a typical component
of air pollution, can lead to neural cell apoptosis. However, little is
known about the molecular mechanisms in B[a]P-induced neural
cell apoptosis. In this study, Male SD rats were used to establish
models of B[a]P-induced apoptosis, rats were randomly divided
into five groups: the blank control group received no treatment
and the others were received intraperitoneal injection of B[a]P (0,
1.0, 2.5, 6.25 mg/kg.bw) for 1, 2 and 3 months respectively. The
results of immunohistochemistry showed that B[a]P increased
neural cell apoptosis and BPDE-DNA adducts in rat cortex. In the
three dose groups, after 3 months treatment, B[a]P upregulated
expressions of ATM, Chk2, Chk2thr68, p53, p53ser20, PUMA and
cleaved caspase3 proteins in a dose- and time-dependent manners
in rat cortex. The findings suggested that B[a]P-induced cortex
neurons apoptosis through DNA damage, in which ATM/Chk2/p53
pathway play an important role.

https://doi.org/10.1016/j.toxlet.2018.06.857
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Background: Rechargeable Li-ion batteries (LIB) are increasingly
used worldwide. They contain micrometric and low solubility
particles consisting of toxicologically relevant elements. Their pro-
duction and use has increased sharply in recent years, implying a
potential for inhalation exposure in occupational settings. New pro-
posed applications such as printable or spray-paintable batteries
might also expose consumers. The health hazard of these materials
is not documented. We performed the first study on the respira-
tory hazard of 3 leading LIB components (LiFePO4 or LFP, Li4Ti5O12
or LTO, and LiCoO2 or LCO) and investigated their mechanisms of
action.

Methods: Particles were characterized physico-chemically
(composition, morphology, size distribution) and elemental bioac-
cessibility was documented at neutral and acidic pH. Lung
inflammation, oxidative stress, fibrotic responses, and particle per-
sistence were assessed in C57BL/6 and interleukin (IL) -1� deficient
mice after oro-pharyngeal aspiration of LIB particles (0.5 or 2 mg)
or crystalline silica (2 mg) used as reference. The implication of
hypoxia-inducible factor (HIF)-1� in lung toxicity was assessed
in vivo by using chetomin, an inhibitor of HIF-� activity.

Results: LIB compounds contain a significant fraction of res-
pirable particles and their metallic elements are differently
bioaccessible. Acute inflammatory lung responses (including IL-1�)
and oxidative stress were recorded with the 3 LIB particles and sil-
ica, LCO being the most potent. Inflammation persisted 2 m after
LFP, LCO and silica, in association with fibrosis in LCO and silica
lungs. LIB particles persisted in the lung after 2 m and formation of
ferruginous bodies was detected in LCO lungs. In vivo, only LCO and
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silica stabilized intracellular HIF-1�, a marker of Co ion activity,
known to be implicated in inflammation and pro-fibrotic events.
IL-1� deficiency or inhibiting HIF-1� activity significantly reduced
in vivo lung inflammation induced by LCO.

Conclusions: We report here the varying respiratory toxicity of
particles used in LIB, and conclude that they represent a respira-
tory hazard. LCO was at least as potent as crystalline silica to induce
inflammatory and fibrotic responses. IL-1� and HIF-1� might rep-
resent key mediators of the elective lung toxicity of LCO particles.

https://doi.org/10.1016/j.toxlet.2018.06.858
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Synthetic cathinones (SC) comprise a broad group of new psy-
choactive substances structurally related to cathinone, a naturally
occurring stimulant found in the khat plant (Catha Edulis). The
rapidly increasing use of SC, the second largest group of monitored
new drugs, represents a major public health concern in view of
several reports of intoxications and deaths. However, their toxico-
logical data remains scarce. Pregnant and women of childbearing
potential comprise particular risk groups, due to the potential onset
of neurodevelopment disorders in the offspring.

This work aimed at evaluating the in vitro neurotoxicity of four
commonly reported SC, as a first assessment of their effects on
neuronal differentiation.

Briefly, different toxicological parameters (i.e. cell viability,
mitochondrial integrity, energy metabolism) were evalu-
ated in NG108-15 neuroblastoma cells exposed to increasing
concentrations (1 nM–500 �M) of Ethcathinone (Eth-Cat), 4-
Chloroethcathinone (4-CEC), 4-chloro-alpha-pyrrolidinopro-
piophenone (4-Cl-�-PPP) or 4-fluoro-Pyrrolidinohexanophenone
(4F-PHP). Neurite outgrowth was measured as the number of
newly formed neurites per total number of cells, following dif-
ferentiation with forskolin and retinoic acid, in the presence
or absence of SC (single addition at day 0) at in vivo relevant
concentrations (<10 �M).

4F-PHP showed the highest neurotoxicity, significantly decreas-
ing metabolic activity (MTT reduction) above 1 nM and was the only
one inducing membrane integrity loss (LDH release) at 500 �M.
4-Cl-�-PPP only decreased metabolic activity at the highest con-
centration tested, while neither Eth-Cat nor 4-CEC affected cell
viability up to 500 �M. Interestingly, only Eth-Cat induced the
hyperpolarization of the mitochondrial membrane following expo-
sure to 1 and 10 �M and none of the SC significantly altered
intracellular ATP levels up to 100 �M. Moreover, none of the SC
tested affected neurite outgrowth up to 10 �M.

Overall, the tested SC showed different neurotoxicity profiles,
suggesting the involvement of distinct toxicity mechanisms, which
do not seem to affect neuronal differentiation at in vivo relevant
concentrations.

https://doi.org/10.1016/j.toxlet.2018.06.859
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Background: A parental prenatal high fat diet leads to an impaired
metabolic phenotype in mouse offspring. The underlying mecha-
nisms, however, are not yet fully understood. Therefore, this study
investigated whether the impaired metabolic phenotype could
have been programmed through altered gene expression and DNA
methylation in promoter regions.

Methods: Both parent mice received either a high fat or a low fat
diet starting from 6 weeks before gestation, continuing through-
out pregnancy and lactation. At weaning, all offspring mice were
switched to a high fat diet. Analyses were done on liver samples
from male offspring at 12 and 28 weeks of age. Gene expression was
assessed using microarray. Several differentially expressed genes
(Cd163, Hmgcr, Aacs, Lpin1, Saa1, Orm2 and Il1r1) were subsequently
selected for bisulfite pyrosequencing of the promotor region.

Results: Gene set enrichment analysis of microarray data
revealed that metabolic pathways were indeed enriched as a result
of the prenatal high fat diet. Bisulfite pyrosequencing of the pro-
motor regions of Cd163, Hmgcr, Aacs, Lpin1, Saa1, Orm2 and Il1r1
indicated that DNA methylation levels were altered at several tran-
scription factor binding sites.

Conclusion: These results suggest that an impaired metabolic
phenotype in offspring mice due to prenatal high fat diet may be
mediated by gene expression and DNA methylation.

https://doi.org/10.1016/j.toxlet.2018.06.860
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Exposure to respirable silica dusts is associated to severe lung dis-
eases, including silicosis and lung cancer, and is still a current source
of concern for the heath of many workers and those using silica in
nanotechnologies. Crystallinity has always been considered as the
main feature of hazardous silica dusts. However, crystalline silicas
are not all equally pathogenic, and some still unidentified physico-
chemical differences between particles account for the variability
of the silica hazard.

We recently synthesized a set of quartz crystals of respirable
size, exposing as-grown, intact crystal faces. These particles
showed a very low biological activity in a series of cellular tests
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relevant for the pathogenicity of quartz, indicating that the activ-
ity of quartz dust is not necessarily contingent to crystallinity.
Mechanical grinding of these quartz crystals markedly increased
their activity. By combining this finding with studies on a large
set of both amorphous and crystalline silica particles, the surface
spatial/energetic configuration of silanols emerged as a relevant
characteristic accounting for damage to cellular membranes. We
also correlated the ability of quartz particles to cause membra-
nolysis with their capacity to activate the enzymatic machinery
inflammasome and trigger a pro-inflammatory response, a step at
the origin of silicosis and lung cancer. Our current hypothesis is that
characterizing silanols through physico-chemical and in vitro anal-
yses allows identifying the pathogenic activity of silica materials.

We are currently validating our hypothesis in vivo and develop-
ing a set of assays to identify and predict the respiratory hazard
of silica particles based on the analysis of their surface silanol
distribution. The results obtained on a panel of model quartz sam-
ples prepared ad hoc (i.e. particles with defined and designed
physico-chemical properties) showed significant differences in
their membranolytic and cytotoxic activity consistent with the
hypothesis, confirming the relevance of silanols. Preliminary analy-
ses via diffuse reflectance infrared spectroscopy (DRIFTS) indicated
that this technique is promising to clearly reveal the silanol distri-
bution of the silica particles.

https://doi.org/10.1016/j.toxlet.2018.06.861
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Benzene is a widespread environmental and occupational pol-
lutant. The major adverse health effect of benzene exposure is
hematotoxicity. Hif-1a regulates the expression of genes encod-
ing molecules that participate in cell proliferation. In the present
study, we aimed to investigate the effects and molecular reg-
ulation of hif-1a on cell proliferation during benzene exposure.
Male C57BL/6 mice were administered by subcutaneously injec-
tion with or without benzene for 2 weeks, hematotoxicity, cell
proliferation and hif-1a protein level were evaluated. PTP4A3, a
proliferation-related gene, was found by ChIP-Seq screening as a
hif-1a target gene. Next, the hif-1a high expression mouse model
(C57BL/6- hif-1a+) was constructed, the protein level of hif-1a and
PTP4A3 were measured by western blot in WT and C57BL/6- hif-1a+

mouse. The bone marrow (BM) cell proliferation was also ana-
lyzed by BD FITC BrdU Flow Kit. Then the PTP4A3 inhibition K562
cell line was established by transfecting with the specific shRNA.
Cells were exposed to 1,4-Benzoquinone (1,4-BQ) for 24 h. The cell
viability, proliferation, cell cycle and key protein levels in PI3K-
ATK pathway were estimated. The results showed that Benzene
exposure caused significant reduction in numbers of leukocytes,
red blood cells, platelets and decreased hif-1a level in benzene
exposed mice. Meanwhile, a significant decrease in the percentage
of hematopoietic stem cells (HSCs) and an increase in the prolifer-
ation were observed in benzene exposed mice. Then we found that
augmentation of hif-1a in C57BL/6 mouse significantly elevated
the proliferation of BM cells and increased PTP4A3. In vitro, after
treated with 1,4-BQ, PTP4A3 was significantly reduced in PTP4A3
inhibition and control cells. Compared with control cells at the

same 1,4-BQ concentration, the cell viability and cell proliferation
were significantly lower in PTP4A3 inhibition cells. Protein levels
of PI3K and ATK were also dramatically decreased in cells with
inhibited PTP4A3. In addition, G2/M phase found in the cells with
inhibited PTP4A3 exposed to 1,4-BQ than those in control cells. In
conclusion, the hif-1a regulates cell proliferation through PTP4A3
and PI3K-ATK pathway during benzene exposure. (Supported by
National Natural Science Foundation of China 81573189, 81730087
and 81703265).
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Introduction: Ethanol consumption is described to induce the
expression of the inducible isoform of the enzyme nitric oxide syn-
thase (iNOS).

Purpose: Evaluate the role of iNOS in the renal toxicity induced
by chronic ethanol consumption.

Methods: Male C57BL/6J wild-type and iNOS-deficient
(iNOS−/−) mice were randomized into 4 groups: Control (WT);
Ethanol (E-WT); iNOS (iNOS−/−) and Ethanol iNOS−/− (E-iNOS−/−)
(Ethics committee 14.1.847.53.0). The animals were treated with
water or ethanol 20% (v/v) ad libitum for 10 weeks, and the
temporal assessment of body weight and liquid and solid intake
was determined. Systolic blood pressure (SBP) was measured. To
evaluate the renal function, serum levels of urea, creatinine, K+

and Na+ ions were determined. The renal cortex was collected for
the assessment of levels of: superoxide anion (O2

•−), hydrogen
peroxide (H2O2), nitrate/nitrite (NOx), thiobarbituric acid reactive
species (TBARS), reduced glutathione (GSH), oxidized glutathione
(GSSG) and cytokines. Catalase (CAT), superoxide dismutase (SOD),
metalloproteinases (MMP) and myeloperoxidase (MPO) activities,
besides the Nox1, Nox2, Nox4, eNOS and SOD2 protein expression
were evaluated. Statistical analysis was performed by two-way
ANOVA followed by Bonferroni’s test (p < 0.05).

Results: Long-term ethanol consumption induced change in
nutritional status and increased SBP, creatinine serum, IL-1�
and GSH levels in WT and iNOS−/− mice. Ethanol-treated ani-
mals showed high O2

•− levels and MPO activity, however these
responses were lower in E-iNOS−/−. High Nox4 expression, TNF-�
and TBARS levels was noticed in E-WT mice. NOx levels were not
modulated by ethanol, but the kidney of iNOS−/− animals showed
lower concentrations than WT. CAT, SOD, MMP-2 and MMP-9 activ-
ities, Nox1, Nox2, eNOS and SOD2 protein expression, GSSG, H2O2,
IL-6, IL-10, urea, K+ e Na+ ion levels did not differ among the groups.

Conclusion: Chronic ethanol consumption induces rise of O2
•−,

TBARS and TNF-� levels, Nox4 protein expression and inflam-
matory cell infiltration in renal cortex, and these responses are
mediated by iNOS. These results suggest a role for iNOS in renal
toxicity induced by ethanol consumption.

https://doi.org/10.1016/j.toxlet.2018.06.861
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Evidence has been accumulated during the last three decades on
the strong implication of several oxidants including hydroxyl rad-
ical, one-electron oxidants and singlet molecular oxygen [1O2]
in the generation of hydroperoxides from several nucleobases,
amino acids, and unsaturated lipid components. 1O2 is one of the
major species responsible for the cytotoxic effects of photodynamic
treatment and is being implicated in diseases such as porphyria
and cataracts. In addition, 1O2 can trigger ultraviolet A-induced
biological effects through activation of gene expression. Cell mem-
brane contains polyunsaturated fatty acids, which are vulnerable
to attack from many reactive species. The outcome of this process
is lipid peroxidation and its primary products are lipid hydroperox-
ides. In addition, hydroperoxides can react with reactive nitrogen
species leading to nitro or nitrosyl products. The aim of present
work is to study the generation of 1O2 through the reaction of
lipid hydroperoxides with nitronium tetrafluoroborate (NO2BF4).
Ultraweak chemiluminescence arising from biomolecules oxida-
tion has been attributed to the radiative deactivation of 1O2 and
electronically excited triplet carbonyl products involving dioxetane
intermediates. The approach used to unequivocally demonstrate
the generation of 1O2 in these reactions is the use of the direct
spectroscopic detection and characterization of 1O2 light emission.
Characteristic light emission, corresponding to the singlet delta
state monomolecular decay was observed. Chemiluminescence
measurement of the monomol light emission in the near infrared
region (� = 1270 nm) has indicated that the reaction of organic and
lipid hydroperoxides (cumene, t-butyl, oleic, linoleic and choles-
terol hydroperoxides) with NO2BF4 generate 1O2.The use of sodium
azide as a physical quencher of 1O2, associated with chemilumi-
nescence measurements, contributed to identifying the generation
of 1O2. Besides Russell mechanism, other possible mechanisms for
1O2 generation are under investigation 1O2 might be generated
as a byproduct of lipid peroxidation, in conditions where reac-
tive nitrogen species interact with lipid hydroperoxides. This might
contribute to a better understanding of this complex event and
physiological or physiopathological implications.
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Globally, pollution problems are more severe in industrialized
regions or in high density populated regions. The São Paulo
Metropolitan Region is an example of a megalopolis with a unique
set of emissions, solar flux and meteorological conditions that
determinates its higher atmospheric pollution. Previously, we
have shown the accurate quantification of 1,N2-propanodGuo in
human urinary samples collected from residents of a polluted
city (SP) and an unpolluted region showed significantly higher
1,N2-propanodGuo levels in the samples from SP donors than
in samples from donors of the unpolluted region (Garcia et al.
Chem. Res. Toxicol. 26, 1602-1604, 2013). This result provided evi-
dence that elevated levels of 1,N2-propanodGuo in urinary samples
may be correlated with urban air pollution. Here, we described
a highly sensitive method involving HPLC/ESI-MS detection in
SRM mode and employing isotope-labeled internal standards for
the analysis of several DNA adducts (adductome) with aldehydes
such as formaldehyde (1,N2-hydroxy-methyl-deoxyguanosine),
acetaldehyde (1,N2-propano-2′-deoxyguanosine), crotonaldehyde,
acrolein 1,N2-(�-Hydroxy) propano-2′-deoxyguanosine and 2,4-
decadienal. The methodology was used to quantify the levels
several DNA-aldehyde adducts in calf thymus DNA exposed to
tobacco and cannabis smoke. In control DNA, 8-oxo-7,8-dihydro-
2′-deoxyguanosine and 1,N2-hydroxy-methyl-2′-deoxyguanosine
were detected. In the groups exposed to tobacco and cannabis
smoke, all the analyzed adducts were detected. With the excep-
tion of the acetaldehyde adduct 1,N2-propano-2′-deoxyguanosine
adduct, the groups exposed to tobacco smoke present higher levels
of DNA adducts in relation to the group exposed to cannabis smoke.
The method described herein can be used to study exocyclic DNA
adducts through the quantification of different adducts in humans
and experimental animals after air pollution exposure.
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4-Fluoromethamphetamine (4-FMA) is a stimulant and entacto-
genic amphetamine, with alleged nootropic effects. Many drug
users describe its subjective effects as similar to those of other
amphetamines, but the potential health effects of recreational use
of 4-FMA is hitherto unknown.

Because the liver plays a pivotal role in the metabolism and tox-
icity of amphetamines, we set out to evaluate the cytotoxic effects
of 4-FMA using three complementary in vitro hepatocyte models.
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Viability of human immortalised HepG2 and HepaRG cells, and
primary rat hepatocytes (PRH) was evaluated by MTT reduction,
after exposing cells for 24 h to a concentration range of the drug
that enable obtaining complete concentration vs. effect curves.
4-FMA was shown to induced concentration-dependent toxicity,
primary rat hepatocytes being the most sensitive in vitro model
(LC50 2.21 mM), followed by HepaRG and HepG2 (LC50 5.59 mM
and 9.57 mM, respectively). Also, 4-FMA significantly impaired the
glutathione and energetic storages in PRH, as well as disrupted
redox homeostasis. Finally, 4-FMA activated the apoptosis com-
mon pathway, following activation of caspase-8 and caspase-9.
The co-incubation of PRH with 4-FMA and cytochrome P450 spe-
cific inhibitors suggested that its toxicity is metabolism-dependent.
CYP2D6 inhibition increased 4-FMA-induced cytotoxicity, while
CYP2E1 inhibition decreased the cytotoxicity. These data sug-
gest that 4-FMA may be metabolically activated by CYP2E1,
while metabolism through CYP2D6 results in detoxification.
CYP3A4 inhibition had no impact in the toxic effects of
4-FMA.

Our results show that 4-FMA is potentially hepatotoxic to its
users. Since the metabolism of the drug is likely to greatly affect its
toxicity, interindividual variability in susceptibility and potential
for toxicologically relevant drug interactions are of concern.

https://doi.org/10.1016/j.toxlet.2018.06.866
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Synthetic cathinones (�-Keto amphetamines; �-KA) abuse has
been associated with renal injury. However, the exact mechanism
behind the nephrotoxic effects of �-KA is not yet understood.
This study aimed to investigate the role of autophagy in �-KA-
induced nephrotoxicity in human kidney (HK-2) cells. To this
purpose, HK-2 cells were exposed to two different concentra-
tions of 3,4-dimethylmethcatinone (3,4-DMMC; 0.25 or 0.5 mM)
and 3,4-methylenedioxymethcathinone (methylone; 2 or 4 mM)
for 24 h. Both drugs prompted the formation of acidic vesicu-
lar organelles (evaluated by fluorescence microscopy of acridine
orange-stained cells) and autophagosomes (evaluated using a
CytoID Autophagy Detection Kit) in a concentration-dependent
manner. Moreover, the autophagy inhibitors 3-methyladenine
and wortmannin significantly potentiated cell death (evaluated
by the reduction of the tetrazolium salt MTT), indicating that
autophagy serves as a cell survival mechanism that protects �-KA
exposed cells. We further examined the role of oxidative stress in
autophagy induction and found that antioxidant treatment with
N-acetylcysteine (NAC) or ascorbic acid significantly potentiated
cell death induced by these cathinone derivatives, most likely due
to inhibition of ROS-mediated autophagy and potentiation of apo-
ptosis induced by �-KA. Further studies are ongoing to verify this
theory.
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Oral clefts in any form (cleft lip and/or palate alone or asso-
ciated with other head skeletal defects) represents one of the
most frequent abnormality in humans (1:700 live births) showing
increasing interest also because of their demonstrated multi-
factorial origin, involving both genetic and environmental risk
factors. Environmental agents inducing cranio-facial malforma-
tions in experimental models include some pesticides, especially
azole fungicides. The proposed common mode of action for azoles
teratogenic effects is the inhibition of CYP26 enzymes, involved
in the retinoic acid (RA) catabolism, with a consequent perturba-
tion in endogenous RA levels in specific embryo segments. Risk
assessment now focuses on combined exposures to molecules and,
for those sharing the same mode of action, the use of relative
potency factor (RPF) approach has been suggested. The aim of the
work is to define RA-relative potency of four antifungal azoles by
fitting postimplantation rat whole embryo culture (WEC) exper-
imental data by using PROAST software analysis. The chemicals
selected are all-trans retinoic acid (RA 0.025–1 �M), cyproconazole
(CYPRO 7.8–250 �M), triadimefon (FON 6.25–125 �M), flusilazole
(FLUSI 1.56–125 �M) and prochloraz (PCZ 6.25–50 �M). Dose-
related specific defects of the cranio-facial structures (reduced or
fused branchial arches), were detected in rat embryos exposed
in vitro to increasing concentration of RA or of the selected azoles.
Collected dicotomic data were then modelled using PROAST 62.3
software in order to characterize the single dose-response curves.
Curve parameter comparison showed that for all the used terato-
genic agents steepness values were not dissimilar, so parallelism
hypothesis and, by consequence, the hypothesis of a common mode
of action shared between RA and the different tested azoles could
not be rejected. Due to the azole RPFs versus RA, the potency
ranking of the tested molecules resulting by the present work is
RA>FLUSI>PCZ>CYPRO>FON. The obtained data suggest that WEC
results could be a simple but predictive alternative method appli-
cable to the novel hazard evaluation based on relative RPFs.

https://doi.org/10.1016/j.toxlet.2018.06.868

P16-23
Unravelling essential key events in
mitochondrial adverse outcome pathways

W. van der Stel ∗ , S. Darici, B. van de Water, E. Danen

Leiden University, Drug Discovery and Safety, Leiden, Netherlands

The study focuses on key events relating compound-induced mito-
chondrial perturbation to hepatotoxicity. The obtained data serve
as input for the establishment of quantitative adverse outcome
pathways (qAOPs) specific for mitochondrial toxicity. Ultimately,

https://doi.org/10.1016/j.toxlet.2018.06.866
https://doi.org/10.1016/j.toxlet.2018.06.867
https://doi.org/10.1016/j.toxlet.2018.06.868


ARTICLE IN PRESSG Model

126 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

these qAOPs could contribute to the improvement of toxicity pre-
diction and risk assessment of new and existing chemicals.

Analytical tools for assessment of mitochondrial functioning in
HepG2 cells, including membrane potential, ROS formation, GSH
expression and ATP production, were optimised for use in an
automated real time confocal microscopy platform. The parame-
ters were monitored along with measurements of cell functioning,
including viability. In addition, gene and protein expression are
studied using TempoSeq for transcriptomics and using BAC-GFP
reporter technology for single cell real time analysis of candidate
protein expression.

Time and concentration-resolved high content analysis of mito-
chondrial functionality and cell fate outcome were applied in
a single exposure setting for mitochondrial toxicants including
complex I, II and III inhibitors. Cluster analysis based on all mito-
chondrial functioning parameters demonstrated a clear separation
of the different complex inhibitors. CI and CIII inhibitors reduced
membrane potential with different potencies. CI inhibitors induced
ROS formation and diminished ATP production at lower concentra-
tions compared to CIII inhibitors. No effect was observed after CII
inhibition in the applied concentration range. Cell viability after CI
and CIII inhibition was reduced only when cells were switched from
glucose- to galactose-containing medium, indicating that a switch
to glycolysis represented an adaptive response to CI/III inhibition.

Besides compound characterisation, the data was used to
develop a qAOP. A temporal relationship between parameters sup-
ported the AOP paradigm: for concentrations above the threshold
value a reduction in membrane potential was observed along with
a subsequent induction of an unfolded protein response and there-
after a loss of cell viability.

Ongoing experiments address the impact of repeat dose expo-
sures and generate information on global transcriptional changes.
The obtained data provides further insight into the chain of events
triggered by mitochondrial toxicants. Altogether, this will support
optimisation of the testing platform for assessment of mitochon-
drial toxicity.

Funded by EU Horizon2020 research grant agreement No
681002

https://doi.org/10.1016/j.toxlet.2018.06.869

P16-24
2,4-Dinitrophenol (2,4-DNP) induces toxicity in
primary hepatocytes through oxidative stress
and mitochondrial dysregulation

P. Guedes de Pinho ∗ , D. Sousa, F. Carvalho, H. Carmo,
M.D.L. Bastos, D. Dias da Silva

Porto University, Biological Sciences, Porto, Portugal

The desire of boasting a healthy and fitbody leads many individu-
als to use ‘fat burners’ as a quick way to reduce body weight, under
a misperception that such products endure a low health risk. An
example of such substances is 2,4-dinitrophenol (2,4-DNP), well-
known for its weight loss enhancer properties, but also for the
occurrence of several related fatal cases among users. Although
liver damage has been associated to the toxicity of 2,4-DNP, the
underlying mechanisms remain to be established.

The aim of the present study was to evaluate the toxicity of 2,4-
DNP in primary rat hepatocytes. In vitro assays were performed
in primary cultures of rat isolated hepatocytes, obtained with a
two-step collagenase perfusion. Our data showed that 2,4-DNP
induced concentration-dependent toxicity in primary hepatocytes,
at concentrations ranging from 0.55 �M to 1 mM, at 37 ◦C for 24 h,
as assessed by three viability assays [neutral red uptake assay:
EC50 98.05 �M; MTT reduction assay: EC50 96.82 �M; and lac-

tate dehydrogenase leakage assay: EC50 174.83 �M]. A significant
concentration-dependent increase of intracellular levels of reac-
tive oxygen species (p < 0.01, at ≥50 �M; Dunnett’s test) concurrent
to a concentration-dependent decline in antioxidant defenses
[decreased reduced glutathione (redGSH; p < 0.01, at ≥100 �M;
Dunnett’s test); decreased total glutathione (p < 0.01, at ≥100 �M;
Dunnett’s test); increased oxidized glutathione (GSSG; p < 0.05, at
≥1 �M; Dunnett’s test); and decreased redGSH/GSSG (p < 0.001,
at ≥1 �M; Dunnett’s test)] were observed. Significant increase
of mitochondrial membrane potential was observed at 10 �M
and 50 �M (p < 0.05; Holm-Sidak’s test), in accordance with the
exacerbated synthesis of adenosine triphosphate (ATP). Energy-
dependent activation of apoptosis was also confirmed by activation
of pro-caspase-8 at all tested concentrations (p < 0.05; Dunnett’s
test) and by the increased activities of caspase-3 and -9, at concen-
trations higher than 10 �M (p < 0.05; Dunnett’s test).

https://doi.org/10.1016/j.toxlet.2018.06.870

P16-25
High throughput adaptive stress response
pathway activation to support read across of
valproic acid analogue-induced liver steatosis

N. Vrijenhoek1,∗ , R. Graepel 1, S. Wink 1, S. Escher 2,
B. van de Water 1

1 Leiden University, Drug Discovery and Safety, Leiden, Netherlands
2 Fraunhofer ITEM, Chemikalienbewertung, Hannover, Germany

Hepatic steatosis is a common liver disease that can lead to hepa-
totoxicity. Many drugs, including the anticonvulsant valproic acid
(VPA), can induce hepatic steatosis as a side effect. Besides human
clinical data, VPA and some of its structural analogues have shown
to induce steatosis in rodents. Transcriptomics data derived from
yeast cells suggest that VPA activates several stress response path-
ways, which are related to hepatotoxicity. This study aims to
investigate stress response pathway activation by VPA and its struc-
tural analogues by using HepG2 BAC-GFP reporter cell lines in a
high throughput screening platform. Activation of different stress
responses were visualized by GFP tagged to target proteins SRXN1
(Nrf2-dependent oxidative stress response), P21 (p53-dependent
DNA damage), BiP (unfolded protein response) and A20 (NF�B-
dependent inflammatory signaling). Cells were treated with VPA
and 18 structural analogous to generate dynamic concentration and
time response datasets on pathway activation using high content
confocal imaging. SRXN1 activation could discriminate between
stimulation of VPA and structural in vivo steatosis positive ana-
logues and in vivo negative analogues. P21 and A20 expression
was also changed upon VPA exposure, where BiP did not show
a response. Additionally, we observed no cytotoxic effects in our
dose range. However, cells treated with valproic analogues that
cause steatosis and co-stimulated with TNF� showed an increase
in apoptosis, further supporting activation of common signal-
ing pathways by the various toxic valproic analogues that drive
onset of cytotoxicity. In conclusion, our current data support the
application of a high content imaging stress response reporter plat-
form to provide biological weight-of-evidence support for read
across-based risk assessment strategies by providing mechanistic
mode-of-action information.

Acknowledgement: This project has received funding from
the European Union’s Horizon 2020 research and innovation pro-
gramme under grant agreement No 681002.
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P16-27
Inhalation exposure to cigarette smoke
exacerbates vascular fibrosis and causes
endothelial nitric oxide synthase uncoupling in
streptozotocin-induced diabetic rats

Q.V. Do , K.-H. Park, Y.-S. Seo, M.-Y. Lee ∗

Dongguk University, College of Pharmacy, Goyang-si, Gyeonggi-do,
Republic of Korea

Smoking is a well-established risk factor for vascular diseases and
vascular complication is a major outcome of diabetes. This study
was performed to test the effect of cigarette smoke exposure on
the progress of vascular impairment in diabetic condition. Seven-
week old male Sprague-Dawley rats were divided into four groups
consisting of each 10 rats; control group (C), cigarette smoke-
exposed group (CS), diabetic group (D), and diabetic, cigarette
smoke-exposed group (DCS). Diabetes was induced by a single,
intraperitoneal injection of 60 mg/kg streptozotocin, which was
confirmed by blood glucose level higher than 300 mg/dL. After 4
weeks, CS and DCS were exposed to cigarette smoke generated
from 3R4F reference cigarettes at total particulate matter con-
centration of 200 �g/L, 4 h/day, 5 day/week for 4 weeks. Filtered
air was supplied instead of cigarette smoke for C and D. After
treatment, thoracic aorta and blood plasma were analyzed for
pathological changes by cigarette smoke. Medial area and thick-
ness were decreased in aorta of diabetic rats, whereas internal
diameter was not changed. However, cigarette smoke exposure
had minimal effect on the structure of aorta. Collagen content was
increased in diabetic aorta and such increase was further aug-
mented by cigarette smoke exposure, although cigarette smoke
did not affect collagen content in aorta of control rats. Cigarette
smoke exposure caused endothelial nitric oxide synthase (eNOS)
uncoupling only in diabetic aorta which was evidenced by an
increase in monomer/dimer ratio. Malondialdehyde was increased
and glutathione was decreased in the plasma of diabetic rats.
However, such alterations of oxidative stress markers were not fur-
ther changed by cigarette smoke exposure. Expression of NADPH
oxidase (NOX) 2 and NOX4, representative reactive oxygen species-
generating enzymes in aorta, were enhanced by cigarette smoke
exposure in diabetic rats, not in control rats. The results of this study
indicate that cigarette smoke aggravates vascular fibrosis and eNOS
uncoupling in diabetes, which may accelerate the progress of dia-
betic macrovascular impairments such as loss of arterial elasticity
and endothelial dysfunction.

https://doi.org/10.1016/j.toxlet.2018.06.873

P16-28
A comparative in vitro investigation on the
cardiotoxicity of two tyrosine kinase inhibitors:
Regorafenib and lenvatinib

A. Gunaydin ∗ , T. Boran, A.T. Jannuzzi, B. Alpertunga

Istanbul University Faculty of Pharmacy, Pharmaceutical Toxicology,
İstanbul, Turkey

The kinase family has become one of the most important drug
targets after it has been understood that disruptions in kinases
play a pivotal role in cancer development. Thus, tyrosine kinase

inhibitors (TKIs) have been developed as new antineoplastic drugs.
Clinical outcomes showed that kinase inhibition has revolutionized
the treatment of many cancers and has had a major impact on the
cancer patient survivals.

TKIs are generally considered to be safe but despite the onco-
logic achievements being used as cancer drugs, their therapeutic
window is quite narrow. Adverse effects are seen mainly on
the hematologic system, cardiovascular system, gastrointestinal
system, liver, lungs and skin. Especially cardiotoxic manifesta-
tions have arisen concerns as a serious side effect. The molecular
mechanisms underlying TKIs induced cardiotoxicity is not well
understood. Latest studies indicate that it can be due to mitochon-
drial damage.

In this study we focused on the molecular cardiotoxic effects
of the two TKI drugs, through a comparative in vitro investigation
using H9c2 cardiomyocyte cells. We determined the cytotoxicity
of the drugs by MTT assay. While they did not show cytotoxic
effects on cardiomyocytes, long term exposures showed cytostatic
effects in a dose dependent manner. To validate effective kinase
inhibition in cardiomyocytes protein kinase B, AKT-1 levels were
evaluated with western blot. AKT-1 protein level decrease was
identified with both of the drugs. Since cardiomyocytes are depen-
dent on energy to maintain their activity we measured cellular ATP
content with luciferase bioluminescent assay. The results showed
that regorafenib inhibited the ATP content in a greater extent
than lenvatinib. To understand these lower ATP levels caused by
mitochondrial damage we measured mitochondrial contents of
the cardiomyocytes with flow cytometry by labeling with Mito-
tracker Green FM. The relative abundance of intact mitochondria
was slightly decreased with regorafenib treatments, on the con-
trary lenvatinib caused a significant increase.

In conclusion, these preliminary results of our continuing
research indicated that regorafenib and lenvatinib have cytostatic
effects in a dose and time dependent manner. The drugs decreased
ATP levels and caused mitochondrial mass alterations in car-
diomyocytes. Our results may provide important information for
understanding the underlying mechanisms of TKIs induced car-
diotoxicity and may help developing effective and safe TKIs.

https://doi.org/10.1016/j.toxlet.2018.06.874
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The mechanism for potentiation of the
combined effects of 2,4-D and methylmercury
in warm-blooded organisms

V. Rakitskii ∗ , T. Sinitskaya

FBES «FSCH Named after F.F. Erisman» of the Rospotrebnadzor,
Mytishchi, Russia

2,4-D is a derivative of the chlorophenoxyacetic acid, it is a part of
pesticides with herbicidal activity. In most cases, mercury is con-
tained in environmental objects in the form of methylmercury;
therefore, the heavy metal under investigation was used in the
experiment in the form of methylmercury.

The purpose of the present studies was to establish the patho-
genetic mechanism for potentiation of the combined effects of
global environmental pollutants 2,4-D and methylmercury on
warm-blooded organisms. The experiments were performed on
albino rats in acute and subchronic experiments. Literature data
on the toxicity of the derivatives of chlorophenoxyacetic acid and
mercury were referred to when choosing research methods to
determine the specific features of toxicodynamics of the studied
substances.

A biological effect greater than additive was established for
single and prolonged exposure to the combination of methylmer-
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cury and 2,4-D in the conducted experiments based on a number
of changes in the studied parameters in experimental animals
(the blocking of SH-groups, an increase in the activity of cytosolic
alanine aminotransferase, aspartate aminotransferase, �-gamma-
glutamyltransferase enzymes, etc. in the serum, LPO processes, a
decrease in the activity of antioxidant enzymes).

The leading pathogenetic links of the potentiation mechanism
under the conditions of the combined action of methylmercury and
2,4-D herbicide on the warm-blooded organism with single and
multiple exposures were revealed. The mechanism of potentiation
of this combination is due to the blocking of SH-groups by mer-
cury, and the process is strengthened by the additional blocking
of sulfhydryl groups of protein molecules of enzymes by perox-
ides formed in the body during the biological oxidation of 2,4-D,
against the background of a decrease in the activity of antioxidase
enzymes. At the same time, the decrease in the activity of antioxi-
dant enzymes occurs both due to the exposure to methylmercury
directly and is also mediated by liver dysfunction. This is evidenced
by an increase in the activity of alanine and aspartate aminotrans-
ferases, �-glutamyltransferase in the blood serum, which, in turn,
along with an increase in lipid peroxidation indicate damage to
cellular and subcellular biomembranes.

https://doi.org/10.1016/j.toxlet.2018.06.875
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ROS generation and oxidative stress induced by
hexachlorobenzene in human intestinal caco-2
cells

H. Chalouati 1,2,∗ , D. Boussoufa 1, L. Payrastre 2

1 University of Tunis Al Manar, Faculty of Sciences of Tunis, Tunis,
Tunisia
2 INRA, TOXALIM, Toulouse, France

Purpose: Many organochlorine compounds have been classified by
the International Agency for Research on Cancer (1979) as carcino-
genic in animals and also suspected to be carcinogenic in humans,
hexachlorobenzene (HCB), is a typical member of this family. HCB
has been found in feed in several regions of the world. In our study,
we performed an in vitro evaluation of ROS generation and oxida-
tive stress induced by HCB on the human intestinal Caco-2 cell line
as a target cell type regarding to oral exposure.

Methods: Caco-2 cells were cultured in an atmosphere of 5%
carbon dioxine and 95% air at 37 ◦C. HCB was dissolved in absolute
ethanol, for a stock solution of 2 mM, and the same final concen-
tration of the vehicle (0.1%) was used in the corresponding control.
After 15 h of seeding, cells were washed with serum free medium
and then incubated with 4% FBS and treated with HCB (0.04 to
2000 nM). Treatments were repeated every 48 h in all experimental
designs for 14 days. Intracellular production of ROS was ana-
lyzed using the fluorescent probe 2’,7’-dichlorodihydrofluorescein
diacetate (H2-DCFDA) which characterized H2O2 production.
Antioxidant enzymes activities like catalase (CAT), glutathione per-
oxidase (GPx) and superoxide dismutase (SOD) were determined in
the cytosolic fraction.

Results: Our results showed that exposure of caco-2 cells to HCB
elicited a dose-dependent induction of the intracellular production
of H2O2 and the highest intensity of fluorescence being observed
upon a 3 hours-period of incubation. Indeed, treatment of caco-2
cells with HCB induced an oxidative stress demonstrated by the
increased activity of antioxidant enzymes including SOD, CAT and
GPx. This induction was significantly observable at dose 4 nM and
was more marked at the highest dose tested (2 �M).

Normal cellular functions depend on the balance between the
production of reactive oxygen species (ROS) and the antioxidant

defense mechanisms in the cell. In our study the cellular enzymatic
antioxidants are unable to control the production of ROS, and an
oxidative stress is occurs, leading to damaged cell functions.

https://doi.org/10.1016/j.toxlet.2018.06.876
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Chronic organophosphate exposure triggers
ROS-mediated injuries at organismal and
sub-organismal levels of non-target Drosophila
melanogaster

S. Roy

The University of Burdwan, Zoology, Burdwan, India

The study demonstrates ROS-mediated organismal and sub-
organismal injuries in Drosophila melanogaster following chronic
organophosphate (acephate) exposure. Drosophila was reared on
food supplemented with sub-lethal concentrations (1–6 �g/mL)
of acephate (LC50 8.71 �g/mL). The treated adults demonstrated
reduced longevity (∼to half at 6 �g/mL exposure) along with
reduced neuromuscular coordination and physical activities. Con-
spicuous developmental defects in compound eyes were confirmed
through detection of apoptotic lesions in larval eye imaginal discs.
Larval gut manifested tissue damage at various sites. Neural and
fat cell viability was reduced by ∼1.89 and ∼3.38 fold at 6 �g/mL
acephate treatment. Significant reduction in hemocyte viability
confirmed the immunotoxic potential of acephate. Nearly 1–3 fold
increase in expression of various oxidative stress-markers (MDA,
protein carbonyl contents, SOD, Catalase and HSP70) in treated
larvae served as evidence of reactive oxygen species (ROS) produc-
tion. Post-treatment increases in CYP450 and GST activities reflects
‘switch-on’ states of phase-I and phase-II detoxification mech-
anism. Genotoxic potential of Acephate was confirmed through
alkaline single cell gel electrophoresis. Thus, findings of present
study validate the fact that, besides traditional cholinesterase
inhibition, chronic sub-lethal exposure to acephate potentially
induces ROS-mediated toxic responses in non-target model organ-
ism Drosophila.

https://doi.org/10.1016/j.toxlet.2018.06.877
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A human relevance investigation of
PPAR�-mediated key events in the
hepatocarcinogenic mode of action of
propaquizafop in rats
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R. Forster 1, L. Richert 4,5

1 Citoxlab France, Evreux, France
2 ADAMA Deutschland GmbH, Cologne, Germany
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4 KaLy-Cell, Plobsheim, France
5 Université de Franche-Comté, EA4267, Besançon, France

Propaquizafop is an herbicide with a long history of use. Chronic
dietary exposure of rats led to liver tumors without genotoxic-
ity, subchronic studies demonstrated dose-dependent increases
in liver weights with hepatocellular hypertrophy, and two weeks
administration induced liver CYP4A and peroxisomal enzymes. A
rodent-specific mode of action (MOA) via activation of the per-
oxisome proliferator-activated receptor � (PPAR�), increased liver
peroxisomal activity, hypertrophy, liver enlargement, subsequent
cell proliferation and finally adenoma formation was postulated by
others based on the alignment of these findings with an established

https://doi.org/10.1016/j.toxlet.2018.06.875
https://doi.org/10.1016/j.toxlet.2018.06.876
https://doi.org/10.1016/j.toxlet.2018.06.877


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 129

MOA for fibrates. Experience with PPAR�-inducing pharmaceuti-
cals indicates a lack of human relevance. In this study, the results of
a MOA investigation following two weeks of dietary feeding in wild-
type (WT) and PPAR�-knockout (KO) rats are presented to confirm
the dependency of key events following propaquizafop adminis-
tration on PPAR�. In WT animals dose-dependent liver weight
increases (65–84%), liver CYP4A (20 fold) and acyl-CoA oxidase
(10–15 fold) induction, hepatocellular hypertrophy and prolifer-
ation were observed, while in KO rats only a marginal increase in
liver weight (24%) was observed without any effect on the other
parameters confirming PPAR�-dependency and sequelae compa-
rable to a well-understood hepatocarcinogenic MOA in rodents.
Based on an evaluation of the data according to the MOA-Human
Relevance Framework, we conclude that liver tumors observed in
rodents after long-term dietary administration of propaquizafop do
not pose a relevant health risk to humans.

https://doi.org/10.1016/j.toxlet.2018.06.878
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Protective action of caffeine against
acetaminophen-induced liver injury in male
CD-1 mice

Y. Masubuchi ∗ , M. Ebato

Chiba Institute of Science, Faculty of Pharmaceutical Sciences, Choshi,
Chiba, Japan

Caffeine is often used as an analgesic adjuvant combined with
acetaminophen (APAP) in several prescription drugs and over-the-
counter drugs. Apart from the therapeutic benefit of APAP-caffeine
combination, possible risk of caffeine to potentiate APAP-induced
liver injury (AILI) is of clinical concern. In animal experiments, it has
been shown that caffeine both increase and decrease AILI, which
might depend on the animal species used and the relative con-
tents of hepatic cytochrome P450 enzymes (CYP). In the present
study, we evaluated the effects of caffeine on AILI in male CD-1
mice, which are susceptible to AILI, in relation to changes in CYP
isoforms contents and inflammation mediators. Overnight-fasted
male CD-1 mice were given APAP intraperitoneally. Some mice
were pretreated with phenobarbital or acetone to induce hepatic
CYP2B/3A or CYP2E1, respectively. Caffeine was administered at
various time points before or after the APAP injection. AILI was
assessed by serum leakage of alanine aminotransferase (ALT). Glu-
tathione (GSH) contents were determined in the liver homogenates.
Hepatic TNF-� mRNA expression was assayed by real-time RT-
PCR. Serum ALT leakage in male CD-1 mice treated with APAP
(300 mg/kg) was attenuated by coadministration of caffeine. Caf-
feine administration 1 h before APAP was also effective against
AILI, but that 16 h before or 1 h after APAP did not. Phenobarbi-
tal and acetone potentiated AILI. The protective effect of caffeine
against AILI was reduced in the mice pretreated with phenobarbital,
whereas it was pronounced in acetone-pretreated mice, suggest-
ing the importance of CYP2E1 in the protective effects of caffeine.
Early depletion of hepatic GSH, which has been observed prior to
initiation of AILI and an index of the rate of APAP activation into N-
acetyl-p-benzoquinone imine, was slightly attenuated by caffeine,
but the hepatic GSH levels in the mice treated with both APAP and
caffeine were still much lower than control mice. On the other hand,
caffeine suppressed basal TNF-� expression and early TNF-� induc-
tion by APAP. These results suggest that caffeine attenuates AILI via
suppression of TNF-�, which has been implicated in the pathogene-
sis of AILI as an inflammatory mediator, in addition to the inhibition
of CYP2E1.

https://doi.org/10.1016/j.toxlet.2018.06.879
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Sodium molybdate attenuates lipid
accumulation in the livers of mice fed a diet
deficient in methionine and choline

D.-Y.R. Ryu ∗ , S. Lee

Seoul National University, College of Veterinary Medicine, Seoul,
Republic of Korea

Lipid accumulation and oxidative stress are major pathologic con-
tributors to the development of hepatic steatosis. Treatment with
molybdate reduces hepatic levels of lipids in diabetic rats. Potential
activities of molybdate as an antioxidant have also been demon-
strated in various animal models. In the present study, we evaluated
the effects of sodium molybdate dihydrate (SM) on hepatic steato-
sis and associated disturbances in a widely used mouse model of the
metabolic disease. Male C57Bl/6 mice at 10 weeks of age were fed a
diet deficient in methionine and choline (MCD) and bottled water
containing SM for four weeks. The SM treatment markedly atten-
uated MCD-induced accumulation of lipids, mainly triglycerides,
in the liver. Lipid catabolic autophagic pathways were activated
by SM in the MCD-fed mouse livers, as evidenced by a decreased
level of p62 expression. MCD-induced oxidative damage, such as
lipid and protein oxidation, was also alleviated by SM in the liver.
However, the level of MCD-induced hepatocellular damage was
not affected by SM. Taken together, these findings suggest that
molybdate can be used in the treatment and prevention of hepatic
steatosis without inducing adverse effects in the liver. To the best
of our knowledge, this is the first experimental study to investigate
the effects of molybdate in non-alcoholic fatty liver disease, and
also the first that demonstrates molybdate-induced autophagy.

https://doi.org/10.1016/j.toxlet.2018.06.880
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Hepatic and thyroid effects of phenobarbital in
the minipig
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R. Forster 2, P. Singh 2
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3 KaLy-Cell, Plobsheim, France

Rodent models are often used to study biochemical mechanisms
of toxicity and to establish a mode of action (MOA) for adverse,
chemical-induced effects. Phenobarbital (PB) has been shown to
induce differential gene expression and CYP2B, CYP3A and UGT
enzymes in the rodent liver leading to increased thyroid hormone
clearance and subsequent stimulation of cell proliferation in the
thyroid that eventually produces thyroid tumors after long-term
exposures. This pathway has not been completely investigated in
nonrodents. In this study, male Gottingen minipigs were orally
administered 15 mg/kg/day PB for 6 days followed by investiga-
tion of phase I and II liver enzymes (mRNA expression and enzyme
activities), circulating thyroid hormone levels and differential gene
expression in the liver, in addition to standard toxicological evalu-
ations. PB-administered minipigs had 46% increased absolute and
42% increased relative liver weights with mild, diffuse hepatocel-
lular hypertrophy versus the control group. PB reduced plasma
concentrations of T3 (by about 27% and 47%) and T4 (by about 15%
and 20%) versus predose values at 24 h and after 6 days of adminis-
tration, respectively. PB induced a 2-fold increase in CYP3A429 and
CYP4A24, 5-fold increase in CYP1A2 and around 11-fold increase in
CYP2B22 compared to the control group, with increases in mRNA
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expression of these genes. A 1.6-fold increase in T4-specific UGT
phase II enzyme activity was observed in the PB-administered
group, and CYP2B22, CYP2A19, CYP2C42, CYP3A39 and CYP3A46
were among the top 20 upregulated genes. This study indicates
that several of the early biochemical key events in the PB-induced
(rodent) MOA are present in minipigs. It is concluded that the
minipig is an interesting model for further study of the effects of
xenobiotics on the liver-thyroid axis.

https://doi.org/10.1016/j.toxlet.2018.06.881
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Cytotoxicity and lipid peroxidation of
beauvericin and ochratoxin A individually and
combined in HepG2 cells
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M.-J. Ruiz 1,∗

1 University of Valencia, Preventive Medicine, Burjassot, Valencia,
Spain
2 University of Camerino, Pharmacy, Camerino, Italy

This work is focused on two mycotoxins: ochratoxin-A (OTA), pro-
duced by the fungi os the genus Aspergillus and Penicillium, and
beauvericina (BEA) mainly produced by Fusarium. The cytotoxic
effect in HepG2 cells exposed to OTA, BEA and OTA+BEA was per-
formed by the MTT method at different concentration ranges (OTA
0.35–100 �M, BEA 0.003–25 �M, OTA+BEA 10:1 ratio) and at three
exposure times (24, 48 and 72 h); while lipid peroxidation (LPO)
through the malondyaldehyde (MDA) production assay. The IC50
values of individual mycotoxins were for BEA 12.5 ± 0.047 �M,
7 ± 0.055 �M and 5.5 ± 0.071 �M at 24, 48 and 72 h, respectively;
while for OTA 75 ± 0.047 �M, 52.62 ± 0.067 �M and 36 ± 0.09 �M
at 24, 48 and 72 h, respectively. The IC50 values decreased over
the time; so increasing potential of toxicity; however, a greater
toxic potential of BEA vs OTA is observed at all times tested in
HepG2 cells. Combination OTA+BEA (10:1 ratio) at 24 h no IC50 was
reached; while at 48 h and 72 h IC50 values were 3.4 ± 0.045 �M
and 2.9 ± 3.034 �M, respectively. The isobologram method in com-
bination showed antagonistic effect at 24 h, synergism effect at 48 h
and 72 h at CI25, CI50 and CI75; while additive effect was observed
at CI90. The results obtained in LPO assay showed that BEA and OTA
increased the production of MDA from 2.1- to 3.6-fold and from 2-
to 6.2-fold respect to control, respectively; while the combination
of OTA+BEA (10:1 ratio) reached the highest increases of MDA pro-
duction, which ranged from 3- to 4.6-fold respect to the control. In
conclusion, simultaneous presence of mycotoxins in food and feed
could increase toxic risk to human and animal health.

Acknowledgments: Spanish Ministry of Economy and Compet-
itiveness (AGL2016-77610R).
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Altered microRNA expression patterns related
to polyhexamethyleneguanidine
phosphate-induced lung toxicity in human
alveolar adenocarcinoma (A549) cells

E.H. Jang ∗ , D.Y. Shin, S.H. Yoo, Y.J. Jung, K.H. Chung

Sungkyunkwan University, School of Pharmacy, Suwon, Republic of
Korea

Polyhexamethyleneguanidine phosphate (PHMG-phosphate), an
active component of humidifier disinfectant, was elucidated as a
major cause of idiopathic pulmonary fibrosis that resulted in deaths

of pregnant women and infants in South Korea. Fibrosis is trig-
gered by recurrent damage in epithelial cells and is largely affected
by epigenetic effects including microRNAs (miRNAs). In our pre-
vious study, epithelial-mesenchymal transition(EMT), one of the
mechanisms in lung fibrogenesis, was observed, and mRNA-miRNA
regulatory networks of PHMG-phosphate were investigated. The
aim of this study was to elucidate the mechanism underlying
PHMG-phosphate-induced EMT through miRNA. Microarray of
miRNA profiling was conducted using Affymetrix GeneChip miRNA
4.0 array and was demonstrated by real-time qPCR. To show the
specificity of PHMG-phosphate, miRNA expressions were com-
pared with paraquat and transforming growth factor- �(TGF-�).
In vivo study rats were repeatedly exposed to PHMG-phosphate
0.1 mg/kg 6 times for 4 weeks. As a result in A549 cells exposed
to PHMG-phosphate 0.75 and 3 �g/ml for 24 and 48 h, expression
of miR-33b-3p was signicantly decreased and that of miR-6126
was increased. Moreover the specificity of miR-6126 up-regulation
by PHMG-phosphate exposure was showed by comparison with
paraquat and transforming growth factor- �(TGF-�). Otherwise
miR-33b expressions were decreased similarly by exposure to all
sorts of chemicals. Also expression of miR-6126 was markedly
increased in lung of rats exposed to PHMG-phosphate repeatedly.
To study the functions of miR-6126 at EMT caused by PHMG-
phosphate, several proteins involved in EMT were assessed in A549
cells transfected with miR-6126 mimic or negative control mimic
using western blot analysis. In conclusion, EMT was induced by
miR-6126 up-regulation, so miR-6126 expression can be one of the
markers for lung injury by PHMG-phosphate. For further under-
standing of the effects by miR-6126, more research on the targets
of miR-6126 is needed.

https://doi.org/10.1016/j.toxlet.2018.06.883
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Multiple targets/molecular initiating events, for
OP neurotoxicity may be related with
interactions of cholinesterase and
phenylvalerate activities in chicken, the model
of delayed neurotoxicity

J. Estévez , M. Benavent, V. Selva, I. Mangas, E. del Río,
M.A. Sogorb, E. Vilanova-Gisbert ∗

University Miguel Hernández, Institute of Bioengineering, Elche
(Alicante), Spain

Organophosphorus compounds (OPs) caused several effects and
not all can be explained by the classical recognized target: acetyl-
cholinesterase (AChE). A fraction of the membrane proteins with
phenylvalerate esterase activity (PVase) is called or neuropathy tar-
get esterase (NTE) and is involved in the key initiating molecular
event in the OP-induced delayed neuropathy (OPIDN) for which
adult chickens is the model animal for testing. We showed that
several PVase enzymatic components could be discriminated by
their inhibitory kinetic properties in the soluble fraction in chicken
brain (E�, E�, and E�) and four ChE activity components (C1, C2,
C3, and C4). We demonstrated that the PVase activity of the E�
component showed cholinesterase (ChE) activity and it is a butyryl-
cholinesterase protein, while the other components have no ChE
activity. C1 was identified with the E� activity. We suggested that it
might be related to the potentiation/promotion phenomenon of the
OPIDN. Human butyrylcholinesterase (hBuChE) also shows PVase
activity. Evidences are showed that both activities are associated
to the same active center: (1) Both substrates (acethylthiocholine
and phenyl valerate) compete in their activities. (2) Mipafox, iso-
OMPA and PMSF inhibited with similar kinetic behavior. Further
kinetic and structural research is under study. In the membrane
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brain fractions, four components (EP�, EP�, EP� and EP�) of
PVase have been discriminated by their inhibitory kinetic proper-
ties using irreversible inhibitors (paraoxon, mipafox, PMSF). Only
EP� PVase activity were inhibited by acetylthiocholine and its
cholinesterase activities by phenylvalerate. Four ChE activity enzy-
matic components (CP1, CP2, CP3 and CP4) were discriminated in
membrane fraction, on the basis of inhibitory kinetic with irre-
versible inhibitors (mipafox, paraoxon, PMSF and iso-OMPA). The
ChE components CP1 and CP2 could be related to the PVase activity
component EP�; This is resistant to PMSF and is highly sensi-
tives to mipafox and paraoxon but is spontaneously reactivated
when inhibited by paraoxon. The relation of PVases with ChEs need
to be included in the molecular adverse pathways of OP delayed
neurodegenerative toxicity under approaches with multi-target or
multi-initiating molecular events.

https://doi.org/10.1016/j.toxlet.2018.06.884
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MUC5AC overexpression by organic extract of
SRM 1648 urban particulate matter via ERK, JNK
and p38 MAPK activation in Calu-3 human
airway epithelial cells

S.H. Yoo ∗ , M.H. Jeong, Y.J. Jung, J.S. Park

Sungkyunkwan, Pharmacy, Suwon, Republic of Korea

Acute or long-term exposure to elevated levels of PM has been asso-
ciated with a decline in lung function and increased incidence of
chronic respiratory disease, contributing to the overproduction of
airway mucus, including mucin MUC5AC. Therefore, it is required
to investigate the correlation between PM and MUC5AC.

SRM (standard Reference Material), we used, is atmospheric
particulate matter collected in an urban area and is intended pri-
marily for use as a control material. Because of their large specific
surface, these particulates can adsorb various organic substances.
Then, we used both DCM extract (organic substances) and original
particle of PM for experiment.

The Calu-3 human bronchial epithelial cell line, which secreted
mucin protein, was used and exposed to PM. The western blot assay
was conducted for quantifying secreted MUC5AC in media. DCM
extract of PM was more secretion of MUC5AC than original PM. In
addition, the upstream regulatory mechanism of MUC5AC expres-
sion was detected by western blot. PM dose-dependently increased
mRNA and protein levels of MUC5AC in Calu-3 cells. The ERK, JNK
and p38 were activated in cells after exposure of PM. Furthermore,
c-jun which formed the AP-1 with c-fos was phosphorylated by
PM, followed by initiation of MUC5AC gene transcription. In con-
clusion, PM triggered ERK, JNK and p38 MAPK-mediated MUC5AC
secretion.

https://doi.org/10.1016/j.toxlet.2018.06.885
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The effect of PI3K/Akt and Notch signaling
pathway in polyhexamethylene
guanidine-phosphate induced
epithelial-mesenchymal transition in human
alveolar epithelial A549 cells

E.H. Jang ∗ , J.S. Park, D.Y. Shin, M.H. Jeong

Sungkyunkwan University, School of Pharmacy, Suwon, Republic of
Korea

Polyhexamethylene guanidine-phosphate (PHMG-phosphate) was
widely used as a biocidal disinfectant to inhibit microbial growth

in household humidifiers, which caused severe lung injury includ-
ing idiopathic pulmonary fibrosis in hundreds of victims in South
Korea. One of the mechanisms in lung fibrogenesis is epithelial-
mesenchymal transition (EMT), a process in which epithelial cells
gain a mesenchymal phenotype. Our previous study showed that
PHMG-phosphate exposure caused EMT in human alveolar epithe-
lial A549 cells in vitro. PI3K/Akt and Notch signaling have been
shown to induce EMT after repressing transcription of the E-
cadherin gene. To elucidate the mechanism of EMT induced by
PHMG-phosphate, the activation of PI3K/Akt and Notch pathway
by PHMG-phosphate was examined. The expressions of represen-
tative markers of PI3K/Akt and Notch pathway, p-Akt and NICD,
after exposure to PHMG-phosphate in A549 cells were increased
dose-dependently in Western blotting. The effect of PI3K/Akt
and Notch pathway in EMT was confirmed using PI3K inhibitor,
LY294002 and Notch inhibitor, DAPT. Moreover, the transcription
factor expressions of down-stream targets of PI3K/Akt pathway,
ZEB and �-catenin, and Notch pathway, Hes-1, were increased
in A549 cells exposed to PHMG-phosphate. Our results demon-
strate that PHMG-phosphate can trigger the activation of PI3K/Akt
and Notch signaling pathway, which mediates EMT induced by
PHMG-phosphate. To provide further understanding of the molec-
ular effects induced by PHMG-phosphate, the mechanisms of Akt
and Notch activation are required to be studied.

https://doi.org/10.1016/j.toxlet.2018.06.886
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Sterigmatocystin (STC) is a polyketide mycotoxin with a bifuran
ring structurally similar to aflatoxin. It is a precursor in aflatoxin
biosynthesis in some Aspergillus species from the section Flavi and
the final product in a number of Aspergilli from the section Versicol-
ores. STC has been detected in various foodstuffs as well as indoor
environments such as damp, moldy dwellings, carpets, and grain
dust. In acute oral exposure it targets the liver and the kidneys.
Its oral LD50 in male rats is about 160 mg kg−1 b.w. Similar to afla-
toxin, STC’s mechanism of action has been linked to the formation
of exo-epoxide, which readily forms DNA adducts. Considering that
aflatoxin toxicity has also been associated with oxidative stress, the
aim of this study was to check whether the same is true for STC toxi-
city. With that in mind, we treated male Wistar rats with single oral
STC doses of 1/4, 1/8, and 1/16 of LD50 (40, 20, and 10 mg kg−1 b.w.,
respectively) and measured superoxide dismutase (SOD) activity in
plasma on a plate reader using a commercial kit. We also measured
glutathione (GSH) and malondialdehyde (MDA) in plasma, kidney,
and liver tissue using a spectrophotometer and HPLC, respectively.
To assess oxidative DNA damage in the liver and kidneys we used
comet tail intensity (i. e. DNA % in tail) obtained with the hOGG1-
modified comet assay. STC did not affect GSH concentrations. SOD
activity in plasma dropped significantly only in rats treated with
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1/8 of LD50 (9.26 ± 0.26 vs. 10.08 ± 0.82 U mL−1 in control). All doses
significantly increased MDA concentrations in plasma and kidney,
but not in the liver. Oxidative DNA damage showed up in the liver
and kidney cells, and was more pronounced in the kidneys, particu-
larly at 1/8 of LD50. Our findings suggest that acute oral exposure to
STC causes greater oxidative stress in the kidneys than the liver. This
work has been fully supported by the Croatian Science Foundation
under the project MycotoxA (HRZZ-IP-09-2014-5982).

https://doi.org/10.1016/j.toxlet.2018.06.887
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A comprehensive comparison of in vitro assays
utilised to detect mitochondrial toxicity
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Mitochondrial dysfunction has been implicated in numerous drug
induced adverse events, such as liver failure and cardiac toxic-
ity. The potential of drugs to be mitochondrial toxicants can be
determined by either comparing the increase in cytotoxicity of
compounds in media containing galactose compared to glucose
(Glu/Gal assay). In galactose conditions, cells are more reliant on
oxidative phosphorylation and therefore more sensitive to mito-
chondrial disruption. Alternatively mitochondrial toxicants can be
determined using a mitochondrial respiration assay which mea-
sures cellular oxygen consumption rate (OCR), reserve capacity (RC)
and extracellular acidification rate (ECAR). A third approach utilises
fluorescence dyes to measure changes in mitochondrial membrane
potential (MMP) using high content imaging and compared to ATP
depletion and cell loss. Alteration of MMP is strongly associated
with mitochondrial toxicity. These approaches were analysed for
the predictivity of compounds known to result in mitochondrial
toxicity by different mechanisms of action.

Seventy compounds (known mitochondrial toxicants with vary-
ing mechanism of action and compounds with no mitochondrial
effect) were screened through the Glu/Gal assay, the MMP and cyto-
toxicity assay, and the mitochondrial respiration assay, in HepG2
cells. Comparing the ECAR and OCR data with Glu/Gal data showed
there were a number of toxins such as rosiglitazone, amiodarone
and perhexiline which were not detected in the Glu/Gal assay, how-
ever were flagged as being positive for mitochondrial toxicity based
upon the mitochondrial respiration assay. The MMP and cytotoxic-
ity assay is higher throughput in comparison to the mitochondrial
respiration assay with the benefit of better specificity (e.g. positive
response to rosiglitazone) than the Glu/Gal assay and can provide
some additional mechanistic information.

In summary, determining cellular OCR, reserve capacity and
ECAR provides a more predictive, and sensitive measure of mito-
chondrial toxicity and in addition gives an understanding of
potential mechanisms of action when compared to the Glu/Gal
assay. The MMP and cytotoxicity assay provides a more sensitive
alternative to the Glu/Gal assay where high throughput is required
in early drug discovery.

https://doi.org/10.1016/j.toxlet.2018.06.888
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Caffeic acid boosted the efficiency of benzyl
isothiocyanate to induce the death of human
breast adenocarcinoma
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Background: Combining potential drug originated from edible
plant such as benzyl isothiocyanate (BITC) with antioxidant like
caffeic acid (CA) could be more compatible to human body and pro-
duce synergistic effect to kill cancer. Our recent study demonstrates
the trends and mechanisms of cytotoxicity effects of BITC, CA and
the novel combination of BITC and CA to enhance the effectiveness
of the cancer treatment.

Methods: Cytotoxicity effects of BITC, CA and their combina-
tion toward human breast adenocarcinoma (MCF-7) cells were
evaluated by using MTT assay after 24 and 48 h of treatments.
We explored mechanisms of cytotoxicity effects by examining the
protein expression of glutathione-S-transferase (GST)-pi and GST-
alpha, p38, ERK 1/2, Nrf-2 and Bcl-2 by Western blot technique.
Glutathione (GSH), reactive oxygen species (ROS) and caspase 3/7
level were measured fluorometrically.

Results: High dose of CA needed to cause the death of MCF-
7 cells. Interestingly, we found that the combination of BITC and
CA created the synergistic effect to kill MCF-7 cells in time and
dose-dependent. BITC increased the ROS level and exploit it to
induce MCF-7 cell death whereas the combination of CA and BITC
decrease ROS level but effectively reduced MCF-7 cells viability.
Coordination of p38 MAPK, ERK1/2, NRF-2, Bcl-2, caspase 3/7 and
phase II of xenobiotic metabolism by the up-regulation of GS- pi
and GST-alpha revealed the intracellular signaling to cause MCF-7
cells death.

Conclusion: Conclusively, CA boosted the efficiency of BITC to
kill the cancer cells. The elevation of GST catalyzed the conjuga-
tion of GSH with BITC, CA and their combination, thus lowered the
amount of GSH to create the imbalance of redox homeostasis and
cause the death of cancer cells.

Acknowledgment: Ministry of Higher Education Malaysia and
UMT for funding provided (Vot. 53131).
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C. Martel 1,∗ , C. Pertuiset 1, B. Aubry 1, M. Porceddu 1, N. Buron 1,
R. Kettenhofen 2, A. Fouassier 2, A. Borgne-Sanchez 1
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Drug-induced mitochondrial toxicity is a major issue for patients
because such toxicity can trigger acute or chronic injury involving
different organs or tissues including liver, heart, muscle, kid-
ney and adipose tissue. We developed a medium-throughput
in vitro screening platform to detect loss of mitochondrial func-
tion and integrity on isolated liver mitochondria [1] and HepaRG
differentiated cells [2] investigating acute, indirect and chronic
mitochondrial alterations for DILI prediction. For early detec-
tion of cardiotoxicity potential of lead compounds, we set up
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multiparametric assays on isolated rat heart mitochondria and ter-
minally differentiated human iPSC-derived cardiomyocytes, Cor.4U
cells. Both models were characterized in terms of mitochondrial
(OxPHOS) activity and Cor.4U cells were shown to present highly
functional mitochondria suitable for compound testing. Four ref-
erence drugs selected on their clinical-determined likelihood to
induce (amiodarone, sulindac, tamoxifen) or not (erlotinib) mito-
chondrial damages in human heart were tested on both models. On
isolated mitochondria their ability to induce swelling, transmem-
brane potential loss, inhibition of O2 consumption either driven by
complex I, complex II or fatty-acids beta-oxidation (FAO) was chal-
lenged. Amiodarone, sulindac and tamoxifen were found to directly
inhibit mitochondrial respiratory chain while erlotinib did not alter
rat heart mitochondria. In addition, Cor-4U cells were treated for
3 h with compounds and subjected to O2 consumption driven by
Complex I or Complex II, mitochondrial transmembrane potential
and mtROS production measurements. Results showed that amio-
darone and tamoxifen presented strong mitochondrial toxicity in
Cor.4U cells, while sulindac did not induce strong mitochondrial
toxicity (only slight inhibition of CII-driven O2 consumption). Sur-
prisingly, erlotinib was shown to have an uncoupling-like effect
that was not measured on isolated mitochondria. Thus, using a
combination of both rat mitochondria and human cardiomyocytes
models allows a good understanding of compounds mechanism of
action. Overall, such assays help to early investigate the potential
mitochondrial toxicity of new compounds, in addition to classical
preclinical studies, to select safer drug candidates.

References

Porceddu, M., et al., 2012. Toxicol Sci. 129, 332–345.
Porceddu, et al., 2018. In: Chen, M., Will, Y. (Eds.), Methods in Pharmacology and

Toxicology.

https://doi.org/10.1016/j.toxlet.2018.06.890

P16-45
Dependence of developmental toxicity for
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Previous assessment of heavy and poorly refined petroleum sub-
stances demonstrate a strong association of developmental toxicity
with levels and types of polyaromatic hydrocarbon (PAH) con-
tent. While suggestive evidence exists indicating a role for the aryl
hydrocarbon receptor (AHR) in this toxicity, no direct experimen-
tal evidence exists. To assess the role of AHR in developmental
toxicity of PAHs, a positive control PAH was sought. Although
benzo[a]pyrene (BaP) is coal-derived, as it is only present at low ppb
levels in most petroleum products, BaP is among the best charac-
terized PAHs thus was identified as a reasonable candidate. Groups
of five or six pregnant wild-type (WT) and AHR−/− rats (Sprague-
Dawley background) were exposed to 0 or 300 mg BaP/kg/d by
single daily oral gavage from gestation day (GD) 6 through 20.
Maternal body weight gain significantly decreased in BaP exposed
WT and AHR−/− dams from GD9 and GD12, respectively. Reduced
weight gain resulted in final body weights 11% lower in BaP exposed
WT dams and 18% lower in AHR−/− dams. BaP exposure signifi-
cantly increased total number of fetal resorptions, particularly early

resorptions, in WT dams (56.4% of fetuses [55.0% early and 1.4%
late] versus 3.7% in WT control), but did not significantly affect
fetal resorptions in AHR−/− dams (4.0% of fetuses versus 0.0% in
AHR−/− control). Pre-implantation losses were also increased in
BaP exposed WT rats (16.7% compared to 2.4% in WT control, 0.0%
in AHR−/− control, and 1.7% in BaP exposed AHR−/− rats). Con-
sistent with increased resorptions, WT BaP exposure significantly
decreased number of viable foetuses (43.6% versus 96.3% in control)
and post-implantation loss (56.4% versus 3.7% in control), but not
AHR−/− dams. The results suggest 300 mg BaP/kg/d is an acceptable
dose as a positive control for developmental toxicity in WT rats.
Overall, this dose range finding experiment provides a first indica-
tion for a role of the AHR in PAH related developmental toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.891

P16-46
Risk assessment and mechanism of toxicity of
mycosynthesised silver nanoparticles to
prokaryotic and eukaryotic model

I.R. Gupta 1,2,∗ , M.K. Rai 2

1 Government Institute of Science, Department of Biotechnology,
Aurangabad, India
2 Sant Gadge Baba Amravati University, Department of
Biotechnology, Amravati, India

Among various nanomaterial silver nanoparticles (AgNPs) has been
used widely for many application. However, with the rise in their
applications the concerns of their safety are also increasing at
alarming rate. Therefore, it is need of the hour to study their nan-
otoxicological aspect. Therefore, the present study was designed to
evaluate the toxicity of mycosynthesised AgNPs. They were syn-
thesised by using three species of Fusarium and a species of Phoma.
Later on, they were characterised by UV-Vis Spectrophotometry to
confirm their synthesis, Fourier Transform Infra-Red spectroscopy
(FTIR) to confirm the protein capping on synthesised AgNPs, Zeta
potential to know their stability, Nanosight LM20 to know their siez
in working condition, X-ray diffraction (XRD) to confirm the silver
as elemental composition and Transmission Electron Microscopy
(TEM) to know their size and shape. The AgNPs, at different concen-
tration, were then exposed to a specially designed Psueodomonas
putida biosensor having lux gene. For eukaryotic studies, they were
exposed to various cell lines including Caco-2, a colon cancer cell
line, A549, a human alveolar cell line and IEC6, a rat intestinal
epithelial cell line.

In result we found stable AgNPs to reduce the culturability of
P. putida at the concentration range of 0.4 to 0.8 �g/ml. However,
with the help of MTT assay, the AgNPs within size range of 5 to
25 nm were found to show the IC50 of 8 �g/ml against cell lines.
The effect of AgNPs on interaction with cell membrane, formation
of reactive oxygen species and fragmentation of DNA was tested by
using LDH leakage assay, ROS assay and DNA fragmentation assay.
The study revealed that AgNPs damages the cell membrane, pro-
moting the accumulation of reactive oxygen species and damaging
the nuclear material. Overall these mechanisms contribute to the
toxicity of mycosynthesised AgNPs. This study is probably unique
in performing the risk assessment and the mechanism of toxicity
of mycosynthesised AgNPs on prokaryotic and eukaryotic model.

https://doi.org/10.1016/j.toxlet.2018.06.892
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Question: Anethole is a natural constituent in many herbs and
spices such as anise, star anise and fennel and belongs to the group
of phenylpropenes. In natural products, anethole is usually present
as a mixture of its trans- (1) and cis-configured (2) stereoisomers.
Anethole or anethole containing plant components are commonly
used as flavoring substances for foods, cosmetics and drugs, e.g.
tea, alcoholic beverages like ouzo, or mouthwashes. Although 1 has
been given GRAS status (generally recognized as safe) by FEMA (Fla-
vor and Extract Manufacturers Association), recent data showed the
DNA adduct formation of trans-anethole in fetal turkey livers. To
get more insights in the toxicological properties of both, trans- and
cis-anethole, we investigated the microsomal metabolism, muta-
genicity and DNA reactivity of 1 and 2 and their main metabolites
trans- (3) and cis-anethole epoxide (4).

Methods: The microsomal metabolism of 1 and 2 was investi-
gated using liver microsomes of different species. Metabolites were
characterized using HPLC-UV/Vis and HPLC-MS/MS. The muta-
genicity of 1–4 was examined using the Ames fluctuation test with
different Salmonella typhimurium strains. Nucleoside adducts were
synthesized by the reaction of 3 or 4 with 2′-deoxyadenosine (dA)
and 2′-deoxyguanosine (dG).

Results: We were able to identify eleven metabolites of 1 and
2 from microsomal incubations. The threo- and erythro-configured
dihydroxydihydrodiols, likely formed from 3 and 4 as precursors, as
well as 3′-hydroxylated metabolites were identified as the main
metabolites of 1 and 2. The Ames test showed no mutagenic effect
for 1 and 2 in the tested concentrations (up to 1 mM), whereas 3
and 4 were found to be mutagenic at concentrations at or above
100 �M. The reaction of 3 and 4 with dA and dG resulted in the
formation of adducts with a m/z of 416 and 432, respectively.

Conclusion: Our results show that both anethole isomers, 1 and
2, are metabolized mainly via epoxidation of the side-chain. The
intermediate formed reactive epoxides 3 and 4 may be responsi-
ble for the formation of DNA adducts detected in recent studies,
since both epoxides react readily with dA and dG to form nucle-
oside adducts of the expected mass. Investigations to elucidate if
trans- or cis-anethole forms these DNA adducts also in vitro and
in vivo are currently ongoing in our group.

https://doi.org/10.1016/j.toxlet.2018.06.893
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Tissues are a complex entity of different cells. Tissue heterogene-
ity increases variability in toxic responses, and makes it difficult to
interpret adverse outcomes. A different intracellular signature, dif-
ferentiation state and surrounding niche result in cell type-specific
coping strategies. Within the complexity of multicellular tissues,
stem cells often have a lower sensitivity to toxic compounds. Stem
cells are characterized by a low metabolic state, a preference to
maintain low oxygen levels and a well functioning repair system.
Their presence in developing and carcinogenic tissues makes them
an even more relevant toxicological target.

In this study, we focused on the coping strategies of pluripotent
stem cells to chemically-induced damage in an in vivo situation, i.e.
in the planarian Schmidtea mediterranea. Planarians are long known
for their regenerative ability, which hinges on pluripotency. This
renders the opportunity to study pluripotent stem cell responses
while stem cells reside in their original niche. Cellular damage was
induced via different toxicants: MMS, Cd and AgNPs. Pluripotent
stem cells were able to recover from the induced cellular and DNA
damage and successfully regenerated an entire organism. Depend-
ing on the microenvironment and needs of the organism, stem
cell responses toggled between apoptosis and DNA repair, with
p53 as a probable regulator of the stem cell’s self-renewal switch.
Stem cell repair responses were further investigated by combining
two top-down approaches, an in silico screening and a proteomic
screening after chemical exposure. Underlying stem cell plastic-
ity, we observed the involvement of several TSGs, either known or
novel, who’s loss-of-function, in combination with chemical expo-
sure, destabilized the stem cell compartment, triggering tumor
formation. A knock down of matrix metalloproteinase B induced
different types of protrusions, suggesting a control exerted by the
ECM on the stem cell compartment. Although a further effort is
needed to unravel how the integrated network of TSGs prevents
stem cell transformation and tumorigenesis, our work pinpoints
that planarian tumors originate from the ectopic, uncontrolled pro-
liferation of the ordinary stem cells, and that TSGs and the stem cell
niche have a central role in their transformation.

https://doi.org/10.1016/j.toxlet.2018.06.894
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Exploring the usefulness of morphological
profiling of cells to study toxicity mechanisms

P. Georgieva ∗ , W. Schaal, O. Spjuth

Uppsala University, Department of Pharmaceutical Biosciences,
Uppsala, Sweden

Although there have been major technological advances in how
we study biological processes and systems in the last years, study-
ing toxicity pathways still remains difficult, time-consuming and
resource-intensive. High-content imaging of cells stained with
multiplexed dyes, “Cell Painting” [1], has been successfully applied
in drug screening [2] of chemical compounds based on morpho-
logical changes they induce. However its application in the field of
toxicity is still rather unexplored and comprises an exciting oppor-
tunity to unravel toxicity mechanisms and pathways.

We are investigating the usefulness of image-based morphol-
ogy profiling toward understanding toxicology mechanisms and
pathways, by studying a range of cell lines treated with different
toxicants. To this end we implemented a cell painting screening
assay, involving 4–6 fluorescent dyes, used to stain at least 6–8
subcellular components simultaneously, followed by subsequent
imaging with an ImageXpress XLS high-content microscope. To
analyse these compound-induced morphological changes we use a
“CellProfiler” [3] analysis pipeline to compare morphological pro-
files and classify compounds based on mechanisms.

Our initial experiments show promising results for mechanistic
classification of toxicity mechanisms and we hypothesize that the
method could be used for pathway enrichment. To this end we will
strive towards automating the platform, and develop robust analy-
sis pipelines to handle data/analysis to be able to study mechanisms
on larger scale
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Exposure to neurotoxic metals lead (Pb), arsenic (As), and
methylmercury (MeHg) occurs to mixtures and not to single
contaminants. Metal interactions have posed a big challenge in

toxicity characterization and human health risk assessment of
environmental mixtures. To characterize the impacts of metal
mixtures interactions on protein and cytotoxicity responses, we
established an in vitro omics approach integrating bioinformat-
ics, and statistics, to measure mixtures interactions at protein
level in hippocampal cells. Multivariate statistical analysis showed
the correlation of protein response between mixtures. Gene func-
tional and pathway analyses of proteomic data confirms alterations
related to mitochondrial dysfunction, oxidative stress, m-RNA
splicing, and ubiquitin system dysfunction related neurodegenera-
tion. Bioinformatics analysis of mixtures protein data are presented
in comparative manner. Our results showed that, the significant dif-
ferences of affected proteins in the mixtures. This study provides
a novel proteomic approach for characterization neurotoxicity of
metal mixtures in hippocampal cells.

https://doi.org/10.1016/j.toxlet.2018.06.896
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Carbon nanotubes due to their structure and specific chemical,
mechanical, thermal, optical and electrical properties have a great
potential for applications and constitute an important group of
nanomaterials. The aim of this study was to investigate the effect of
selected carbon nanotubes on the surface properties of a phospho-
lipid monolayer as the simplest model of biological membranes.
Carbon nanotubes of various types, dimensions and modifications
were chosen. Identification involved microscopic analysis using
scanning electron microscopy (SEM), measurement of specific sur-
face area (BET) and analysis of particle size distribution in liquid
dispersion (DLS). The research was carried out using Langmuir-
Wilhelmy balance (KSV, Finland). The phospholipid monolayer
was prepared by applying 1 mg/ml solution of 1,2-dipalmitoyl-
sn-glycero-3-phosphocholine (DPPC; Sigma-Aldrich, USA) on the
surface of the aqueous subphase and evaporation of the solvent.
The suspensions of carbon nanotubes at surface concentrations
ranging from 10.3 ng/cm2 to 205.1 ng/cm2 were instilling on DPPC
monolayer. The DPPC monolayer was isothermally compressed
(37 ◦C) with constant velocity (1.25 cm2/s). It was found that carbon
nanotubes cause (a) the shift of compression isotherms and com-
pressibility curves towards higher values of surface pressure and
surface area per one DPPC molecule, (b) the increase of maximum
compressibility of DPPC monolayer and the corresponding surface
pressure, (c) the reorganization of DPPC molecules at the air-liquid
interface in gaseous phase (G), liquid-expanded phase (LE), liquid-
condensed - liquid-expanded coexistence (I) and liquid-condensed
phase (LC). The changes in surface properties of DPPC monolayer
indicate a disruption of elasticity of the phospholipid membrane in
the presence of the carbon nanotubes tested.

This paper has been based on the results of research task No.
II.N.10 carried out within the scope of the fourth stage of the
National Programme “Improvement of safety and working con-
ditions” partly supported in 2017–2019 — within the scope of
research and development — by the Ministry of Science and Higher
Education/National Centre for Research and Development. The
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Nanoparticle-induced toxicological mechanisms have become one
of the most studied topics in toxicology during the last few years.
Because of their excellent antimicrobial activity, silver nanopar-
ticles (AgNPs) are recognized as a promising nanomaterial with
widespread applicability. However, the impact of AgNPs on bio-
logical systems, regarding their possible effects and fate in living
cells are still limited. In order to assess AgNPs hazard and risk, reli-
able and reproducible screening approaches are needed to test the
basic materials as well as nanoenabled products. In recent years,
zebrafish was recommended as the nanomaterials toxicity screen-
ing animal model. The purpose of current study is to investigate
the toxic effects and mechanism of AgNPs on zebrafish embryos.
The results indicated zebrafish embryos exposed to AgNPs led to
reduced survival ratio in a size-, dose-, and time dependent man-
ner. Abnormal phenotypes (abnormal jaw, axis flexure, pericardial
edema, and yolk sac edema) and developmental retardation can
also be found. In addition, oxidative stress, ER stress and apopto-
sis are involved in the underlying toxic mechanisms. These results
demonstrated that different size of the AgNPs can trigger different
toxicity, in which the larger size cysteamine-modified AgNPs was
more toxic than smaller size AgNPs.

https://doi.org/10.1016/j.toxlet.2018.06.898

P17-03
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Purpose: Graphene represent two-dimensional (2D) nanomaterial
with unique physical and chemical properties. Unlike graphene
oxide less is known about biological effects of other derivatives
such as graphene platelets and sheets (GPs) which workers are
exposed during manufacturing. These non-biodegradable materi-
als could pose a risk especially for respiratory system after exposure
by inhalation. It has been proved that GPs of a certain size can be
delivered beyond the ciliated airways and deposit in alveoli. There
are internalized mostly by alveoli macrophages or simply persists in
intercellular spaces, where can physically interact with other cells.

This may lead to inflammation, disruption off cell metabolism and
tissue damage. This study represents preliminary data of possible
interactions between two different commercially available GPs and
selected monocyte/macrophage cell lines.

Methods: Dynamic light scattering method and Transmis-
sion Electron Microscopy (TEM) were used for characterization
of GPs. THP-1 cells, THP-1 null cells, RAW BLUE cells and pri-
mary monocytes were used for experiments. The viability of cells
was evaluated via WST-1 and LDH assays after 24, 48 and 72 h of
exposition. Localization of GPs was detected by TEM and confocal
microscopy. Potential immune response was detected by activation
of inflammasome NLRP3 test.

Results: TEM confirmed presence of both GPs in cytoplasm after
24 h, but no particles were located in nucleus. First results have
shown that both GPs caused neither acute cytotoxicity nor activa-
tion of inflammasome NLRP3 after 24 as well as 48 h of exposition.
However, levels of LDH which is released through damaged cell
membrane increased with GPs concentration after 48 and 72 h
exposition of RAW BLUE cells. Interestingly, there was no increase
of LDH after exposition of activated THP-1 cells and monocytes.

Supported by program PROGRES Q-09 and Q-10, ERDF/ESF
projects NANOBIO CZ CZ.02.1.01/0.0/0.0/17 048/0007421
and FIT CZ.02.1.01/0.0/0.0/15 003/0000495, project CENATOX
GAP503/12/G147.
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Purpose: Silver nanoparticles (nanoAg) are used in a wide array of
industry and biomedicine. The increasing applications of nanoAg
may lead to necessitate a general health and environmental risk
assessment of them. The toxicity of nanoparticles depends on their
unusual features including growing reactivity and particle-to-cell
contact (due to a large number of particles). Despite a few toxico-
logical reports, in vitro and in vivo, neurotoxic effects of nanoAg are
poorly known. The aim of the present study was to investigate the
possible behavioural changes of rats after prolonged neonatal expo-
sure (21 days) to small (10 nm) citrate-stabilized nanoAg at a dose
of 0.2 mg/kg b.w. using a wide range of behavioural assessments.

Methods: Rat pups (14 days old) were administered intragas-
trically with nanoAg (0.2 mg/kg) or silver citrate (Ag+) for 21 days.
Behavioural tests were performed twice – one day and one month
after the discontinuation of substance administration. The mea-
surement of locomotor activity (in actimeters), motor coordination
(rota-rod test), memory performance (novel object recognition
test), depression (forced swimming test) and anxiety-like behav-
ior (elevated plus maze test), generally accepted in investigations
of the central activity of new compounds, were made.

Results and conclusion: NanoAg exposure did not significantly
influence locomotor activity and motor coordination of rats, both
in the short and long term. Pro-depressive, anti-anxiety and pro-
cognitive effects were observed after prolonged administration of
nanoAg, but only one day after the discontinuation. These results
were not shown one month after the discontinuation. Our data may

https://doi.org/10.1016/j.toxlet.2018.06.897
https://doi.org/10.1016/j.toxlet.2018.06.898
https://doi.org/10.1016/j.toxlet.2018.06.899


ARTICLE IN PRESSG Model

Abstracts / Toxicology Letters xxx (2018) xxx–xxx 137

suggest that nanoAg exerts a significant central action, together
with low neurotoxicity as measured in behavioural animal tests.

The study was supported by the Statutory Activity provided by
the Polish Ministry of Science and Higher Education for Medical
University of Lublin (DS 23/2016).
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Potassium octatitanate (POT) fibers are commonly used as alter-
native to asbestos. Their shape and biopersistence suggest that
they are possibly carcinogenic. However, previous studies showed
that inhaled POT fibers had little carcinogenic potential. Therefore,
we conducted a short-term study in which we administered well-
dispersed POT fibers to rats using transtracheal intrapulmonary
spraying (TIPS). We found that POT fibers had greater biopersis-
tence in the lung and pleural cavity and caused stronger tissue
response than either anatase titanium dioxide nanoparticles (a-
nTiO2) or rutile titanium dioxide nanoparticles (r-nTiO2), which
have been evaluated as group 2B carcinogens. Consequently, we
are conducting a 2-year study of POT fibers to investigate their
carcinogenicity using MWCNT-7, a known carcinogen in rats, and
inert r-nTiO2 as reference materials. Male F344 rats were adminis-
tered 0.25 and 0.5 mg POT fibers and r-nTiO2 and 0.5 mg MWCNT
every other day over a period of 15 days by TIPS. Rats were killed
3 weeks and 52 weeks from the start of experiment. In the lung,
POT and MWCNT fibers induced significant increases in alveolar
macrophage number, granuloma formation, reactive hyperplasia
and thickening of the alveolar wall, pulmonary collagen deposi-
tion, and pulmonary 8-OHdG levels. In contrast, for both of the
r-nTiO2 treated groups, the tested parameters were not differ-
ent from the controls. Both visceral and parietal pleura showed
increase in thickness, PCNA labeling indices, and few areas of vis-
ceral pleural hyperplastic proliferation in the 0.5 mg POT and the
MWCNT treated groups. The pleural cavity lavage showed signifi-
cant increases in total protein levels in the 0.5 mg POT fiber group,
approximately 4 fold higher than in MWCNT treated group. Also,
numerous POT fibers but few MWCNT fibers were detected in the
pleural cavity lavage cell pellet. In conclusion, POT fibers were per-

sistent inside the lung and pleura and induced a similar or greater
tissue response compared to MWCNT-7, indicating the possibility
that inhaled POT fibers are carcinogenic in rats.

Financial support: This work was supported by Health and
Labour Sciences Research Grants of Japan, the 5th Term Long-Range
Research Initiative (2017) by Japan Chemical Industry Association,
and Egyptian cultural affairs and missions sector.
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Carbon-based nanoplatelets (CNP) represent a new class of 2-D
nanostructures in multiple variants and with interesting functional
properties (e.g. material enforcement and electrical conductivity).
The hazard characterization of CNP is still incomplete. Commercial
CNP candidates (ACS Material, USA) were selected, covering sin-
gle layer (SLG) or multi layer graphene (MLG), carboxyl graphene,
single layer graphene oxide, and graphite oxide. Technical soot
(Printex 90) served as non-platelet reference. Sterility and endo-
toxin content of the CNP were analysed and the morphology (SEM
pictures) and the specific surface area (BET method) were re-
evaluated. As in vitro screening models both, primary rat alveolar
macrophages (AM) and MRC-5 human lung fibroblast cells were
analysed on membrane damage (LDH release) and metabolic activ-
ity (AlamarBlue test). Interestingly, the two SLG induced marked
concentration-dependent membrane damage in AM after 24 h of
incubation, with a BMD30 of 3.2 and 2.5 �g/cm2, whereas no
such effect was observed for MRC-5 cells. Some LDH release was
also shown for single layer graphite oxide (BMD30: 39.3 �g/cm2).
The other materials were nearly inactive. Significant effects on
metabolic activity were not observed. In AM, SLG additionally
induced direct DNA damage and release of PGE2 and TXB2. In con-
clusion, SLG showed a (geno)toxic potential in vitro in AM, but not
in lung fibroblasts. Based on the in vitro screening data and for val-
idation, an SLG (highest) and an MLG (lowest toxic potential) were
selected for in vivo investigations. In a dose range finding (DRF)
test, with dosing by intratracheal instillation (0.02 and 0.2 mg/rat,
each) SLG was confirmed as the stronger inflammogenic sample
(bronchoalveolar lavage fluid – BALF analysis) inducing a signifi-
cant recruitment of neutrophils and – surprisingly – of eosinophils.
In a subsequent 4-week nose-only inhalation study with the same
total doses (predicted by MPPD model) the pro-inflammatory effect
of SLG was weaker and no eosinophils were detected in BALF.
Again, SLG but not MLG exhibited some inflammogenic potential.
The histopathological examination mirrored the results of the BALF
analysis. Granulocyte infiltration and giant cells were observed only
in the SLG high dose group. – Funding: FP7- ERA-NET SIINN - BMBF-
PtJ.

https://doi.org/10.1016/j.toxlet.2018.06.902

https://doi.org/10.1016/j.toxlet.2018.06.900
https://doi.org/10.1016/j.toxlet.2018.06.901
https://doi.org/10.1016/j.toxlet.2018.06.902


ARTICLE IN PRESSG Model

138 Abstracts / Toxicology Letters xxx (2018) xxx–xxx

P17-07
(Eco)toxicity assessment of commercial
engineered nanomaterials for plastic industry
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International awareness towards safe and sustainable nanostruc-
tured materials have conducted to the development of pioneering
and fangled green and smart nanosolutions, and have boosted
a remarkable expansion potential for multiple industry sectors.
Yet, current uncertainty in the regulatory framework for the com-
mercialization of these nano-sized structures, the barely available
literature on their potential effects towards human health and
environmental safety, and the scarce information on their specific
properties have limited their use in the industry.

Our research group has screened the in vivo nanotoxicity
of calcium carbonate, antimony tin oxide and titanium diox-
ide nanoparticles. All these engineered nano-sized structures are
already commercially incorporated in materials developed in the
industrial sector of plastics improving their barrier, mechanical
and conductive properties. The above-mentioned nanoparticles
were characterized for their biocompatibility via in vivo zebrafish
embryo toxicity (ZET) protocol and the results were contrasted with
the ones from zebrafish acute toxicity testing in order to assess the
ability to substitute for the acute fish test in nano EHS (environ-
mental health and safety) investigation [1].

Fertilized zebrafish eggs were monitored via continuous water-
borne exposure to the different nanoparticles at the nominal
concentrations of 0.01–100 mg mL−1 for 80 h postfertilization,
permitting a fast-track screening of the embryonic lethality, devel-
opmental delay signals, phenotypical malformations, spontaneous
movements and free-swimming patterns, heart rate and hatch-
ing. F0 parental zebrafish (i.e. adult fish) were further waterborne
exposed to the same nanoparticles and at the same nominal con-
centrations range for 1 week.

Adult zebrafish acute toxicity testing results were accurately
extended by in vivo ZET data that allowed for a sensitive and
early warning signal of nanotoxicity. Inversely to titanium dioxide
nanoparticles, calcium carbonate and antimony tin oxide nanopar-
ticles did not cause significant (sub-)lethality to zebrafish. Yet, all
nanoparticles tested induced-developmental cardiotoxicity.
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It is assumed that the key role in the cytotoxicity of nano-sized ZnO
compared to other metallic nanoparticles is played exactly Zn2+ due
to ion-shedding effect, which is capable in a high concentration to
trigger an apoptosis. On the other hand, the shape of the nanoma-
terial can also contribute to these processes under interaction with
the components of cell membrane.

The aim of work – to conduct a comparative analysis of the
membrane effects of nano-sized ZnO in different shapes: rods (ZnO
NRs) and spherical particles (ZnO NPs), after their interaction with
human lymphocytes.

Materials and methods: Lymphocytes were isolated from hep-
arinized peripheral blood of healthy donors. The morphology of the
nanostructured ZnO was studied by scanning electron microscopy
(SEM). PI test is used for cells viability assessment. Fluorescent
labeling with TMA-DPH, laurdan, N-(1-pyrenyl)-maleimide, fluo-
rescamine allow examining the conformation of cell membrane
components.

Results and discussion: It was shown that incubation of iso-
lated lymphocytes with 1–100 �g/ml ZnO NRs and ZnO NPs during
20 and 40 h leads to a dose-dependent increase of count cells in a
late apoptotic phase but the highest cytotoxity was revealed for ZnO
NPs. Study of physical state of membrane lipids after exposure of
lymphocytes to ZnO NRs revealed a decrease of lipid microviscosity
of the hydrophilic membrane area but increase it in hydropho-
bic area. The effects of ZnO NPs on membrane lipid components
were not significant. Investigations of the membrane proteins con-
formation state revealed rise of protein NH2-groups level on the
membrane surface only after lymphocytes exposure to ZnO NRs. At
that time, level of the membrane protein SH-groups after action of
ZnO NPs was increased, otherwise interaction of ZnO NRs with cells
lead to oxidation of thiol groups. According to the results of SEM,
the geometric size of the spherical ZnO NPs did not exceed 50 nm,
the diameter of the ZnO NRs was 50–80 nm and the length did not
exceed 500 nm. So, the obtained results of toxicological tests can
be partly explained a possibility of spherical ZnO NPs to enter into
cell while the more probable mechanisms for interaction with cell
of NRs are electrostatic interaction or membrane puncturing.

The work is supported by the BRFFR Grant B17-128 and the EU
Horizon 2020 programme under grant No. 778157.
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Increasing number of in-vitro acute toxicity studies suggest that
amorphous silica nanoparticles (SiNPs) could induce adverse
effects. However, different dispersion methods are being used to
disperse SiNPs and their effect on size distribution/Aggregation (not
agglomeration) were not properly addressed. We found that the
acute toxicity of SiNPs was strongly influenced when dispersed
using different methods. The main objective of this study was
to investigate the adverse effects of repeated low dose exposure
(estimated from OELs) in-vitro to SiNPs prepared by different dis-
persion methods. NM-200 (precipitated silica) was used in this
study and two stock dispersions were prepared by ultra-sonication
and vortexing respectively. Characterization of these suspensions
by Transmission Electron Microscopy (TEM) and Dynamic Light
scattering (DLS) indicated that only nanofractions were present
in the sonicated suspension while a mixture of nano and micro
(aggregated) particles were found in the vortexed suspension.
Human bronchial epithelial cell line (16HBE14o-) and Human
monocytic cell line (THP-1) were repeatedly exposed to low dose
(0.76 �g/cm2) of these suspensions, three times a week for three
weeks and the cell viability, cell number, total glutathione, IL-8,
IL-6 and genotoxicity were evaluated at the end of third week. Son-
icated suspensions strongly reduced the cell number/cell growth
rate, induced strong increase in IL-8 and IL-6 only in HBE cells. No
significant effect was noticed in THP-1 exposed to any of these sus-
pensions. Our results suggest that the dispersion method strongly
influenced the size distribution of SiNPs and therefore, acute and
chronic in-vitro toxicity of SiNPs.

https://doi.org/10.1016/j.toxlet.2018.06.906
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Clastogenic and aneugenic effects of short-time
and long-time exposure to nanoparticles in a
human population
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2 Charles University in Prague and General University Hospital in
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3 The Czech Academy of Sciences, Institute of Chemical Process
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4 Charles University in Prague and General University Hospital in
Prague, First Faculty of Medicine, Institute of Biophysics and
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5 Charles University in Prague and General University Hospital in
Prague, Faculty of Physical Education and Sport, Prague, Czech
Republic
6 Technical University in Liberec, Faculty of Mechanical Engineering,
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The application of nanomaterials has been rapidly increasing
during the last years. Current studies show, that inhalational expo-
sure to nanoparticles (NP) probably brings about negative toxic
effects, but there is a critical lack of human studies, especially
related to possible DNA alterations. In this study we analyzed
twice (pre-shift and post-shift) a group of 20 persons, long-
time working (17.8 ± 10.0 years) in nanocomposites research, and
21 matched controls. Detail aerosol exposure monitoring during
working shift in a sampling day (including processes as welding,
smelting, machining) to assess the differences in exposure to a wide
range of particulate matter (PM) including fractions <25–100 nm,
and chemical analysis of nano-sized fraction was completed. The
micronucleus assay combined with fluorescence in situ hybridiza-
tion using Human Pan Centromeric Chromosome Paint was applied
to recognize not only the frequency of total micronuclei (MN)
in binucleated cells (BNC), but also other types of chromosomal
damage (losses and breaks), including the centromere positive
(CEN+) and centromere negative (CEN-) micronuclei. The monitor-
ing data showed differences in the risk of exposure to NP related
to individual working processes as well as differences in chemi-
cal composition of nano-fraction. Cytogenetic results demonstrated
possible adaptation to long-time (years) exposure of NP (related
to total frequency of MN), although this exposure may be respon-
sible for DNA damage pattern changes (increase of chromosomal
breaks from 36% to 48% – clastogenic effect). However, short-time
(daily) exposure could be a reason for the increase of chromosomal
losses (aneugenic effect) as well as breaks (clastogenic effect) in
the exposed group, depending on the particular type of exposure.
Supported by the Grant Agency of the Czech Republic #18-02079S
and the Ministry of Education Youth and Sports Czech Republic
#LO1508.
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macrophage-like cells exposed to diverse
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1 Institute of Experimental Medicine, Department of Genetic
Toxicology and Nanotoxicology, Prague, Czech Republic
2 Institute of Molecular Genetics, Department of Biology of the Cell
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From the perspective of the immune system, nanomaterials (NMs)
represent invading agents. Macrophages are immune cells residing
in all organs and tissues as the first line of defense. Interac-
tions of macrophages with NMs can determine the fate of NMs
as well as their potential toxic effects. In the present study,
we compared toxicity of four different types of NMs [NM-100
(TiO2, 110 nm), NM-110 (ZnO, 20 nm), NM-200 (SiO2, 150 nm)
and NM-300K (Ag, 20 nm)], in THP-1 macrophage-like cells. Cells
were incubated with non-cytotoxic concentrations (1–25 �g/ml)
of NMs for 24 h and microarray technology was used to analyze
changes in whole-genome expression. Gene expression profiling
revealed a substantially different molecular response following
exposure to diverse NMs. While NM-100 did not exert any sig-
nificant effect on gene expression profile, all other NMs triggered
a pro-inflammatory response characterized by an activation of
NF-�B transcription factor and induced expression of numerous
chemokines and cytokines. NM-110 and NM-300K further affected
processes such as p53 signaling, oxidative and replication stress as
well as modulation of cell cycle and DNA repair. NM-300K, the most
toxic nanomaterial, was also characterized by enhanced expresion
of genes coding protesomal complex involved in degradation of
diverse proteins. We suppose that genotoxicity of ZnO and Ag NMs
leading to DNA damage in THP-1 macrophages is probably caused
by the extensive intracellular dissolution of these NPs, as confirmed
by TEM imaging. Supported by the Ministry of Youth, Education and
Sports of the Czech Republic (LO1508).
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E171 (Titanium dioxide) is an EC approved food additive (EC
1129/2011), authorized to be used as color in foodstuffs. It is widely
used for its refractive properties (shiny coating, UV protection) in
the food and pharmaceutical industries. It is intended and assumed
to be present in bulk form. A nanofraction may be present. Disper-
sion is crucial step to characterize the particle properties of food
additives as it allows to separate the primary particles. To better
characterize titanium dioxide food additives (E171) their disper-
sion method was optimized.

A dispersion methodology based on the Guiot and Spalla
approach was applied. It electrosterically stabilizes the
(nano)materials, dispersed by sonication, using BSA at a pH
determined by zeta potential measurement. Dispersion efficiency
was examined by descriptive TEM and using a combination of TEM
imaging and image analysis. The latter approach allows to assess
the distribution of the particle properties (size, shape, surface

structure) quantitatively. For both the pristine TiO2 food additive
E171 and the JRC TiO2 representative test material zeta-potential
measurement allowed to identify the conditions (pH) where a
stable dispersion with a minimal level of agglomeration was
observed. The stability of the dispersion was confirmed by descrip-
tive TEM: preparing dispersions of TiO2 through a pH adjustment
provides a stable dispersion of single primary particles and small
aggregates and agglomerates.

Under the optimized conditions, the minimal external dimen-
sion of the primary particles could be measured more precisely
and accurately by a combination of EM imaging and image analy-
sis than in metastable conditions, such that the materials could be
better classified according to the EC definition of a nanomaterial.

https://doi.org/10.1016/j.toxlet.2018.06.909
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Evaluation of tight junction disruption induced
particles on airway epithelial cells using an
automatized imaging method
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There is strong evidence indicating that some inhaled particles
can induce systemic effects. Translocation of particles from the
airways or the lung is one of the possible ways for particles to
induce systemic effects. Some nanomaterials have been proved to
induce changes in the tight junctions of airway epithelial cells. In
the present study we are using an automatized imager to evaluate
changes in tight junctions and comparing with the results obtained
by measuring the transepithelial electric resistance (TEER). We are
using human airway epithelial cell line 16HBE as a model of epithe-
lial barrier. To standardize the conditions of our cell cultures we
seeded different cellular densities of 16HBE (8,000 to 33,000 cells)
inside inserts with a surface of 0.3 cm2. Once the cultures look con-
fluent, we measured the TEER every day. After 5 to 7 days in culture,
the higher density of cells did present a large increase in the TEER
values, and these values remain high during 3–5 days. When expos-
ing to NaHClO at concentrations from 0.0003 to 0.3% we observed
drops in the TEER values. At the highest concentrations (0.3 and
0.03%) there was no recovery on the TEER values even after 24 h
of exposure. With the lowest concentrations, after the TEER values
get reduced in the first 2–5 h, there was a recovery after 24 h. Some
particulate matter was used to evaluate the effect on the TEER val-
ues. TiO2, PM10 and PM2.5 were tested with transient drops on TEER
values at concentrations above 10 mg/cm2. Using the same cellular
densities as on inserts, we seeded 96 well plates (with a surface of
0.3 cm2/well). When we register an increase in the TEER values on
the inserts, we treated the 96 well plates in the same way. To eval-
uate alterations in the tight junctions we did immunofluorescence
staining for ZO-1 (tight junction protein) and evaluating changes
in the tight junction patter using ImageXpress Micro equipment.
With this method we are looking to automatize the evaluation of
changes in tight junction patterns. Due to the variability on TEER
values measurement, more efficient ways of evaluating changes in
tight junctions is needed to evaluate and screen large amount of
chemicals and particulate matter. Our preliminary results indicate
that this approach is promising.

https://doi.org/10.1016/j.toxlet.2018.06.910
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Silica nanoparticles impact the permeability of
human intestinal barrier

R. Cornu ∗ , C. Chrétien, A. Béduneau, H. Martin

Université de Bourgogne Franche-Comté, PEPITE EA4267, Besançon,
France

Nanoparticles (NPs) are colloidal systems with a size below 100 nm.
They are present in some innovative drugs called “nanomedicines”
and in many food products. Among them, silica NPs are used as
a lubricant in the production of tablets but also as an anti-caking
agent in powdered foods (named additive E551). Some recent infor-
mation has alarmed on a potential human health risk induced by
the oral ingestion of the additive E551 composed of a high part of
silica NPs. The lack of knowledges regarding their effects due to
their unique physicochemical properties (size and specific surface
area) requires a rigorous evaluation of the safety of these NPs, espe-
cially at the level of the intestinal barrier. Indeed, a modification of
its permeability could have deleterious consequences for human
health. The aim of the present work is to determine the effects of
silica NPs and the corresponding food additive on the permeability
of the intestinal barrier. For this purpose, silica NPs at different sizes
and the additive E551 were added for 2 h to Caco-2/HT29-MTX cells
in co-culture. This in vitro model is recognized as a relevant model
to mimic human intestinal barrier. The integrity of the intestinal
barrier was evaluated through the measurement of transepithe-
lial electrical resistance (TEER). In addition, paracellular transport
was studied through the quantification of lucifer yellow, a mem-
brane integrity marker. The level of reactive oxygen species (ROS)
and different cytokines (IL-1�, IL-6, IL-8 and IL-10) was measured
to evaluate the oxidative cellular stress and the inflammatory pro-
cess. At non-cytotoxic concentrations, silica NPs dramatically alters
the integrity of the intestinal barrier. This effect was not strictly
inversely proportional of the NP size since the most deleterious
effects were observed with the 30 nm NPs. The enhanced paracellu-
lar transport could promote the passage into the body of potentially
toxic molecules for humans. Moreover, the ROS production and
the proinflammatory signaling pathway were increased after NP
treatment. Taken altogether, these results suggested that the silica
NPs can strongly alter the barrier function of the human intestine
and interact with the epithelial cells by inducing an inflammatory
response and an oxidative stress.

https://doi.org/10.1016/j.toxlet.2018.06.911
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Effects of double-walled carbon nanotubes on
the pneumonia in respiratory syncytial
virus-infected mice
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Double-walled carbon nanotubes (DWNTs) have been expected
to be one of important materials in the fields of nanotechnology,
because they have not only high mechanical strength and thermal
stability but also unusual electronic and optical properties. But their
safety for human health is poorly known. To evaluate immunotox-

icity of DWNTs, effects of DWNTs on the pneumonia in respiratory
syncytial virus (RSV)-infected mice were assessed.

We used DWNT-1 (1 �m in length), DWNT-7 (7 �m in length)
and DWNT-15 (15 �m in length) in this study. The RSV infec-
tion test was performed as reported previously [1]. Briefly, female
(6 weeks old) BALB/c mice were exposed intranasally to DWNTs
(0–0.25 mg/kg) on days 1, 3 and 5 before RSV infection under anes-
thesia. These mice were intranasally infected with 3.5 × 105 PFU of
RSV under anesthesia.

The levels of chemokine CCL5 (RANTES), a representative
marker of pneumonia, in the bronchoalveolar lavage fluids (BALF)
of RSV-infected mice were increased due to DWNT-1-exposure
(0.025 mg/kg) compared with the control on day 5 post-infection.
Histopathological analysis for lung tissues showed that the infil-
tration of mononuclear cells in alveolar wall was also increased
due to DWNT-1-exposure compared with the control. Ingestion
of the carbon tubes in macrophages was observed in the lung tis-
sues of DWNT-1-exposed (0.25 mg/kg) RSV-infected mice. Effects
of DWNT-7 and DWNT-15 on the pneumonia were not clear com-
pared with DWNT-1.

Thus, exposure to DWNTs exacerbated the pneumonia in RSV-
infected mice and might influence macrophages/monocytes in an
early phase of RSV infection.

Reference

Hashiguchi, et al., 2015. Environ. Toxicol. Pharmacol. 39, 879–886.
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lines, aquatic and soil organisms and
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The use of iron oxide nanoparticles (IONPs) as an environment
remediation tool is based on their ability to adsorb metals and
decrease their bioavailability. Within the Reground project, a humic
acid coating was introduced on IONPs (ha-IONPs) to improve their
reactivity and stability in the environment and could as well affect
their toxicity. Cytotoxicity assays on human cell lines (A549 and
Caco-2) and acute toxicity tests on soil and aquatic organisms
(enchytraeids, plants and daphnids) were used to evaluate the
toxicity of these particles. In addition, possible toxicological inter-
actions between adsorbed zinc ions (Zn, as a model pollutant)
and the ha-IONPs were evaluated.ha-IONPs caused no toxicity
effects on A549 and Caco-2 cells, except at rather high concentra-
tions (above 100 mg/mL), in which assay artefacts induced by the
NPs could not be totally excluded. In the ecotoxicological studies,
ha-IONPs did not show any toxic effect to soil invertebrates (enchy-
traeids) and plants (Lactuca sativa), but caused immobilization to
Daphnia magna (EC50 > 900 mg/L).

The co-incubation of Zn ions with ha-IONPs led to slight changes
in cellular toxicity when compared to the cellular response of the
metals alone. Although the EC50 values did not change, the shape of
the dose responses became shallower in the presence of ha-IONPs.
This suggests a protective effect of the NPs at high metal concen-
trations and an enhanced toxicity at low concentrations. To further
investigate the mechanisms leading to such increased toxicity,
the mixture was also tested on 21-day differentiated Caco-2 cells,
which are characterized by minimal nanoparticle uptake. In this
model, Zn toxicity was much lower than in A549 cells, regardless
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of the presence of ha-IONPs. These results, together with additional
evidence showing the precipitation of Zn salts in the assay medium,
suggest that cell internalization as particles is a determinant event
of metal toxicity.

In the Daphnia magna assays, co-exposure to Zn salts and ha-
IONP, decreased the toxicity of the Zn salts (EC50 increased from
0.013 mg Zn/L to 0.575 mg Zn/L), showing a protective effect of the
particles. This could be due to the reduced bioavailability of the Zn
ions due to settling in association with ha-IONPs.

Acknowledgments: Supported by the EU H2020 Project
REGROUND, ID: 641768 (2015-2018).

https://doi.org/10.1016/j.toxlet.2018.06.913

P17-18
In vitro toxic effects of L-glutamic
acid-g-p(HEMA) polymeric nanoparticle

N.B. Bakan 1,4,∗ , S. Gülcemal 2, S. Akgöl 3, P.H.M. Hoet 4,
N.U. Karabay Yavaşoğlu 1
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Polymers are widely used as biomaterials due to their unique
properties such as biocompatibility, easy design preparation and
a variety of structures. Several methods have been developed to
improve polymer design and it based conjugates provides many
advantages, especially in clinical studies. There is limited number
of studies on this subject. The aim of the study was character-
ized and determined of in vitro toxicities of newly synthesized
L-glutamic acid-g-p(HEMA) nanoparticles. The characterization
analyses showed that polymers have an average size of around
194.6 nm and zeta potential is a negative value which is −18 mV.
SEM image was also supported these findings. The sample was
scanned from 750 to 4000 cm−1 for FT-IR spectroscopy and the
characteristic peaks of stretching band were observed in spectrums.
It was determined that the nanoparticle (12.5–100 �g/ml) has not
been showed cytotoxic effect on healthy cell line (HEK 293, ATCC-
CRL-1573) with WST-1 test after 24 and 48 h of exposure. It has
not hemolytic activity on rabbit erythrocytes even at the high-
est concentration (20–160 �g/ml). Also, Ames Test results showed
that it was not caused genotoxic effects on Salmonella typhimurium
TA 98, TA 100, TA 1535 and TA 1537 strains (even at 5000 �g/ml
concentration). So, it has shown promising results for the future
works.

https://doi.org/10.1016/j.toxlet.2018.06.914
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Background: Some studies showed reproductive and developmen-
tal toxicity of multi-wall carbon nanotube (MWCNT) in mice, but
the mechanism remains unknown. We preliminary found that the
strength of the toxicity was varied depending on pretreatments
for MWCNT. We here conducted a comparative study using the
MWCNT samples with different pretreatment.

Materials and methods: Pregnant ICR mice were intratra-
cheally instilled with three types of MWCNT samples: bulk
(B-group), heat-treated (incubation 2-hr at 250 ◦C; H-group) and
well-dispersed by Taquann method (T-group). Animals were
repeatedly administered on gestational days 6, 9, 12 and 15 at the
dose of 4 mg/kg/day, and then dissected on gestational day 17 for
evaluation of reproductive parameters. Pulmonary toxicity of the
dams was analyzed at gestational day 15 after three times instilla-
tion.

Results and discussion: The body weight of dams in H-group
significantly decreased at the day 17 comparing to vehicle con-
trol. Number of dead fetuses was increased in H-group, although
the change was not significant. Body weight of fetuses was sig-
nificantly decreased in B- and H- groups, and the mean value in
H-group was lower than that in B-group. Frequency of visceral mal-
formations of the fetuses was significantly high in B- and H-groups.
In contrast, these parameters were not changed in T-group. Histo-
logical analysis of the lung parenchyma of dams revealed that the
level of inflammation was high in order of H- > B- > T- group. LDH
and total protein levels in lavage of the lung were increased in all
exposed groups, but to a lesser degree in T-group. Further, expres-
sion of inflammation-related genes in the lung, such as ccl-2 and
Il-6, was markedly upregulated in H-group. These data suggest that
the developmental toxicity of MWCNT could be depending on the
level of inflammation in the dam’s lung.

Acknowledgement: This study was supported by a Health and
Labour Sciences Research Grant (H30-Kagaku-Shitei-004) from the
MHLW, Japan.

https://doi.org/10.1016/j.toxlet.2018.06.915

P17-20
Hazard assessment for a Ti-based
nano-additived material: from core-shell
production to final part

S. Verstraelen ∗ , A. Van Rompay, A. Jacobs, K. Hollanders,
F. Boonen, G. Geukens, E. Frijns, L. Geerts, R. Weltens

Vlaamse Instelling voor Technologische Onderzoek (VITO), Unit
Environmental Risk and Health, Mol, Belgium

VITO started to implement the ‘Safe Innovation’ concept in the
H2020 NANOTUN3D project (Grant Agreement 685952; www.
nanotun3d.eu/; 2015–2019) concerning the development of nano-
modified alloys for additive manufacturing. It’s a way to incorporate
Health, Safety, and Environmental (HSE) aspects already at an early
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stage of the innovation process in order to guarantee safety at
the workplace, for consumers, and the environment. Identification
of exposure scenarios, exposure modelling, and on-site measure-
ments provided information on the relevant exposure routes. The
human and ecological hazard assessment was performed for these
routes and these results are shown for 7 NANOTUN3D test items,
i.e. silicium carbide (SiC, 50 and 500 nm), titanium dioxide (TiO2,
50 nm), SiC@TiO2 core-shell nanoparticle (50 and 500 nm), and
yttrium oxide (Y2O3, 40 nm, Alfa Aesar and HWNANO).

Human toxicity screening consisted of acute exposure of in vitro
cultured human cell models (airways: A549 alveolar epithelial cells
type II), skin: SkinEthicTM Reconstructed Human Epidermis (OECD
Test Guideline (TG) 439), and eye: SkinEthicTM Human Corneal
Epithelium (SkinEthicTM HCE, OECD TG 492)) and endpoint anal-
ysis of cytotoxicity and oxidative stress (A549 cells), and irritation
responses (RHE, HCE). For eye irritation, the Bovine Corneal Opac-
ity and Permeability test (OECD TG 437) was performed in a testing
strategy together with SkinEthicTM HCE. Ecological hazard iden-
tification for the aquatic environment was assessed. To simulate
potential emissions to the aquatic compartment, leachable frac-
tions (LF) were prepared. The acute aquatic toxicity of the LFs
was measured (Algae growth inhibition (OECD TG 201) and Daph-
nia acute immobility (OECD TG 202)) for all compounds. Also the
chronic ecotoxicity for selected compounds SiC 50 nm and Y2O3
was measured (Algae NOEC/LOEC (OECD TG 201) and Daphnia
reproduction (OECD TG 211)).

No human health hazard effects were observed for the NAN-
OTUN3D compounds. Adverse effects were seen in the Algae
growth inhibition test for TiO2 and Y2O3 (EC50 value = 73% LF
(730 mgeq/l); NOEC/LOEC = 250/500 mgeq/l). No adverse acute
effects were seen in the Daphnia test. SiC 50 nm also had no inhibit-
ing effect on Daphnia (reproduction test). Y2O3 showed chronic
toxicity for Daphnia (NOEC/LOEC = 500/1000 mgeq/l).

https://doi.org/10.1016/j.toxlet.2018.06.916
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Introduction: Different usages of organophosphate (OP) poisons
and availibility of these compounds for most peoples cause seri-
ous intentional and accidental toxicity. Hydroxyl group of serine in
active site of acetylcholine estrase (AChE) enzyme inhibits by OPs
and inactivat the enzyme. Treatment of OPs poisoning is not always
successful. Use of synthetic polymers because of biocompatibility
and biodegredetivity is very important. In this study we attempt to
attach serine amino acid to the polyethylenglycol (PEG) as a novel
antidote for Ops poisoning.

Methods: Serine and polymer were conjugated with reductive
amination reaction. nanoparticles were purificated by ultrafilter-
ation. Structure of conjugated compound were analyzed by 1H
NMR, 13C NMR, IR and DSC. Particle size of this compound deter-
mined by dynamic light scattering method. Finally, amount of blood
hemolysis and its cytotoxicity effects on SKBR3 cell line were cal-
culated. Effectivness of NPs were evaluated in Albino poisoned
mice. NPs at doses of (100, 200, 400 mg/kg) were administered (ip)
20 min after a single dose of diazinon (LD50 = 166 mg/kg). Atropine
(20 mg/kg, ip) with Pralidoxime (20 mg/kg, ip) or alone as compared
to the standard treatment were used. LD50 decreasing, cholines-

trase reactivation enzymes in brain, RBC and serum and oxidative
dammage in brain mitochondria were assessed in mice.

Results: According to NMR, IR and DSC data, conjugation of
PEG to Serine was achieved succesfully. Peak 9.5 ppm in 1HNMR
spectrum of PEG-aldehyde which is attributed to the aldehyde
hydrogen, does not exist in PEG-Serine spectrum and also appear-
ance of peak 179.89 ppm in 13C-NMR of PEG-serine are indications
of the product correct structure. Avarage particle size of nanomi-
celle was determined 192.4 nm. Amount of hemolytic activity of
this NP was calculated 0.867% and IC50 was calculated 36 mg/ml.
LD50 significantly decreased (25%) by NPs when compared with
only diazinon group. Cholinestrase enzymes activity, lipid per-
oxidation, protein carbonyl content, and mitochondrial function
significantly improved by NPs when compared with diazinon
group.

Conclusion: Synthetized conjugated compound is very biocom-
patible with none toxicity that can successfully decrease the acute
toxicity of diazinon as a new combination therapy.

https://doi.org/10.1016/j.toxlet.2018.06.917
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Single-walled and multi-walled carbon
nanotubes induce epigenetic alterations in
association with the nuclear deposition in 16
HBE cells
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In order to understand the epigenetic toxicity, in particular DNA
methylation alterations, of SWCNTs and short MWCNTs, we per-
formed global/genome-wide, gene-specific DNA methylation and
RNA-expression analyses after exposing human bronchial epithe-
lial cells (16HBE14o- cell line). The presence of CNTs on/in the
cell nucleus was evaluated in a label-free way using femtosecond
pulsed laser microscopy. A higher number of SWCNTs, compared
to MWCNTs, was deposited at both the cellular and nuclear
level after exposure. No global DNA methylation alteration on 5-
methylcytosine (5-mC) or LINE-1 elements were observed for both
CNTs. After exposure to MWCNTs, 2398 genes were hypomethy-
lated (at gene promoters), and after exposure to SWCNTs, 589
CpG sites (located on 501 genes) were either hypo- (N = 493 CpG
sites) or hypermethylated (N = 96 CpG sites). Significant changes
in sequence-specific methylation was observed also observed in
at least one CpG site for DNMT1 (SWCNT), HDAC4 (MWCNT),
NPAT/ATM (MWCNT and SWCNT), MAP3K10 (MWCNT), PIK3R2
(MWCNT and SWCNT) and MYO1C (SWCNT). The study did not
reveal any significant alteration in the miRNA expression, associ-
ated with MWCNT and SWCNT exposure. Cells exposed to MWCNTs

https://doi.org/10.1016/j.toxlet.2018.06.916
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exhibited a better correlation between gene promoter methyla-
tion and gene expression alterations. Differentially methylated and
expressed genes induced changes (MWCNTs > SWCNTs) in different
cellular pathways, such as p53 signalling, DNA damage repair and
cell cycle. Based on our results, CNT induced DNA methylation and
expression changes could have significant impact on several critical
cellular processes.

https://doi.org/10.1016/j.toxlet.2018.06.918
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Effects of silver nanocomposite (AgI) on Allium
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Nanomaterials, occurring naturally or engineered for many differ-
ent purposes, have a wide range of applications due to have a small
size and large surface area. Silver nanoparticles (AgNPs) are used as
antimicrobial agent in various products such as textiles, cosmetics,
medical tools, food packaging. This widespread use of this materi-
als causing concern about the effects of human and environmental
health. Moreover, to increase the antimicrobial activity, different
groups are added to AgNPs. AgI, nano-sized a silver halide, is notice-
able composite in this area. With the advances in nanotechnology,
new materials are produced day by day, although the information
on the potential toxicity of these materials is very limited. In this
study, the effects of nano silver composite AgI (AgI NP) was inves-
tigated with the COMET assay (single cell gel electrophoresis) on
Allium cepa root cells. A. cepa root cells were exposed to AgI NP
during 18 h. Five onion bulbs were used for each dose and three
were randomly selected. 50 cells were counted for each dose and
the genotoxic damage caused by the nanocomposite was assessed
according to the tail length parameter. Distilled water and ethyl
methane sulfonate were used as a negative and positive control,
respectively. The statistical analysis was performed using SPSS soft-
ware and One-Way ANOVA was used to evaluate the differences
between the distilled water and the treated groups. The results
obtained from this study showed statistically significant positive
results at 0.05 mM and 0.1 mM doses of AgI NPs. The genotoxic-
ity observed at the lowest dose of 0.01 mM and the highest dose
of 0.5 mM was not statistically significant. This study revealed that
AgI nanocomposite induced DNA damage on Allium cepa root cells.

https://doi.org/10.1016/j.toxlet.2018.06.919
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Silver nanoparticles (AgNPs) are widely used due to their
physico-chemical properties in nanotechnology, especially their
antibacterial effect. Recent studies are progress to produce new
silver composites to enhance the antibacterial activity of AgNPs.
Since silver nano composites are new products, there is limited
information about the effects on the environment and the living
organisms during their production, use and disposal. Determina-

tion of the genotoxic potential of these AgNPs composites will
enable for a safer use of AgNPs. In this study, micronucleus (MN)
test, mitotic index (MI) and other chromosome aberrations (CA)
tests were applied Allium cepa root meristematic cells in order to
investigate the potential genotoxic effects of AgI NPs. The cells
were exposed to four different doses (0.01, 0.05, 0.1 and 0.5 mM) of
AgI NP during 18 h. The CA test was evaluated according to different
categories such as bridge, c-mitosis, polar deviation, binucleate,
nuclear bud, laggard, early movement, and other deviations. The
mutagenic effect of the NP tested was examined by the MN test. The
cytotoxic effect was also determined by calculating the MI by the
ratio between the number of dividing cells and the total of cells. In
the tests, 3 repetitive 1000 cells (total 3000 cells) were evaluated.

Analysis of variance (ANOVA) and Dunnett’s t-test (p < 0.05) was
used for the statistical analysis of MI, MN, and CA data. Our results
reveal that although the mitotic index did not statistically differ-
ent from control group, chromosomal damages were significantly
induced in all doses. On the other hand, incidence of MI was not
statistically significant at any doses.

https://doi.org/10.1016/j.toxlet.2018.06.920
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Silica nanoparticles (SiO2 NPs) are easily produced in different sizes
and surface modifications enabling their use in several industrial
and biomedical applications, which increases the risk of human
exposure to these nanoparticles. Because the toxicological profile
of nanoparticles is dependent upon their physicochemical prop-
erties, the aim of this study was to investigate the influence of the
physicochemical properties (size, surface capping and hydrophilic-
ity/hydrophobicity) in the cyto- and genotoxicity of SiO2 NPs in rat
alveolar epithelial cells (RLE-6TN), a primary target during inhala-
tion exposure.

To evaluate the cytotoxic potential of SiO2 NPs, RLE-6TN cells
were exposed for 24 h to different concentrations (0–56 �g/cm2)
of differently capped (naked, phosphonate- and amino-modified),
differently sized (7, 15 and 40 nm), and with different hydrophilic-
ity/hydrophobicity nature variants dispersed in serum-free culture
medium. Cytotoxicity of the SiO2 NPs was assessed by determin-
ing the LDH release and WST-1 metabolization in RLE-6TN cells.
To evaluate the genotoxic potential of the SiO2 NPs, RLE-6TN cells
were exposed to subtoxic concentrations of the different variants
tested (0–28 �g/cm2) and the potential DNA damage was assessed
by the alkaline comet assay.

Exposure to hydrophilic SiO2 NPs induced a concentration-
dependent cytotoxicity in RLE-6TN cells, being the cytotoxic effect
more marked in the cells exposed to the smallest SiO2 NPs. Amino
and phosphonate surface modification mitigated the cytotoxicity of
the SiO2 NPs as demonstrated by the lower LDH released levels and
higher metabolization of WST-1 comparing with cells exposed to
naked SiO2 NPs with the same size. Exposure to hydrophobic SiO2
NPs did not induce cytotoxicity on RLE-6TN cells. No DNA damage

https://doi.org/10.1016/j.toxlet.2018.06.918
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was observed in RLE-6TN cells after 24 h of exposure to all tested
SiO2 NPs.

Our data shows that size and hydrophilic/hydrophobic nature
influence the cytotoxic profile of SiO2 NPs. In turn, amino and
phosphonate surface modification attenuates cytotoxicity of SiO2
NPs on RLE-6TN and might constitute a strategy to increase bio-
compatibility of SiO2 NPs. Nevertheless, further research such as
the evaluation of other toxicity endpoints, should be conducted to
support our findings.

This work is supported by Fundação para a Ciência e a Tecnologia
through European project NanoToxClass (SIINN/0001/2013) and
under the grants SFRH/BD/101060/2014, SFRH/BPD/96196/2013
and SFRH/BD/120646/2016.

https://doi.org/10.1016/j.toxlet.2018.06.921
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1 Fraunhofer Institute for Toxicology and Experimental Medicine
ITEM, Genetic Toxicology & Tumor Research, Hannover, Germany
2 Université catholique de Louvain, Louvain Centre for Toxicology and
Applied Pharmacology (LTAP), Woluwe-Saint-Lambert, Belgium
3 North Carolina State University, Department of Biological Sciences,
Raleigh, US
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Multiwalled carbon nanotubes (MWCNTs) represent tube-like
structures with nano-sized diameters, made of multiple carbon
layers. MWCNTs exhibit promising properties, including electri-
cal/thermal conductivity and high tensile strength, thus practically
pointing to a wide range of applications in the electronics and
composite materials sectors. However, hazard characterization of
MWCNTs, highly needed for work place and consumers’ safety, is
still incomplete. Besides morphology, surface functionalization of
MWCNTs may have marked impact on adverse biological activity.
The ERA-NET SIINN project ICONS (“International Collaboration On
Nanotube Safety”) thus aimed at mechanistically evaluating and
ranking the pro-fibrotic and genotoxic potential of eight differen-
tially purified (chemically or thermally) and functionalized (–COOH
and –NH2) MWCNT samples, made from one batch of industri-
ally relevant Nanocyl NC7000 (tangled morphology). One focus of
the subproject, carrried out by Fraunhofer ITEM (BMBF-funded:
FKZ: 03XP0063), deals with the comparative in vitro (geno)toxicity
testing of the eight samples, using primary human lung fibroblast
MRC-5 and primary human peritoneal mesothelial LP9 cells. MWC-
NTs were intially tested for sterility and endotoxin, followed by
development of an ultrasound-based dispersion protocol. Scan-
ning electron microscopy indicated presence of both free fibers and
agglomerates, and turbidity measurements pointed to differential
sedimentation and thus perhaps unequal in vitro doses. Subsequent
in vitro testing revealed concentration-dependent membrane dam-
age (LDH release), differential inhibition of proliferation (RICC,
mitotic index), slight induction of micronuclei (1 �g/cm2, 24 h),
and loss of chromosomes in MRC-5 cells. In LP9 cells (5 �g/cm2,
24 h), induction of LDH release, differential accumulation of MWC-
NTs around the cell nucleus and impairment of the cytoskeleton
(�-tubulin immunofluorescence) were noted. But, no direct DNA
damage (�H2A.X or 53BPI foci) was evident, and only sporadic

�H2A.X panstaining occurred to account for induction of apoptosis
or cellular senescence. Our results point so far to a rather mechani-
cal than clastogenic adverse activity of the MWCNTs. Two candidate
MWCNTs will be selected for a 28-day inhalation test in rats.

https://doi.org/10.1016/j.toxlet.2018.06.922
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Transcriptional changes underlying cerium
dioxide nanoparticle modulation of allergen
induced type II airway inflammation
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Cerium dioxide nanoparticles (CeO2NPs) have the potential to
impact disease outcome but have not been investigated for their
effect on models of asthma and inflammatory lung disease. We
therefore set out to examine the impact of CeO2NPs on a house
dust mite (HDM) allergen induced model of asthma in Balb/c mice.
Repeated intranasal instillation of CeO2NPs in the presence of
HDM resulted in a type II inflammatory response, characterised
by increased pulmonary mast cell markers, plasma IgE and air-
way goblet cell metaplasia. This was accompanied by increases in
IL-4, CCL11, mucin levels and inflammatory regulators CLCA1 and
SLC26A4 within the lung. Repeated HDM instillations followed by
a single exposure to CeO2NPs failed to produce changes in type II
inflammation but did result in alterations in the neutrophil acti-
vation marker CD177. RNA-SEQ was used to explore early effects
of CeO2NPs and HDM exposure after 24 h exposure. Changes in
serum amyloid A3 expression paralleled increased neutrophil lev-
els within BAL fluid, while no changes in eosinophil or lymphocyte
levels were observed. RNA-Seq was also used to investigate tran-
scriptional responses within the lung after repeat CeO2NP and
HDM treatments. Changes in macrophage differentiation markers
indicative of type II inflammation were prominent among a gen-
eral inflammatory profile. Overall changes in gene expression were
consistent with regulation of dendritic cells, macrophage function-
ality and interferon signalling as the potential key events for how
CeO2NPs may guide pulmonary responses to allergen towards type
II inflammation. As this type of inflammatory response is present
within asthmatic endotypes our findings may have implications
for how occupational or incidental exposure to CeO2NPs should be
considered for those susceptible to disease.

https://doi.org/10.1016/j.toxlet.2018.06.923
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Toxicity of ceramic nanoparticles in human
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Several ceramic industries have already incorporated within their
production processes the manufacture of different types of ceramic
nanoparticles, as well as the application of those nanomaterials on
conventional products, which increases the risk of human exposure
to these nanoparticles, particularly in occupational settings.

The aim of this study was to investigate the in vitro toxicity
of ceramic nanoparticles (ZrO2, and CeO2 and Sb2O3·SnO2·NPs) in
human alveolar epithelial cells, a primary target during inhalation
exposure. The cells were grown for 7 days onto Transwell inserts in
RPMI 1640 medium supplemented with Glutamax, 25 mM HEPES,
10% FBS, 50 U/mL penicillin and 50 �g/mL streptomycin. Cells
were exposed to aerosolized nanoparticles for 2 and 4 h at air-
liquid interface using a Vitrocell

®
exposure system and cytotoxicity

assessed by the LDH release and WST-1 metabolization assays
immediately after exposure or in the recovery time (24 h). DNA
damage was also assessed by the alkaline comet assay at 24 h
after exposure. The percentage of DNA in the tail and the olive
tail moment (OTM) were used as a measure of the amount of DNA
damage.

A concentration-dependent increase in LDH release was
observed after 2 and 4 h of exposure to all the tested aerosolized
NPs comparing with cells exposed to clean air (exposure control).
However, 24 after exposure, no differences in LDH release levels
were observed among the exposed cells (exposure control and NPs
aerosol-exposed cells) but those were significantly higher than the
incubator control. A concentration-dependent decrease in cellular
metabolic activity, as assessed by the WST-1 assay, was observed
24 h after exposure to all tested NPs aerosols. Regarding the DNA
damage induced by exposure to the NPs aerosols, no significant
increase in % tail intensity and OTM was detected comparing with
control cells.

Under our experimental conditions, exposure to the NPs
aerosols affected plasma membrane integrity and the metabolic
activity of A549 cells. Further research should be conducted to get
further insight into the mechanisms involved in the toxicity of the
selected ceramic nanoparticles.

This work was supported by the Portuguese Foundation for
Science and Technology (FCT) through the CERASAFE project
(SIINN/0004/2014). MJB and FB thank FCT for their PhD scholar-
ships (SFRH/BD/120646/2016 and SFRH/BD/101060/2014).
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The MEtabolomics standaRds Initiative in Toxicology (MERIT) is
a European Centre for Ecotoxicology and Toxicology of Chem-
icals (ECETOC) supported project to provide guidance on best
practice, quality standards and the reporting of analytical and
computational metabolomics methods used in regulatory toxicol-
ogy. ECETOC relies on world-wide expert collaboration “to develop
an agreed understanding on how the state of the science can be
used to improve [chemical] risk assessment by developing novel
tools”. Although there is strong interest in using metabolomics
from industry and regulatory scientists, the lack of best practice
guidelines is a concern that has hindered its use in regulation.
Fourteen metabolomics scientists from academia, industry, regu-
latory and government agencies were recruited as the MERIT core
team, with a much larger number acting as a wider consultative
group. The primary objective of MERIT is to develop best prac-
tice guidelines and minimal reporting standards in the context of
metabolomics in regulatory toxicology. Several case studies rep-
resenting near-future applications of metabolomics - including for
the discovery of molecular key events and biological read-across -
are being used to ensure the relevance of the guidelines to regula-
tory toxicology. MERIT will publish its recommendations for best
practice and reporting standards and is liaising with other groups,
such as the NIH Metabolomics Quality Assurance and quality Con-
trol Consortium (mQACC) and the Metabolomics Society, to ensure
harmonization of the recommendations.

https://doi.org/10.1016/j.toxlet.2018.06.926
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DMSO-induced drastic changes in cellular
processes and epigenetic landscape in vitro

M.C.T. Verheijen 1 , M. Lienhard 2, Y.J.M. Schrooders 1,
O. Clayton 3, R. Nudischer 3, B. Timmermann 2, S. Boerno 2,
N. Selevsek 4, R. Schlapbach 4, H. Gmuender 5, S. Gotta 5,
R. Herwig 2, J.C.S. Kleinjans 1, F. Caiment 1,∗

1 Maastricht University, Toxicogenomics, Maastricht, Netherlands
2 Max-Planck-Institute for Molecular Genetics, Computational
Molecular Biology, Berlin, Germany
3 F. Hoffmann-La Roche AG, Basel, Switzerland
4 ETH Zurich and University of Zurich, Functional Genomics Center,
Zurich, Switzerland
5 Genedata AG, Basel, Switzerland

The use of 0.1% DMSO (dimethyl sulfoxide) as solvent for in vitro
assays is widespread and effects are often assumed to be negligible.
Initially, DMSO was researched for medical applications although
clinical trials were halted in 1965 due to adverse effects whereupon
DMSO was labeled extremely toxic. Years later, upon reviewing
new results, the FDA classified DMSO in the safest category. There-
after, DMSO was used in applications such as cryopreservation or
cell differentiation inducer, but mainly as a solvent. This study
uses complete transcriptome and epigenome sequencing (RNA-seq
& MeDIP-seq) to chart the effects of 0.1% DMSO on 3D cardiac
and hepatic microtissues for the purpose of assessing whether
DMSO induces bias in analyzing findings from toxicant-treated
in vitro assays. RNA-seq detected over two thousand differentially
expressed genes (DEGs; FDR > 0.05) in both cardiac and hepatic
tissue (compared to untreated microtissues). Pathway analysis of
these DEGs identified hundreds significantly overrepresented path-
ways (FDR < 0.05). Although the amount of DEGs per biological
process differs between the tissues, similar processes are affected,
indicating a consistent mode of action of DMSO. Since affected path-
ways displayed a majority of downregulated genes, processes of
transcriptional regulation were investigated in detail, focusing on
DNA methylation. Differentially methylated regions (FDR < 0.05)
found in both tissues indicate changes in the epigenetic landscape,
suggesting that DMSO can interfere with regulatory systems in
cardiac and hepatic tissues. While the field is evolving towards
more sophisticated in vitro models, using 3D conformation and/or
physiological-consistent low dose concentrations, omics technolo-
gies clearly demonstrate that the effect of DMSO on cell regulation
has to be kept in mind when designing in vitro studies and inter-
preting the data. Consequently, the lowest possible dose of DMSO
should be used as even low incubation concentrations may induce
solvent-induced bias.

https://doi.org/10.1016/j.toxlet.2018.06.927
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following a 6-month exposure
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Smoking cessation has been reported as one of the most effective
approaches to reducing the effects of cigarette smoke (CS). We used
integrated omics analyses to investigate the impact of smoking ces-
sation in murine liver and kidney, the primary organs involved
in xenobiotic response. Female C57BL/6J mice were exposed to
filtered room air (sham) or K3R4F reference CS for 6 months. More-
over, two additional groups as smoking cessation groups, mice were
exposed to CS for 5 or 13 week, followed by filtered air up to 6
months. Livers and kidneys were subjected to transcriptomic and
proteomic analysis. The number of differentially expressed genes
(DEGs) was higher in livers than in kidneys in all exposure groups,
suggesting a greater impact on liver. Notably, the number of DEGs
decreased as the duration of the cessation period increased, in
particular DEGs related to cell stress, oxidative stress, and inflam-
matory responses. Cessation periods reduced the numbers of DEGs
in both organs, approaching the numbers in the sham group.
Canonical pathway analysis predicted that CS inhalation would
activate the aryl hydrocarbon receptor signaling pathway in the
liver, showing a good correlation between gene expression and the
abundance of proteins related to aryl hydrocarbon receptor signal-
ing. These findings suggest that CS-inducible cell stress, especially
in the liver, is mediated by aryl hydrocarbon receptor signaling.
Moreover, this impact can decrease with the duration of smoking
cessation.

https://doi.org/10.1016/j.toxlet.2018.06.929
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The dynamic, time- and dose-dependent perturbation of intra-
cellular pathways is an important mechanism underlying toxic
responses in several species, in vivo and in vitro; the identification
of such perturbations is essential to understand the mechanisms
and to design effective predictive models. Despite the large amount
of gene expression data generated for this purpose, certain lim-
itations exist when using available analytical methods, including
database annotation, arbitrary thresholds for statistical testing, as
well as species- and model- specific responses. In this study, we
sought to overcome these limitations by applying a data-driven
approach to identify perturbations to pathways/gene sets apply-
ing ordinary differential equations (ODEs) to exposed time series
data. Our hypothesis is that different stimuli will lead to different
dose-dependent perturbations of component nodes. For this, we
focused on perturbations to (orthologue) genes from the Nrf2 path-
way, which were then modelled using TG-GATEs sets (rat in vivo
repeated and single dose; rat in vitro and human in vitro) exposed
to compounds with different pathological outcomes after chronic
exposure in vivo: acetaminophen (APAP), carbon tetrachloride
(CCl4) and diazepam (DIZ). A clear separation of the perturba-
tion clusters following single and repeated exposure regimens
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was observed: single dose exposures reflected compound-specific
effects while repeated dose effects seemed to reflect pathology.
Genes such as G6pd, Abcc4 and Slc39a7 were identified as high-
ranked perturbations in APAP and CCl4; Nfe2l2 and Nqo1 were
correlated with increasing doses of APAP, while Ces1f and Tgfb1
were identified as dose-dependent targets of CCl4. Comparisons to
in vitro models revealed a different set of genes perturbed in vitro
but confirmed perturbations to Abcc4 in both human and rat mod-
els in APAP and CCl4, Nqo1 for APAP as well as genes from the Tgf
family for CCl4. Perturbations in vitro common to rat and human
included Cbr3 and Dnajb1 for APAP and Ptgr1 and Maff for CCl4.
None of these targets showed substantial perturbation across DIZ
doses. In conclusion, we provide a data-driven method to overcome
some limitations inherent to gene expression data interpretation,
i.e., the identification of perturbations and translatability to other
species.

https://doi.org/10.1016/j.toxlet.2018.06.930
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Nephrotoxicity is a relevant toxicological endpoint for new and
existing chemicals (pharmaceuticals, pesticides, cosmetics or other
classes of chemicals). Beyond the identification of nephron-toxicity
in new compounds, identification of the mode of action (MoA) gets
more and more relevant. Therefore, reliable and robust in vitro
methods are the preferred methods to reduce animal testing but
also to identify the toxicological modes of action. Metabolomics
in vitro in kidney cells is a novel approach that could enable the early
identification of nephrotoxicity and contribute to understanding
the mode of action.

Therefore, a robust system based on NRK-52e cells was estab-
lished (partly within the InnoSysTox Project “Risk-IT” founded by
BMBF, Germany) by cultivation of the cells on Lumox dishes (Sarst-
edt), treatment for 48 h and sensitive harvesting of the cells. Nine
different nephrotoxic compounds classified in three different mode
of actions (covalent protein binding, lysosomal overload and mito-
chondrial DNA-interaction) and caffeine acting as negative control
were applied to the system. Gentamycin-sulfate, belonging to the
MoA “lysosomale overload” was tested in several concentrations
and in several runs.

Principle component analysis (PCA) showed a clear dose
response relationship and demonstrated the high reproducibil-
ity of the data. Caffeine, which does not share any aspects of the
three different MoA of nephrotoxicity induced by the other refer-
ence compounds clustered nicely with the vehicle control (DMSO
0.5%). For all 9 compounds a separation of the clusters in the
PCA was shown compared to vehicle and negative control. Fur-
ther evaluation on a specific fingerprint per mode of action is
ongoing.

These observed differences in the in vitro metabolome in NRK-
52e cells of the 9 known nephrotoxic substances with three
different modes of action suggest that the metabolome analysis
could be a suitable tool for analysis of the mode of action of nephro-
toxicants. This method can support on one hand side the screening
process but can also contribute to identify and understand the

mode of action of nephrotoxicity and has thus the potential to be
applied for regulatory purposes.

https://doi.org/10.1016/j.toxlet.2018.06.931

P18-08
Global proteomic analysis of major metabolic
tissues from Wistar rats chronically exposed to
the contaminants bisphenol A and S

L.F. Azevedo 1,∗ , M.F.H. Carneiro 1, C.R.P. Dechandt 2, J.S. Cassoli 3,
L.C. Alberici 2, F. Barbosa Júnior 1

1 University of Sao Paulo, Department of Clinical Analysis, Toxicology
and Food Science, School of Pharmaceutical Sciences, Ribeirao Preto,
Brazil
2 University of Sao Paulo, Department of Physics and Chemistry,
School of Pharmaceutical Sciences, Ribeirao Preto, Brazil
3 Federal University of Tocantins, Faculty of Medicine, Palmas, Brazil

Exposure to the endocrine disruptors bisphenol A (BPA) and bisphe-
nol S (BPS) has been associated with development of metabolic
disorders, however the associated mechanisms are still not fully
understood. The present study aimed to evaluate protein expres-
sion changes by shotgun proteomics in liver and pancreas from
male Wistar rats chronically exposed to BPA or BPS in order to
identify possible metabolic pathways dysregulated by these com-
pounds. Rats were distributed in 3 groups (n = 6) and exposed to the
contaminants through drinking water for 20 weeks as follows: (I)
vehicle - 0.1% v/v ethanol, (II) BPA - approximately 50 �g/kg/day
of BPA and (III) BPS - approximately 50 �g/kg/day of BPS (eth-
ical approval n. 15.1.979.60.7). After sample preparation from
tissue lysates (in duplicates), proteomic analyses were performed
in a nanoUPLC tandem nanoESI-HDMSE platform by multiplexed
data independent acquisitions experiments. Proteins with mean
changes of 1.5-fold in normalized abundance between groups
were considered differentially expressed. No statistical difference
was observed in body weight gain. Hepatic proteins differentially
expressed in BPA and BPS exposed groups compared to control
group were mostly related to lipid metabolism and synthesis, with
downregulation of enzymes involved in fatty acid �-oxidation
(peroxisomal acyl-coenzyme A oxidase 2, 0.3-fold in BPA; perox-
isomal bifunctional enzyme, 0.2-fold in BPS) and upregulation of
triglycerides and cholesterol synthesis (glucokinase activity related
sequence 1, 1.8-fold in BPA and 2-fold in BPS; HMG-CoA synthase
cytoplasmic, 1.7-fold in BPS). In pancreas of BPA treated animals
compared to control, effectors proteins of MAPK pathway were
upregulated (Ras-related C3 botulinum toxin substrate 1, 2-fold;
serine/threonine-protein kinase PAK 1, 2.1-fold; MAPK-activated
protein kinase 2, 2.8-fold). Current studies are focused on assessing
what proteins in pancreas are affected by BPS exposure. In addi-
tion, BPA and BPS dysregulated expression of enzymes involved
with detoxification and of mitochondrial proteins in both tissues.
In summary, our studies shed light on potential pathways disrupted
by both BPA and BPS in tissues critically important for metabolic
homeostasis raising new concerns over the safety of BPA alterna-
tives.

https://doi.org/10.1016/j.toxlet.2018.06.932
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P18-09
Percellome toxicogenomics project: newly
designed repeated dose study

J. Kanno 1,2,∗ , S. Kitajima 2, R. Ono 2, K. Aisaki 2

1 Japan Bioassay Research Center, Japan Organization of
Occupational Health and Safety, Director, Hadano, Kanagawa, Japan
2 Division of Cellular and Molecular Toxicology, Biological Safety
Research Center, National Institute of Health Sciences, Kawasaki-ku,
Kawasaki Kanagawa, Japan

The Percellome Project aims at reinforcing and replacing the “safety
(uncertainty) factor” by comprehensively identifying the tran-
scriptomic networks induced by xenobiotics. “Percellome” method
was developed (BMC Genomics 7:64, 2006) to generate absolute
copy numbers of mRNAs in a “per one cell” basis. Data from the
Affymetrix MOE430 2.0 GeneChip are absolutized and visualized
in 3-D graphs (time × dose × copy number). Datasets of mouse
liver (4 time points × 4 dose levels, triplicate, 48 GeneChip data
per chemical/organ) on 140 chemicals are compiled. Here, we
report the progess on the newly designed repeated dose study
which is insipred by a single dose study on gene knockout mice;
wild type mice are repeatedly exposed to a chemical to create
a “chemically-induced transgenic state”. Then, a single dose of
a chemical was given and the liver was sampled at 2, 4, 8 and
24 h thereafter. Now we have data on CCl4, tributyltin, deet, clofi-
brate, valproic acid, acetaminophen, phenobarbital, thalidomide,
5-fluorouracil and acephate on single exposure and 4 repeat + single
exposure pairs. Repeated dose of CCl4 induced suppression of base-
line expression of genes related to ER stress and attenuated the
effect of chemicals given after CCl4. On the other hand, valproic
acid did not show such effect. Tributyltin and deet were similar
to CCl4, whereas, acetaminophen and phenobarbital were partly
similar to CCL4 but repeated dose had elevated the baseline with
increase in transient response as well. Thalidomide showed com-
plex response, suppresion of 2 h response and enhancement of 4
to 8 h response. 5-FU tends to show elevation of baseline with
increased transient response. Acephate was similar to valproic acid,
i.e. no effect of repeated dosing. It becomes clear that the relation
between baseline and transient responses are more complicated
in thoses chemicals. Basic epigenetic molecular mechanisms of
chronic toxicity will be discussed.

https://doi.org/10.1016/j.toxlet.2018.06.933

P18-10
Benzo[a]pyrene induced regulation of mRNA
translation and its impact on gene expression

E. Smit , F. Caiment, J. Piepers, J.C.S. Kleinjans,
T. van den Beucken ∗

Maastricht University, Toxicogenomics, Maastricht, Netherlands

Exposure to benzo[a]pyrene (BaP) induces profound changes in cell
phenotype that may contribute to an adverse outcome. These phe-
notypic changes are assumed to be mediated largely by changes
in gene expression, which occur through various mechanisms. One
of the key mechanisms is the transcriptional response driven by
transcription factors like AhR and p53. Nevertheless, BaP-induced
changes in gene expression may also be influenced by its effect
on protein synthesis. The goal of this study was to determine the
impact of regulating mRNA translation on gene expression changes
induced by BaP on a genome-wide scale. Primary mouse hepato-
cytes were exposed to 1 and 10 �M BaP for 1 and 24 h. At each
time point mRNAs were isolated using sucrose gradients to obtain
4 fractions with increasing translation rates. Next, RNA sequencing

was performed on these 4 fractions as well as on the total mRNA to
determine gene-specific changes in mRNA translation. From these
data we determined both transciptomics changes (mRNA abun-
dance) and translatomics changes (translated mRNA) after BaP
exposure. Surprisingly, 1 h exposure to 10 �M BaP only resulted
in differential gene expression for 4 genes due to changes in mRNA
abundance and for 6 genes due to differential translation. While
after 24 h exposure to BaP, 190 genes were altered with respect
to mRNA abundance (FDR < 0.05) and +2000 genes were differen-
tially translated. Based on this analysis we were able to distinguish
3 categories of genes; (i) genes with concordant changes in mRNA
abundance and mRNA translation, (ii) genes with altered mRNA
abundance only and (iii) genes with changes in mRNA translation
only. GO term analysis showed that genes in the “mRNA transla-
tion only” category were involved in specific biological processes
including: translation, apoptosis and oxidation-reduction process.
Genes from the “concordant” group were mainly associated with
BaP metabolism and anti-oxidant response. To test the robustness
of these findings we validated 3 genes from each category by means
of qPCR. All 9 genes tested revealed similar expression changes.
In conclusion, our data reveals that gene expression changes in
response to BaP occur more on the level of mRNA translational
than on the level of mRNA abundance, which adds new mechanistic
insights into the cellular response to BaP.

https://doi.org/10.1016/j.toxlet.2018.06.934

P18-11
Enabling high throughput transcriptomics
(HTTr) for mechanistic toxicology by tuning
dynamic range

H. Van Steenhouse ∗ , J. Yeakley, P. Shepard, J. McComb,
B. Seligmann

BioSpyder Technologies, Carlsbad, US

HTTr offers a powerful and sensitive method to molecularly char-
acterize biological responses to compound exposures in vitro or in
vivo. However, expression profiling by RNA-seq can be costly and
labor intensive in large-scale, statistically powered dose-response
studies. One limitation has been that highly expressed genes dom-
inate sequencing output, increasing costs and limiting detection
of low abundance RNAs that may obscure classifiers for response
mechanisms. Attempts to overcome this issue typically add cost
and effort. A better method would be to tune the dynamic range
to decrease the impactof highly abundant transcripts predictably
and quantitatively, thereby not influencing results and permitting
measurement of relative abundance of each gene and maximizing
sensitivity to changes in rare transcripts.

TempO-Seq
®

is a targeted expression profiling assay with NGS
readout, measuring content up to the whole transcriptome. Well
suited for HTTr, it does not require purification or cDNA synthesis
and runs as a simple add-only assay. To attenuate the impact of
abundant transcripts, non-assay oligos that compete for hybridiza-
tion of TempO-Seq Detector Oligos (DOs) were added to the assay at
known ratios. Assay sensitivity for measuring rare transcripts was
assessed across a range of attenuation from 0.5%–10% of probes
(29%–79% of total reads). Signal attenuation across this range
was linear, independent between probes, and could be accurately
back-calculated to unattenuated equivalents, whereas differential
expression fold changes and average percent CVs were unaffected.
Sequencing space was better utilized, resulting in 3-fold greater
read counts for each of the unattenuated transcripts at the highest
level of attenuation. Thus, when 40% of total reads were atten-
uated to half the maximum residual level, there was a saving of
42% of sequencing space, equivalent to ∼72% more samples being

https://doi.org/10.1016/j.toxlet.2018.06.933
https://doi.org/10.1016/j.toxlet.2018.06.934
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included in the same run. Selectively limiting the dynamic range of
TempO-Seq through attenuation of abundant transcripts increased
its sensitivity for rare transcripts and offers substantial benefit for
HTTr, enabling toxicologists (or other researchers, for example, in
drug discovery) to perform statistically powered studies.

https://doi.org/10.1016/j.toxlet.2018.06.935

P18-12
Gene-specific 5′-UTR methylation vs. promoter
methylation in leukocytes from workers
exposed to different levels of VOCs

O. Jiménez-Garza 1,∗ , A. Dávalos-Pérez 1, J. Alegría-Torres 2,
L. Ruiz-García 1

1 University of Guanajuato, Health Sciences Division, Leon, Mexico
2 University of Guanajuato, Exact Sciences Division, Guanajuato,
Mexico

As a result of exposure to toxic substances, different human and
animals cells have displayed either global DNA hypomethylation
or gene-specific hypermethylation. Specifically in occupational
volatile organic compound (VOC) exposure, we previously found
hypermethylation in TOP2A, SOD1 and TNF-a promoter area in
leukocytes from people exposed to a complex VOC mixture, while
participants exposed to a single VOC did not show any differences
compared to controls. The aim of this study was to analyze the
methylation pattern in the 5′-UTR region, considered for some
authors as an “internal/alternative promoter area” in people occu-
pationally exposed to a single VOC compared to VOC mixtures
exposure as well as a reference, non-exposed group. Methods: PCR-
pyrosequencing was performed in order to analyze methylation
status in CpG’s located at the 5′-UTR region of the TOP2A, SOD1,
IL6, TNF-a and CYP2E1 genes in leukocytes from Mexican workers
laboring at three different scenarios with VOC exposure compared
to a reference group. Results: 5′-UTR region from IL6 and TOP2A
genes showed hypomethylation for two populations exposed to
a VOC mixture, while TNF-a showed hypermethylation; methyla-
tion in the SOD1 gene did not show differences between groups.
DNA obtained from the reference group showed hypermethyla-
tion in the 5′-UTR region from the CYP2E1 gene compared to all
exposed subgroups. Conclusions: 5′-UTR region in certain genes is
more prone to undergo epigenetic modifications compared to pro-
moter area as a result of VOC exposure. 5′-UTR methylation status
must be considered in a near future as an early biomarker of effect
in human chemical toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.936

P18-13
In vitro toxicogenomic and proteomic
assessment of e-cigarette aerosol compared to
cigarette smoke

I. Verrastro ∗ , L. Haswell, S. Corke, A. Baxter, D. Thorne,
D. Breheny, E. Minet, M. Gaca

British American Tobacco, Southampton, UK

E-cigarette use has increased globally and could potentially offer
a lower risk alternative to cigarette smoking. Differential gene
and protein expression studies may offer perspectives for assess-
ing the reduced risk potential of e-cigarettes. In this study, we
compared the transcriptional and proteomic profile of primary 3D
human airway tissues (MucilAirTM) exposed to e-cigarette aerosols
or smoke from a scientific reference cigarette (3R4F), using an acute
exposure regimen. Transcriptomic analysis was conducted using

next-generation sequencing, and the functional profile of differ-
entially expressed RNAs was assessed using gene set enrichment
analysis. Using both a targeted and “shotgun” LC-MS proteomic
approach, we quantified proteins in the air-surface liquid (ASL)
collected from exposed MucilAirTM tissues relative to air control.
Using pFalse Discovery Rate (FDR) < 0.01 and fold change (FC) > 2,
873 and 205 differentially expressed RNAs were identified at 24 h
and 48 h post- 3R4F exposure, respectively. Using a looser thresh-
old of pFDR < 0.05 and FC > 2, only 3 differentially expressed RNAs
were identified with e-cigarette aerosol. Gene set enrichment anal-
ysis revealed a clear response from lung cancer, inflammation
and fibrosis-associated genes upon 3R4F exposure, and a low-
confidence response from metabolic/biosynthetic, extracellular
membrane, apoptosis and hypoxia genes upon e-cigarette expo-
sure, suggesting a reduced impact of e-cigarette acute exposure
on gene expression. Using a [FC] > 1.5 and p-value < 0.05 thresh-
old, for a selected panel of 21 ASL proteins, significant changes
were observed 24 h post- 3R4F exposure for 1 protein involved in
angiogenesis (ANGL3), and at 48 h post- 3R4F exposure for 2 pro-
teins involved in adaptive immune response at mucosal surfaces
(PIGR and MUC1), while no response was observed for e-cigarette
aerosol. Using a FC > 1.5 and p-value < 0.05 threshold, shotgun pro-
teomic analysis of ASL proteins revealed a strong change in protein
expression at both 24 h and 48 h post-3R4F exposure, while min-
imal changes were observed for e-cigarette aerosol, relative to air
controls. In conclusion, e-cigarette aerosol induced minimal pro-
tein and gene expression compared to a conventional cigarette after
acute exposure in vitro.

https://doi.org/10.1016/j.toxlet.2018.06.937
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P19-01
FDA SEND process streamlining and
implementation – CT-compatible simulated
study

T. Anzai 1,2,∗ , R. Aerni 2, M. Wasko 2, F. Mura 2, S.-I. Horikawa 3,
S.-I. Sato 3, Y. Murase 3, H. Hatakeyama 3

1 Showa University School of Medicine/PDS Life Science,
Hamamatsu-shi, Japan
2 PDS Lifesciences, Pratteln, Switzerland
3 Ina Research Inc., Nagano, Japan

The Standard for the Exchange of Nonclinical Data (SEND), adopted
by the US FDA, is part of a set of regulations and guidances requiring
the submission of standardized electronic study data for nonclin-
ical and clinical data submissions. Thus, non-US countries must
consider and develop approaches to SEND that meet their needs.

Since becoming the first Japanese CRO to make a successful trial
submission to the FDA in 2015, Ina Research (INA) has been pro-
active in educating the Japanese community regarding the steps
that led to this success, as well as the processes and precautions that
should be considered for those planning to incorporate SEND into
their research planning. During these sessions, INA has continued to
stress the importance of preparing for SEND in the early research
stages - preparing a study protocol in accordance with the most
recent guidelines and employing data collection methods that will
allow effective QC.

In light of the gradual standardization of SEND Controlled Ter-
minology (“CT”), INA has more recently conducted a simulated
CT-compliant study. In order to increase the rate at which termi-
nology used in the final report matched CT in a standard toxicology
study, INA investigated:

https://doi.org/10.1016/j.toxlet.2018.06.935
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(1) matters that needed consideration during the planning stages
(2) system issues that became obvious only when collecting mock

data in the same manner as a real study
(3) methods allowing quicker, more efficient SEND conversion.

Following this, INA also considered the visualization of SEND-
converted data, and how it may be better used in study
evaluation.

https://doi.org/10.1016/j.toxlet.2018.06.938

P19-02
European Food Safety Authority (EFSA) protocol
for the re-assessment of the safety for
consumers of Bisphenol A (BPA)

C. Croera 1,∗ , A.F. Castoldi 1, C. Putzu 1, F. Barizzone 2,
J. Cara Carmona 1, U. Gundert-Remy 3

1 European Food Safety Authority (EFSA), Food Ingredients and
Packaging (FIP) Unit, Parma, Italy
2 European Food Safety Authority (EFSA), Assessment and
Methodological support Unit (AMU), Parma, Italy
3 Charité Medical School Berlin, Institute for Clinical Pharmacology
and Toxicology, Berlin, Germany

To ensure a methodologically rigorous re-assessment of the Euro-
pean temporary Tolerable Daily Intake (TDI) for BPA of 4 �g/kg
bw per day set in 2015, EFSA has developed a protocol detailing
a priori the approach and methodology for performing the BPA
hazard identification and characterisation. The protocol defines
upfront the methods and criteria to be used for data collection,
study inclusion, evidence appraisal (internal and external validity)
and evidence integration (e.g. weight of evidence, confidence in
the body of evidence). Pre-defined criteria for evidence inclusion
(e.g. publication date after December 2012, any exposure route,
any toxicological endpoint, etc.) have been set. A full systematic
review approach will be applied to human and animal evidence
potentially suitable for deriving a TDI, whereas other types of evi-
dence, e.g. cross-sectional and toxicokinetic studies, will be dealt
with narratively. An appraisal tool adapted from the 2015 NTP-
OHAT Approach for Systematic Review and Evidence Integration
will be used to rate the internal validity of individual human or
animal studies, according to study design and endpoint. For the
external validity of animal studies (i.e. the relevance for humans of
measuring a given endpoint in a given animal) criteria taken from
the 2014 Science in Risk Assessment and Policy (SciRAP) tool will
be applied. Confidence ratings in the body of evidence for each end-
point will be translated into levels of evidence for a certain health
or no health effect, separately for humans and animals. These will
then be integrated into likelihoods of a health or no health effect.
For hazard characterisation, studies supporting likely effects of BPA
will undergo a BMD analysis to identify a suitable point of departure
for setting the TDI.

https://doi.org/10.1016/j.toxlet.2018.06.939

P19-03
Stereotactic surgeries and MRI-guided
Convection-Enhanced Delivery (CED) into the
striatum in cynomolgus macaques

J. Luft ∗ , A. von Keutz, F. Runge, T. Voß, S. Grote-Wessels, S. Korte

Covance Preclinical Services, Münster, Germany

Gene therapy is a promising area of drug development for a
number of diseases including neurological disorders. NHPs (M. fas-

cicularis) show high nucleotide sequence homology with humans
are used when test article cross-reactivity occurs. An IACUC-
approved toxicity study required bilateral administration of a
gadolinium labeled viral vector to 4 locations to the Striatum (Cau-
date nucleus + putamen) with temporarily implanted catheters.
MRI was used to calculate the trajectory and for surveillance of
test article delivery during convection-enhanced delivery.

24 NHPs were prepared for anesthesia: analgesia, induction
with ketamine/medetomidine, intubation, clipping, disinfection
and placement in a stereotactic frame. Isoflurane inhalation anes-
thesia for 6–8 h. Animals were transferred to the MRI for calculation
of position, angle and catheter depth, assuring that trajectory will
not cross blood vessels or ventricles.

Following transfer to the surgical suite, a stereotactic frame was
used to ensure correct placement of catheters based on the coordi-
nates determined by MRI. The skin was reclined from the skull and
holes were carefully drilled. Catheters were cut to specific length
and inserted along calculated trajectories to administer the viral
vector to 4 different locations into the Striatum. Catheters were
connected to infusion lines containing the gadolinium labeled test
article. Infusion (0.3 mL/h) was monitored in the MRI for 1.5 h to
verify correct administration into the Striatum. Animals were trans-
ferred back to surgical suite and catheters were explanted. Animals
recovered from anesthesia within 15–30 min and were treated with
analgesics and antibiotics. 2 animals presented laryngeal swelling
were treated with corticosteroids successfully. No animal showed
neurological abnormalities.

Conclusion: 96 catheters successfully implanted. Fast unevent-
ful recovery from the 6–8 h isoflurane anesthesia. Successful
intracranial administration to the Striatum utilizing CED.

https://doi.org/10.1016/j.toxlet.2018.06.940

P19-04
Application of a new biochip array platform to
the simultaneous screening of drugs of abuse in
urine and oral fluid in under 20 min

V. Anderson , S. Cardwell, D. Doone, J. Dicks, A. Speers, J. Darragh,
P. Vance, O. Dyttus ∗, M.L. Rodríguez, M.E. Benchikh,
R.I. McConnell, S.P. FitzGerald

Randox Toxicology Ltd, Crumlin, UK

Background: Biochip array technology enables multi-analytical
screening of drugs of abuse from a single sample in under 20 min
with the new biochip analyser Evidence MultiSTAT. This study
reports the analytical evaluation of this application to the simul-
taneous screening of drugs of abuse in urine (creatinine included)
and oral fluid.

Methods: Simultaneous competitive chemiluminescent
immunoassays on a biochip surface were applied to the fully
automated Evidence MultiSTAT analyser, which processes a
self-contained cartridge containing all the components required
for the assays. Sampling against a cut-off sample, the results are
qualitative.

Results: Drugs detected and cut-offs in urine and oral fluid
respectively: AB-PINACA [2.5 ng/mL (urine)], alpha-PVP (5 ng/mL,
2 ng/mL), amphetamine (200 ng/mL, 50 ng/mL), barbiturates
(200 ng/ml, 50 ng/mL), benzodiazepines (150 ng/mL, 10 ng/mL),
benzoylecgonine/cocaine (150 ng/mL, 20 ng/mL), buprenor-
phine [1 ng/mL (urine and oral fluid)], ETG [750 ng/mL (urine)],
fentanyl (2 ng/mL, 1 ng//mL), ketamine [50 ng/mL (oral fluid)],
JWH-018 (20 ng/mL, 5 ng/mL), LSD [1 ng/mL (oral fluid)], 6-
MAM (10 ng/mL, 2 ng/mL), methadone (300 ng/mL, 4 ng/mL), PCP
[5 ng/mL (oral fluid)], methamphetamine (200 ng/ml, 50 ng/mL),
opiate (200 ng/mL, 10 ng/mL), oxycodone (50 ng/mL, 8 ng/mL),

https://doi.org/10.1016/j.toxlet.2018.06.938
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THC (20 ng/mL, 2 ng/mL), tramadol (5 ng/mL, 4 ng/mL), UR-144
[10 ng/mL (urine and oral fluid)] and creatinine [20 mg/dL (urine)].

For both matrices, precision (+50% and −50% cut-off sam-
ples analyzed across 2 analyzers) and accuracy evaluation
showed percentage agreement values ≥90%. Percentage agreement
with LC/MS (urine): 100% (6-MAM, oxycodone), 97% (benzo-
diazepines, methadone, opiates), 93% (amphetamine, buprenor-
phine, methamphetamine, THC), 80% (benzoylecgonine/cocaine).
All samples screened positive for creatinine indicating that no
sample dilution had occurred. Percentage agreement with LC/MS
(oral fluid): 100% (10 analytes), 96% (methamphetamine, opiates)
and 93% (benzoylecgonine/cocaine). No positive samples found for
alpha-PVP, barbiturates, fentanyl, JWH-018, tramadol or UR-144.

Conclusion: Data indicate optimal analytical performance and
applicability of the Evidence MultiSTAT system to the simultaneous
screening of drugs of abuse in <20 minutes in urine and oral fluid.

https://doi.org/10.1016/j.toxlet.2018.06.941

P19-05
Toxicology Out of The Box - an overview of the
Lush Prize

R. Ram

The Lush Prize, Manchester, UK

The Lush Prize is pleased to attend and present at EUROTOX 2018.
This year’s theme of ‘Toxicology out of the Box’ aligns with the
mission of the Prize, which since its launch in 2012 has awarded
over D 2 million in bursaries for outstanding projects and achieve-
ments in the research, development and promotion of innovative
approaches in human relevant toxicology.

Current regulatory requirements for chemical safety testing in
the pharmaceutical, industrial and consumer product industries
are resource-intensive in terms of money, time and animal use.
The results are also of great concern with regard to their ability
to predict human safety and disease, resulting in both scientific
and ethical challenges. However, exciting advances in in vitro, in
chemico and in silico technologies have achieved considerable suc-
cess to date and provide irrefutable evidence for a future based on
high calibre, human relevant research.

Each year, Lush Prize funding of up to D 400,000 is available
across five categories; Science, Young Researchers, Training, Lob-
bying, and Public Awareness. There is also a special sixth category-
the Black Box Prize, which may award in any one year a further prize
of D 285,000 for breakthrough achievements in human-relevant
approaches. The first Black Box Prize was awarded in 2015 to sev-
eral organisations for their work on human in vitro methods linked
to the Adverse Outcome Pathway (AOP) for skin sensitisation.

The prize continues to fund innovative new research across,
Europe, Asia, USA and the rest of the world. It was established to
address an urgently needed shift towards more ‘fit for purpose’
human-relevant toxicity testing methods, in order to meet the
increasing demands of high throughput, chemical safety assess-
ment. The presentation will provide an overview of the Lush Prize
and showcase the success of over 90 researchers and organisations
funded to date. EUROTOX 2018 delegates are invited to attend and
also find out how their research could be eligible for prize nomina-
tion in 2019 and beyond.

https://doi.org/10.1016/j.toxlet.2018.06.942

P19-06 Retrospective histopathology evaluation
of respiratory tract tissues from two rat 90-day
OECD 413 inhalation studies: Tobacco Heating
System 2.2 versus Mentholated Tobacco Heating
System 2.2 compared with conventional and
mentholated reference cigarettes

A. Oviedo 1,∗ , P.F. Neves 3, E.T. Wong 2, C. Foong 2, G. Vuillaume 1,
D. Sciuscio 1, M.C. Peitsch 1, P. Vanscheeuwijck 1

1 Philip Morris Products S.A., Neuchatel, Switzerland
2 Philip Morris International Research Laboratories, Singapore,
Singapore
3 Philip Morris International Research Laboratories (former
employee), Singapore, Singapore

For this cross-study assessment, a single pathologist performed
a retrospective histopathological evaluation of respiratory tract
tissues collected from two sub-chronic 90-day OECD inhalation
studies in Sprague Dawley rats following Test Guideline 413, and
compared results obtained from two versions of the Tobacco Heat-
ing System (THS 2.2): THS 2.2 Regular and THS 2.2 Menthol (THS
2.2 M). Results obtained from effects of Reference Cigarettes (with
or without menthol) tested in the 2 studies were also compared.

Rats were exposed to: a) filtered air (sham), THS 2.2 Regular
(at 15, 23, and 50 �g nicotine/L) the 3R4F reference cigarette (at
8, 15, and 23 �g nicotine/L) in one study; and b) sham, THS 2.2 M
(at 15, 23, and 50 �g nicotine/L), 3R4F and two mentholated refer-
ence cigarettes (MRC), MRC low and MRC high menthol (at 23 �g
nicotine/L), in the other study. Respiratory tract tissues from each
group were evaluated microscopically using a severity grade score
and compared with each other.

Exposure to the smoke from reference products (MRCs and
3R4F) resulted in treatment-related adaptive and degenerative
findings in the nasal cavity, larynx, trachea, and lungs of rats. How-
ever, the severity of histopathological changes observed in the
respiratory tract of THS 2.2 and THS 2.2 M aerosol-exposed ani-
mals was significantly lower when compared with those observed
from exposure to reference cigarettes’ smoke (all concentrations).
Findings observed in THS 2.2-exposed groups (regular and mentho-
lated) included basal cell hyperplasia, squamous cell metaplasia,
goblet cell hyperplasia, decreased/loss of goblet cells, necrosis,
degeneration, increased pigmented macrophage, and goblet cell
metaplasia.

Similar test item-related findings were observed in the respira-
tory tract of THS 2.2 compared with THS 2.2 M groups but showed
few significant high-severity observations in THS 2.2M-exposed
animals, mainly at high concentration (50 �g nicotine/L). This sug-
gests increased toxicity of the test item when menthol was added
only at high concentration of nicotine.

Comparison of 3R4F-exposed groups showed consistent results
across studies. Similar pathological findings were observed when
comparing 3R4F to MRCs.

https://doi.org/10.1016/j.toxlet.2018.06.943
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P19-07
Di (2-ethylhexyl) adipate (DEHA): systemic
toxicity in rats following 28-day intravenous
exposure

H. Xu 1,∗ , B. Musi 2, Z. Wang 3, T. Zhou 3, Q. Huang 4, J. Liu 1, T. Li 1,
E. Koo 5

1 Baxter Healthcare Corporation, PreClinical, Suzhou, China
2 Baxter Healthcare Corporation, PreClinical, Lund, Sweden
3 WuXi AppTec (Suzhou) Co., Ltd, Suzhou, China
4 Baxter Qiaoguang Healthcare (Guangzhou) Co., Ltd, Guangzhou,
China
5 Baxter Healthcare Corporation, PreClinical, Roundlake, US

Background: Di (2-ethylhexyl) adipate (DEHA) is a plasticizer
(softner) and a potential alternative for di-2-ethylhexyl phthalate
(DEHP). Toxicity of DEHA has been studied mostly via oral expo-
sure. DEHA is used in various medical devices including equipment
for intravenous administration, but the toxicity of DEHA has not
been assessed after repeated intravenous exposure. The present
study shows the results of a systemic toxicity study in male and
female rats with intravenous administration of DEHA once daily
for 28 consecutive days. The reversibility, persistence, or delayed
occurrence of toxic effects following a 14-day recovery period were
also assessed.

Methods: The study was done according to ISO10993
Part 11 guidelines-under GLP conditions. Four groups of rats
(15/sex/group) each received either vehicle (10% lipid emulsion) or
DEHA in vehicle (100, 200, or 450 mg/kg/day). Criteria for evalua-
tion included viability (morbidity/mortality), clinical observations,
body weight, food consumption, clinical pathology (hematology,
serum chemistry, coagulation, urinalyses), gross (necropsy) evalu-
ation, organ weight and histopathological evaluation.

Results: There were no DEHA-related changes in all the end-
points evaluated at 100 or 200 mg/kg/day. At the 450 mg/kg/day
dose, DEHA-related findings included clinical observations (pros-
tration, salivation, abnormal gait, decreased activities, atonia post
bolus dose), increased liver weight in females associated with min-
imal hepatocellular hypertrophy, and decreased thymus weight
in males and females without histopathology findings. There
were no test article-related changes in hematology, coagulation,
serum chemistry, urinalysis, or gross findings at necropsy at
450 mg/kg/day.

Conclusion: The 200 mg/kg/day dose is considered to be the
No-Observed-Effect Level (NOEL) based on the results from this
study.

https://doi.org/10.1016/j.toxlet.2018.06.944

P19-08
Exposure data for baby wipe products

A. Nalin ∗ , C. Herbin

EUROFINS EVIC France, Safety and Regulatory Affairs – Cosmectic
Product Testing, Aix-en-Provence, France

Wipes are widely used cosmetic products. Among all available
choices, Baby Wipes is one of the most popular. In order to assess
the safety of use it is important to determine the quantity that will
remain on the skin after a single use. This is considered an estimate
of the exposure to the product. But, managing the exposure of baby
wipes is challenging, as there are no guidelines to provide support.
And multiple sources of daily amount applied data are available!

It is the responsibility of the safety assessor to choose the best
exposure value, that will guarantee the health of consumers, taking
into account the inter variability, and normal or foreseeable con-

ditions of use, while remaining realistic. Available studies showed
disparate exposure values. This review tries to address this issue by
referencing the different data sources and offers a choice encom-
passing maximum value from real life context. This will help to a
better harmonization between the safety assessors in choosing the
most relevant value.

https://doi.org/10.1016/j.toxlet.2018.06.945

P19-09
Updates to OECD guidance document 23:
aquatic toxicity testing of difficult substances
and mixtures

G. Stoddart 1,∗ , W. Hunter 2, M. Halder 4, E. Salinas 3,
C. Faßbender 1

1 PETA International Science Consortium Ltd., London, UK
2 U.S. Food and Drug Administration, Center for Veterinary Medicine,
Rockville, US
3 BASF SE, Experimental Ecotoxicology, Ludwigshafen, Germany
4 European Commission Joint Research Centre, Ispra, Italy

The Organisation for Economic Cooperation and Development
(OECD) Guidance Document (GD) on Aquatic Toxicity Testing of
Difficult Substances and Mixtures (GD 23) provides critical guid-
ance that supplements OECD Test Guidelines (TG) for studies
conducted for regulatory purposes. OECD GDs undergo periodic
review and updates due to scientific progress, changing regulatory
needs, and animal welfare considerations. The GD 23 was first pub-
lished in 2000 and recently updated to provide state-of-the-science
approaches for aquatic toxicity tests involving difficult-to-test
chemicals. This poster presentation provides an overview of the
updated GD 23, which is currently awaiting approval by the OECD,
including expansion of the guidance on testing of poorly water-
soluble test chemicals and substances of unknown or variable
composition, complex reaction products, and biological materials
(UVCBs). As part of the updates, particular attention was paid to
updating exposure methods that do not employ a solvent in order
to eliminate solvent effects and reduce the number of animals used
in aquatic toxicity tests (i.e. via eliminating the need for a solvent
control). The updated GD 23 is a useful tool to regulators, indus-
try, and contract research organisations to aid in conducting (or
reviewing) valid and reliable aquatic toxicity studies, while min-
imising both the number of animals used and the need to repeat
studies.

The views, conclusions and recommendations expressed in this
presentation are those of the authors and do not necessarily rep-
resent the policies or positions of the United States Food and
Drug Administration, the PETA International Science Consortium
Ltd., the International Council on Animal Protection in OECD pro-
grammes, the European Commission or the OECD.

https://doi.org/10.1016/j.toxlet.2018.06.946

P19-10
Follow-up on worthiness of LICl use in the rats’
diet

E.O. Sadykova ∗ , S.I. Shestakova, A.N. Timonin, M.D. Trebukh

Federal State Budgetary Scientific Institution “Federal Research
Centre of Nutrition, Biotechnology and Food Safety”, Moscow, Russia

This publication presents the results of research of Wistar rats’
morphofunctional parameters, which were exposed to diet (AIN-
93) with Lithium chloride (LiCl) in its composition (control group)
and LiCl free diet (test group). For the assessment of rats’ growth

https://doi.org/10.1016/j.toxlet.2018.06.944
https://doi.org/10.1016/j.toxlet.2018.06.945
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and development the integral parameters (body weight, internal
organs weight, white fat weight), hematological and biochemical
parameters were investigated.

The results of comparative assessment of LiCl influence on rats
revealed a number of statistically significant differences of some
parameters. Analysis of the differences allows us, with high level of
assurance, to link them to particular physiological and biochemical
processes: for instance decrease in spleen weight of experimental
group rats might’ve been caused by the decrease in content of blood
formed elements, mainly of erythrocytes, while concentration of
erythrocytes in blood of test group rats was significantly higher
than of control animals. The consequence of increase in concentra-
tion of erythrocytes in blood, as well as increase in haematocrit,
may be higher the oxygen consumption per body weight unit, pro-
vided that O2-binding ability of erythrocytes and O2-availability of
tissues were equal. The assumption regarding higher oxygen con-
sumption per body weight unit of test group rats was indirectly
confirmed by the increase in concentration of serum iron, which
is the central atom of many mono- and dioxygenases as well as of
mitochondrial cytochrome enzymes. High oxygen consumption, in
its turn, proves the high intensity of metabolic processes.

It was established that adding of LiCl into standard diet sig-
nificantly decreased metabolism intensity without the change of
structure of the processes themselves.

To sum up, the change of LiCl concentration in diet composi-
tion can be viewed as alimentary regulator of metabolic processes
intensity, and therefore, the necessity of its application should be
differentiated depending on experiment goals. For instance, adding
of LiCl into a diet appears to be justified in model experiments
for obesity study, metabolic syndrome study, dislipidemy study,
and is not justified in toxicological or reprotoxicological research,
alimentary factors impact study.

This work was supported by Russian Science Foundation grant
No. 16-16-00124.

https://doi.org/10.1016/j.toxlet.2018.06.947

P19-11
Comparison of organ weight (absolute and
relative to brain) in Wistar Han rats at different
ages

S.M. McPherson

WuxiApptecc, Toxicology, Suzhou, China

Organ weights are routinely assessed during the conduct of
toxicology studies. This study was conducted to see if there
were any differences in organ weight both relative and abso-
lute in Wistar Han rats at three different ages: 11–12, 20–21
and 33–34 weeks. Rats were sourced from BioLasco Taiwan.
The data sets were analyzed using graphs of organ weight to
body weight and organ weight to brain weights. The data was
further analyzed looking at the Y-intercepts, slopes, correla-
tion coefficient (r) and coefficient of determination (r2). The
results of the analysis showed:. Organs with Highest Relative
Growth Rates in Absolute Weights in Males and/or Females: Thy-
roid > Liver > Heart > Kidneys > Lungs > Spleen > Pituitary. Growth
rates were similar in both males and females for the heart, kid-
neys, lungs and spleens but greater in the males for the thyroid,
liver and pituitary. Organs with the highest correlation to body
weight: Liver > Heart > Kidneys > Lung > Thyroid > Spleen. Corre-
lations to brain weight were generally low and in the order of:
Lung > Heart > Liver > Kidney > Spleen > Thyroid > Pituitary. Organs
with Decreases in Relative Growth Rates in Absolute Weights in
Males and/or Females: Thymus > Adrenal Glands. Correlations to
body weight were low and in the same order. There was practically

no correlation to brain weight. Males Organs with Highest Relative
Growth Rates in Absolute Weights: Prostate > Epididymus > Testes.
Male organs with the highest correlation to body weight and brain
weight: Epididymus > Prostate > Testes. Female Organs with High-
est Relative Growth Rates in Absolute Weights: Uterus > Ovaries.
The uterus and ovaries were poorly correlated to body weight and
brain weight.

These background data collected from this study can serve as a
tool to help the toxicologist evaluate study data and put potential
findings in context when compared to both the concurrent controls
and these data sets.

https://doi.org/10.1016/j.toxlet.2018.06.948

P19-12
My family and other animals: comparative
requirements for human and animal
metabolism studies

A. McEwen

Fera Science Limited, Chemical Safety, York, UK

There is an ever increasing requirement to provide high quality
metabolism data to meet the regulatory challenges in both pharma-
ceutical (pre-clinical and clinical) and environmental fate studies
(ADME, e-fate and dietary). The gold standard study uses radio-
labelled test compound, but the samples taken for analysis often
contain very low levels of radioactivity.

Preliminary data on the nature of metabolites are often obtained
during the discovery phase of compound development. The data
obtained is often semi-quantitative in nature, relying on mass spec-
trometer (MS) response factors. For the data generated during the
critical phases of development to be useful, accurate methods of
metabolite quantification are required. Structural analysis can be
performed using MS or in some cases NMR. By linking the struc-
tural data to the chromatographic profiles, a metabolism pathway
can be elucidated on a quantitative level.

In pharmaceutical development the key matrix for structural
elucidation and quantification of metabolites is the plasma, whilst
for agrochemicals and veterinary products it is the tissues.

The talk will focus on the similarities and differences between
human and livestock ADME studies, look at the study objectives
and discuss typical detection limits encountered. There will also be
a review on recent developments that improve the limit of quan-
tification for High Performance Liquid Chromatography (HPLC) and
Thin Layer Chromatography (TLC). Measurements that can provide
added value to the experiment.

The talk will provide examples from ADME, dietary and e-fate
studies. The techniques discussed will include tissue distribution,
2D-TLC, HPLC with online detection and multiwell microplate scin-
tillation counting. Advantages and disadvantages of the different
methods will also be included.

https://doi.org/10.1016/j.toxlet.2018.06.949

P19-13
Reviewing the use of two species in toxicology
studies supporting drug development

H. Prior 1,∗ , N. Gellatly 1, F. Sewell 1, I. Kimber 2

1 NC3Rs, London, UK
2 University of Manchester, Faculty of Biology, Medicine and Health,
Manchester, UK

The NC3Rs and the Association of the British Pharmaceutical Indus-
try (ABPI) are collaborating to review the utility of two species in
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regulatory toxicology studies. The purpose is to explore circum-
stances when data from a single species could be sufficient to
enable safe progression in humans, for a broader range of molecule
types than currently accepted. An international working group
of 37 representatives from pharmaceutical/biotechnology compa-
nies, contract research organisations, consultants, academia and
regulatory bodies is reviewing information gathered via a data shar-
ing exercise completed in 2017, to examine if there are options to
reduce the number of species used for toxicology studies at differ-
ent stages of development.

Blinded data from 18 organisations were collected, for 92 small
molecules, 46 monoclonal antibodies (mAbs), 15 recombinant
proteins, 13 synthetic peptides and 6 antibody-drug conjugates
(ADCs); 114 compounds were in active development whilst
58 had stopped. Compounds covered a wide range of ther-
apy areas (including oncology: 45; central nervous system: 27;
immunomodulatory (anti-inflammatory): 27) and had progressed
to pre-First-in-Human (FIH) studies (32), FIH package (93) or post-
FIH longer-term studies (47).

Two species were used by 89 small molecules, 14 mAbs, 12
recombinant proteins, 13 synthetic peptides and 5 ADCs. If used,
the non-rodent was dog (59, 0, 2, 7 and 0 compounds respectively),
non-human primate (29, 14, 10, 6 and 5 compounds respectively)
or minipig (1 small molecule). Only 2 ADCs and 5 mAbs (all fol-
lowing ICHS6 guidelines) and 1 small molecule (following ICHM3
guidelines) reduced to a single species during the package. All other
compounds retained use of two species: 94 followed ICHM3 or
ICHS9 guidelines whilst 31 followed ICHS6 guidelines (including
11 compounds at post-FIH stage).

Further analysis is ongoing to investigate the value of data gen-
erated in two species, particularly for the post-FIH compounds.
Understanding the differences or similarities in toxicities between
species may highlight reasons for the low adoption of existing
opportunities (single species chronic studies) by biologicals and
may provide evidence to expand these principles to a wider range
of molecule types (e.g. small molecules) or therapeutic areas (e.g.
oncology).

https://doi.org/10.1016/j.toxlet.2018.06.950

P19-14
An overview of popular (Q)SAR packages for
regulatory purposes: an agrobusiness point of
view

B.E.S. Calçada ∗ , P.V.B. Dias, C.S.R. Sousa

Ascenza Agro SA, Physical-Chemical Department, Setúbal, Portugal

(Q)SAR - (Quantitative) Structure-Activity Relationship - models
are an important tool for the qualitative or quantitative prediction
of physicochemical, toxicological, and ecotoxicological properties
of compounds based on the knowledge of their chemical structure
[1]. These models are being developed and improved in a regular
basis and are specially relevant for agrochemical compounds [1]
since they could be used not only for screening purposes, but also,
if sufficient and based in a weight of evidence (WoE) approach, as
substituents of in vitro and/or in vivo studies, thus contributing to
an higher implementation of the 3Rs policy (Refinement, Reduction
and Replacement).

Herein, we present a comparative study of the predictive capa-
bility of popular (Q)SAR packages in the context of agrobusiness.
Two computational software were used: the expert-based software
Derek Nexus

®
[2] and the statistical software OECD (Q)SAR Tool-

box [3]. For a collection of relevant compounds, (eco)toxicity was
predicted recurring to all the models available in the software for
a variable group of general endpoints (e. g. Carcinogenicity, Muta-

genicity and Aquatic toxicity). A comparison with their respective
official classification and evaluation by authorities (e. g. EFSA and
ECHA), thus assessing the predictive power of the software, will
be presented and discussed. We will also present relevant outliers,
trying to rationalize the reasons that led the software to give an
erroneous prediction.
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Use of recovery animals for human safety
assessment across the pharmaceutical
development package

F. Sewell ∗ , N. Gellatly, H. Prior
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Animals in Research (NC3Rs), Gibbs Building, London, UK

As part of the NC3Rs/ABPI (Association of the British Pharmaceuti-
cal Industry) initiative to review the use of two species in regulatory
toxicology packages, an international expert group (represent-
ing 37 pharmaceutical/biotechnology companies, contract research
organisations and regulatory bodies) has analysed the dataset to
examine current approaches to the inclusion of recovery animal
groups. It is a regulatory requirement to assess recovery at some
point during drug development, to assess whether effects observed
persist or reverse once treatment ends. However, it is not stipulated
how, where or when recovery animals should be included (if at all).
In 2014, it was recommended that inclusion later in development
be considered, once more information on toxicity is available [1].

Data was available for 62 small molecules and 37 monoclonal
antibodies (mAbs) with studies conducted to support First-in-
Human (FIH) and later phase clinical trials. For FIH packages, 41/62
small molecules included recovery in at least one study, usually in
two species. However, 21 compounds did not include recovery in
any FIH study. This is a higher proportion than in the 2014 dataset
(34 v. 23%). For mAbs, 29/37 included recovery in studies to sup-
port FIH, usually in one non-rodent species. 8 compounds did not
include recovery in any study (22 v. 11% in 2014). When recov-
ery was included, reduced study designs used fewer animals via
fewer dose groups, with cases of high dose only (no control) and/or
assessment in a single sex.

For a subset of compounds (22 small molecules and 13 mAbs)
there was information on additional studies to support post-FIH
packages. Variable approaches were adopted for small molecules:
most included recovery in almost all studies, for both FIH and post-
FIH studies (9 compounds). However, some included recovery in
FIH (6 compounds) or post-FIH studies only (4 compounds), and 3
compounds did not include recovery in any study. For the 13 mAbs,
recovery animals were always included: 10 compounds included
recovery in both FIH and post-FIH studies, whilst others included
recovery in FIH studies (2 compounds) and post-FIH studies only
(1 compound).

Industry is moving towards a more case-by-case approach,
however there remain opportunities to expand uptake of the pre-
vious recommendations, and reduce the use of recovery animals

https://doi.org/10.1016/j.toxlet.2018.06.950
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across the wider drug development pathway without impacting
on human safety.
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Probabilistic risk of decreased levels of
triiodothyronine following chronic exposure to
PFOS and PFHxS
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High concentrations of perfluoroalkyls (PFASs) have been found in
drinking water in areas with extensive use of firefighting foams.
We performed an integrated probabilistic risk assessment analysis
correlating the serum levels measured in humans from a munic-
ipality with drinking water PFAS contamination with data from a
subchronic study in monkeys exposed to PFOS. The critical effect
size was set to a 10% decrease in triiodothyronine (T3) levels.

The study populations was participants from a biomonitoring
study in Ronneby, Sweden, a municipality where 1/3 of the house-
holds for decades had municipal drinking water with very high
levels of perfluorooctanesulfonic acid (PFOS), perfluorohexane sul-
fonic acid (PFHxS) and to a lesser degree perfluorooctanoic acid
(PFOA). All participants aged 3 and above, who were living in the
exposed water district in Dec 2013 when clean water was provided,
were included (n = 1845).

Serum levels (5th and 95th percentiles) were between
63–830 ng/mL for PFOS, and 45–790 ng/mL for PFHxS. A bench-
mark dose analysis was employed to describe the dose-effect
relationship for decreasing total T3 hormone levels in Cynomolgus
monkeys. Extrapolation distributions were employed to estimate
the human benchmark dose for the same effect, and to divide it with
the human internal exposure data. By using uncertainty distribu-
tions recommended by the WHO for the different extrapolation
factors, we estimated a median probability of critical exposure
(PoCE) of 2.11% (i.e. 2,100 per 100,000) for a 10% T3 decrease
following a combined exposure to PFOS and PFHxS. For PFOS expo-
sure only, the estimated PoCE was 0.95% (i.e. 950 per 100,000).
Among the sources of uncertainty, extrapolation from subchronic
to chronic exposure and intraspecies toxicodynamics variability
were the greatest contributors.

To our knowledge, this is the first risk assessment analysis com-
bining benchmark dose-modelling, uncertainty distributions and
potential T3 decrease following PFASs exposure in drinking water.
This study exemplifies the use of probabilistic assessment as a tool
for risk assessment and risk management support in relation to
exposure of PFASs in the general population. Ongoing biomonitor-
ing studies in a larger population from the area, exploring free T3,
free T4 and TSH responses in relation to exposure, will allow for
comparisons.

https://doi.org/10.1016/j.toxlet.2018.06.953
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Toxicity evaluation of flavored e-CIG condensed
aerosols on in vitro models of the lung
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Since 2016, EU countries transposed directive 40/2014/UE and
Tobacco Product Directive (TPD) became effective for the first time
about vaping products. Through TPD, member states ask the man-
ufacturers/importers to notify vaping products and declare them
as safe for human consumption. Therefore, market demands for
fast and efficient toxicity screening systems, able to test copious
references and to discriminate the effects according to the differ-
ent ingredients. The present study aims to contribute in this field
by testing the effects of condensed aerosols (CAs) from different
main e-liquid categories (tobacco, fruity, creamy, mentholate) and
investigating the mechanisms of toxicity. The commercial e-liquids
tested had the same PG:VG composition (50:40) and varied only
in term of concentrated flavored blends (4–6%). A vaping machine
equipped with an aerosol condensing trap was connected to a flask
containing 25 mL of cell culture medium. Puff regime was set to
55 mL puff volume, 3s draw, 60s puff interval and 200 puffs. A549
lung cells were used to test cell viability and interleukin-8 (IL-8)
release after 24 h exposure to CAs at increasing doses. Data were
compared to conventional cigarette smoke extracts. The mode of
action of the different CAs on lung cells was also investigated
through Hoechst/PI staining, ROS detection, cell morphology and
cell cycle analysis. Furthermore, the effects were evaluated on an
in vitro model of the air-blood barrier (ABB) composed by a 3D co-
culture of epithelial and endothelial cells, where barrier integrity,
cell viability and IL-8 release were assessed. Data show that only
few flavors affected cell viability at the highest doses, while most of
the flavors induced a dose-dependent decrease of IL-8 release. Spe-
cific flavors with a cytotoxic profile induced ROS production, cell
cycle alteration and necrotic cell death. Data from the ABB model
evidenced that in a complex system the effects are significantly mit-
igated. These results suggest that more efforts should be dedicated
to the study of e-CIG mechanisms of toxicity, but at the same time
point out that multiple assays with different in vitro models are
able to discriminate the acute inhalation toxicity of CAs from dif-
ferent flavored e-liquids, providing useful tools for the preliminary
screening of marketable products.

Acknowledgements: Authors wish to thanks FlavourArt Srl for
supporting the study.
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High sensitivity assays to identify pro or antithrombotic effects are
critical in preclinical safety testing considering the life-threatening
consequences of drug-induced thrombosis or hemorrhage. This
study evaluated the sensitivity of a global coagulation assessment
platform, to detect alterations in platelet response, clot formation
and thrombus lysis ex vivo. Blood was obtained from Cynomol-
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gus monkey and human normal volunteers. Rising concentrations
or inhibitors, such as heparin and acetylsalicylic acid, and platelet
activator, such as collagen, were added to the blood samples, ex
vivo. Viscoelastic properties of the clot formation were assessed
by thromboelastometry (ROTEM(

®
, for 1.5 h after recalcification

of citrated whole blood with calcium chloride (Star-tem reagent).
Platelet response in whole blood decreases abruptly after 2 h post
collection. In Cynomolgus monkeys, mean coagulation time (CT)
increased by 17%, two hours post collection while clot formation
time (CFT) increased by 51% and maximum clot firmness (MCF)
decreased by 9% in the same interval. The results after 4 h were
similar to those at 2 h. Because of the inter-individual variations
observed, the results were presented as the % of change from an
untreated baseline, which was the value obtained without any ago-
nist or inhibitor. With this approach, inter-individual variations
were significantly reduced. With rising collagen concentrations
(0 ug/mL, 1 ug/mL, 2 ug/mL, 5 ug/mL), the CT was shortened by 23%,
31% and 36% with collagen concentrations of 1, 2 and 5 ug/mL,
respectively. Signs of saturation were observed at higher colla-
gen concentrations. Collagen had no significant impact on the CFT
and the MCF. As expected, heparin at pharmacologically relevant
concentrations completely inhibited clot formation at concentra-
tions of 1 units/mL or above. However, at a lower concentration
of 0.1 units/mL, CT was extended by 148%, CFT was prolonged
by 454% while MCF was reduced by 32%. As previously reported,
acetylsalicylic acid (0.1 mg/mL, 1 mg/mL, 10 mg/mL) did not signif-
icantly affect rotational thromboelastometry. This study reports ex
vivo platelet response characterization using rotational thromboe-
lastometry as a strategy for pharmacological evaluations of drug
effects using non-human primates and human blood.

https://doi.org/10.1016/j.toxlet.2018.06.955
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Can we do better with paracetamol poisoning in
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cost of management of paracetamol poisoning
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Purpose: There has been a significant increase in paracetamol
poisoning in Sri Lanka. Cost of management of paracetamol poi-
soning exceeds all other poisonings. There is a variable adherence
to ideal management prescribed by National Management Guide-
lines (NMG) leading to unnecessary and costly transfers to larger
hospitals. The objective of the study was to compare actual costs
incurred with that of the ideal cost that should have been spent in
the management of paracetamol poisoning in rural Sri Lanka.

Method: We prepared models of actual costs incurred and the
ideal cost that should have been spent. Data was extracted from two
observational studies in two large districts, Kurunegala and Matara
of Sri Lanka in 2011 and 2017. The actual model was developed

using the following costs: cost for a hospital bed day; cost for health
care personals; cost of transfers to tertiary care hospitals and cost
of antidotes. We then developed an ideal model where all patients
were considered to have been managed according to the NMG. We
factored in the impact of changes of antidotes prices to the models
to decide if changes of pricing have an impact on the model.

Results: There were 2670 and 459 paracetamol poisoning
admissions in Kurunegala and Matara districts respectively. Actual
per patient cost was $134 (in 2011) and $123 (in 2017) while ideal
cost was $47 (in 2011) and $50 (in 2017). Had the NMG been fol-
lowed a total of $181,816 could have been saved in 2011. Despite
the reduction of prices of NAC in 2017, the savings would still have
been $151,535. The main reason for the increased actual cost was
hospital bed cost associated with intravenous N- acetylcysteine
(NAC) administration which remained constant throughout. Addi-
tional costs were spent on unnecessary transfers to larger hospitals
for intravenous NAC administration.

These costs could be reduced by regulating the delivery of care
in the rural hospitals. Adherence to NMG would increase the use
of shorter duration oral methionine instead of the longer duration
intravenous NAC and thereby reduce hospital bed costs. Regulation
to encourage antidote stocking in rural hospitals will further reduce
costs associated with transfers.

https://doi.org/10.1016/j.toxlet.2018.06.956
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DNA microarray analysis on characteristics of
hepatocyte-like cells derived from human iPS
cells for the application to the cell based drug
safety tests

S. Ishida ∗ , S. Horiuchi, Y. kuroda, R. Fujii, S.-R. Kim, Y. Kanda

National Institute of Health Sciences, Division of Pharmacology,
Kawasaki, Japan

Purpose: In in vitro test for safety evaluation of drug candidates
at the early stage of drug development, the human primary/cryo-
preserved hepatocytes are mainly used. However, there are
drawbacks to overcome, such as the differences between lots based
on the individual donor variations or limited supply of each lot.
To circumvent these points, hepatocyte-like cells derived from
human iPS cells (hiPSC-hep) are expected as an alternative cell
source. In this study, liver-like characteristics of hiPSC-hep were
compared with cryo-preserved hepatocytes (cryo-hep), as well as
human liver cancer cells (HepG2) and hepatocytes derived from
liver-humanized mice (PXB-cells), to evaluate their potential of
application to cell based drug safety tests.

Methods: Genopal focused DNA microarray (Mitsubishi Chem-
ical. Co., Ltd., Tokyo, Japan), which is customized to measure 183
liver-related gene expressions, was used for analysis of liver-like
characteristics of hiPSC-hep. Liver-related gene expressions were
measured in hiPSC-hep obtained from three vendors (Vendor A, B
and C), cryo-hep, PXB-cells, and HepG2 by Genopal. Principal Com-
ponent Analysis (PCA) and hierarchical clustering were performed
using gene expression data. Additionally, functional characteristics
enriched in each gene cluster were analyzed.

Results: When the gene expression patterns of hiPSC-hep, cryo-
hep, HepG2, and PXB-cells were compared by PCA, the group of
cryo-hep and PXB-cells and the group of hiPSC-hep and HepG2
were separated by principal component 1. In addition, the group
of cryo-hep and PXB-cells and the group of hiPSC-hep and HepG2
were separated in hierarchical clustering. Genes related to phase
I drug metabolism enzymes and drug transporters were signifi-
cantly enriched in the cluster of genes whose expressions were
lower in hiPSC-hep than in cryo-hep and PXB-cells. These indi-
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cated the immature characteristics of hiPSC-hep. However, genes
related to phase II drug-metabolizing enzymes and those related
to metabolism of lipid, carbohydrate and amino acid were signif-
icantly enriched in the cluster of genes whose expressions were
high in hiPSC-hep from vendor C. These results suggest that a part
of hiPSC-hep functions is close to those required for cell based drug
safety tests.

https://doi.org/10.1016/j.toxlet.2018.06.957
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REACH Regulation (EC 1907/2006) asks for a complete registration
dossier for all substances marketed in the EU in quantity above
1 t/y. This registration dossier contains toxicological information
with increasing complexity in relation to the yearly tonnage band
of the registered substance. Since 2007, EU Companies have regis-
tered more than 18,000 substances to ECHA, the European Chemical
Agency.

Skin sensitization endpoint is considered fundamental to guar-
antee safety of both workers and consumers and the assessment is
mandatory for all substances, excluding only intermediates used in
low quantities and under strictly controlled conditions.

Annex VII of REACH contains provisions about how to assess
skin sensitisation in the registration dossier. When the regulation
was published, the suggested test was the in vivo method LLNA
(Local Lymph Node Assay) according to OECD TG 429 or 442a-b.
In the following years, some in vitro methods were successfully
validated and in 2016 the REACH Regulation was amended and
now Annex VII asks to test in vitro first, following the Adverse Out-
come Pathway described in OECD 168a-b with correspondent OECD
TGs. The ECHA endpoint specific guidance on Information Require-
ments (R7a) contains detailed instruction on how to apply the new
strategy.

In spite of the many available guidance documents, REACH
registrants have to cope with the uncertainty of using a new
approach and CROs (Contract Research Laboratories) are over-
loaded of requests on methods for which they still have little
experience.

Through the activity of a consultancy company, there was the
possibility to assess many test reports about skin sensitisation eval-
uation for REACH purposes and understanding the difficulties of the
companies in applying in vitro methodologies. The analysis of the
final results allowed the definition of some statistics about how to
use the guidance defined approach, the costs, the quality of dif-
ferent CROs and the examples when the in vitro strategy was not
applicable. In few cases, non standard methods were also success-
fully applied in a weight of evidence approach, according to the
provisions of REACH Annex XI and including epidemiological data.

Acknowledgment of the hurdles in applying new approach
methodologies is fundamental in improving acceptability and
implementation of in vitro methods.

https://doi.org/10.1016/j.toxlet.2018.06.958
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Selective evaluation of potentially carcinogenic
polycyclic aromatics in mineral oil by the DMSO
based IP346 method

J.C. Carrillo ∗ , P.J. Boogaard
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Mineral oils are produced by vacuum distillation of petroleum at
temperatures of ∼300 ◦C–∼600 ◦C. Refining processes to eliminate
the carcinogenic potential of mineral oils (by extraction and/or
hydrotreatment) are based on the principle of removing substances
associated with carcinogenic activity; i.e. PAC (polycyclic aromatic
compounds), which include PAH and N or S heterocycles. Tradi-
tionally, the refined product was tested in the mouse skin painting
carcinogenicity assay. This bioassay is considered the golden stan-
dard to study the process of carcinogenesis and its relevance to
humans since it uses the most sensitive species and route of expo-
sure. Mouse skin painting studies have also been important in
understanding the toxicity of two types of aromatic compounds
which are in recent literature lumped together as ‘mineral oil aro-
matic hydrocarbons’ or MOAH. The first type includes the 3–7 ring
PAC associated with potential carcinogenic effects that may be
found in the 340–535 ◦C boiling range. The second type, includes
highly alkylated aromatic compounds (predominantly 1–2 rings)
which are not bioactivated and non-carcinogenic. Because mouse
skin painting tests take too long, an alternative method was devel-
oped which is based on several common features of PAC’s. This
method, known as IP346 is capable to distinguish the two types
of MOAH, and is validated against a large data base of mouse skin
painting studies. It is the only existing analytical method with bio-
logical significance and currently the EU legal regulatory standard
to assess carcinogenicity of mineral oil. These chemical and biolog-
ical features of PAC structures assessed by IP346 are presented and
discussed in detail, especially the crucial role of the DMSO extrac-
tion step which allows to discriminate between the two types of
MOAH. This selectivity is based on boiling point, molecular weight,
carbon chain length, content of heterocycles; all of which are dic-
tated by refining conditions. Thus, the DMSO based IP346 is a clear
reflection of refinement efficacy by linking manufacturing condi-
tions and biological activity of an oil. In conclusion, for the accurate
interpretation of MOAH, the basics of mineral oil refining, the toxi-
cological data base and the historical developments that led to the
establishment of IP346 must be properly understood.

https://doi.org/10.1016/j.toxlet.2018.06.959
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Guidance for synthesising epidemiology
evidence for the UK Committee on Toxicity
(COT) and on Carcinogenicity (COC) of chemicals
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D. Gott 1,∗,a , A. Hansell 1,2,a, C. Potter 1,a
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The UK Committee on Toxicity (COT) and on Carcinogenicity (COC)
regularly review epidemiological evidence in their risk assess-
ments. However, there was a need for guidance on the approaches
used, in part to ensure public transparency. To that end, the

a All authors contributed equally to the work.
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committees established the Synthesising Epidemiology Evidence
Subgroup (SEES) to review and document current practice, and
make recommendations for COT/COC guidance.

Systematic review and meta-analysis are gold standard meth-
ods for combining epidemiological studies, but may not always be
feasible for COT/COC, because of time and resource constraints.

Epidemiological reviews by COT/COC in the last 10 years were
identified and reviewed. They covered a wide range of topics and
used a variety of methods of review. This review was invalu-
able in developing guidance that would meet the needs of the
committees.

SEES considered the following evidence synthesis method-
ologies and tools, to help draw up guidance. The Cochrane
collaboration, GRADE (Grading of Recommendations Assessment
Development and Evaluation) and SIGN (the Scottish Intercolle-
giate Guidelines Network).

The National Toxicology Program (NTP)-OHAT (Office of Health
Assessment and translation), NTP-Report on Carcinogens and US
Environment Protection Agency Integrated Risk Information Sys-
tem (EPA-IRIS).

The Navigation Guide.
For systematic reviews and meta-analysis, SEES recommended

use of the MOOSE and PRISMA guidance. Quality assessment
of studies was considered integral to review. SEES considered
that if a numerical scoring tool is used, it should (i) aid narra-
tive assessment, and (ii) help direct sensitivity analyses. Specific
issues related to quantitative risk assessment and meta-analysis
were identified, particularly study heterogeneity. Documentation
of uncertainty and potential conflict of interests was considered
important.

SEES prepared a report/guidance, which has been accepted by
the COT and COC. It will be trialled by the COT for 2 years under
review, along with a COT/COC checklist for meta-analyses and sys-
tematic reviews, based on MOOSE.

Acknowledgements: D. Bodey, A. Boobis, J. Cade, D. Lovell, N.
Pearce, J. Peto, L. Rushton, H. Walton, D. Benford, L. Williams, B.
Gadeberg and F. Pollitt.
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Hopoxia-cultured Human Umbilical Cord Blood-Derived Mes-
enchymal Stem Cells (HC-hUCB-MSCs) was known to enrich the
phosphorylation in the anti-apoptosis pathway and the secretion
of several angiogenic proteins from cells and leading to allevi-
ate the ischemic injury of hindlimb of mice. Recently, the more
interest in stem cell therapy has increased, the more its safety
is emphasized. The aim of this study was to evaluate the safety
of HC-hUCB-MSCs for the subchronic toxicity and tumorigenicity.
We injected the HC-hUCB-MSCs at the dosage of 2 × 105, 1 × 106,
5 × 106 cells/mouse by single-dose intramuscular administration.
In the 13-week subchronic study, no significant HC-hUCB-MSCs-
related changes (body weight, food/water consumption, clinical
symptom, urinalysis, hematology, clinical chemistry, organ weight,
and histopathology) were observed. In a 26-week tumorigenic-

ity study, no mice developed tumor related to HC-hUCB-MSCs
transplantation up to 5 × 106 cells/mouse. There was no systemic
toxicity or neoplastic finding either. These results suggest that
Hypoxia-cultured hUC-MSCs have great potential for future clinical
treatment of various disorder.

https://doi.org/10.1016/j.toxlet.2018.06.961

P19-25
Introducing WikiPathways to link molecular
pathways to adverse outcome pathways to
support regulatory risk assessment

M. Martens 1,∗ , E. Willighagen 1, P. Nymark 3,4, R. Grafström 3,4,
L.D. Burgoon 7, H.T. Aladjov 5, F. Torres Andón 6, C.T. Evelo 1,2

1 Maastricht University, Bioinformatics - BiGCaT, Maastricht,
Netherlands
2 Maastricht University, Maastricht Centre for Systems Biology
(MaCSBio), Maastricht, Netherlands
3 Karolinska Institutet, Institute of Environmental Medicine, Solna,
Sweden
4 Misvik Biology Ltd, Toxicology, Turku, Finland
5 Organization for Economic Co-operation and Development,
Environment Directorate, Paris, France
6 Clinical and Research Institute Humanitas, Laboratory of Cellular
Immonology, Milano, Italy
7 Engineer Research and Development Center, Environmental
Laboratory, Vicksburg, US

In the last decade, omics-based approaches such as transcrip-
tomics, proteomics and metabolomics have become valuable tools
in toxicological research, and are finding their way into regula-
tory toxicity. A promising framework to bridge the gap between
the molecular-level measurements and risk assessment is the
concept of Adverse Outcome Pathways (AOPs). These pathways
comprise mechanistic knowledge and connect biological events
from a molecular level towards an adverse effect after exposure
to a chemical or nanomaterial. However, the implementation of
omics-based approaches in the AOPs and acceptance by the risk
assessment community is still a challenge. Therefore, tools are
required for omics-based data analysis and visualization, and to
link the data to the traditional AOPs.

Here we show how WikiPathways, an open science pathway
database, can serve as a viable tool for this purpose. Therefore,
an AOP Portal (aop.wikipathways.org) has been created with a
rapidly growing collection of molecular-level AOPs on which omics
datasets can be mapped an analyzed, currently consisting of 15
pathways by 14 authors that are structured in various ways. Besides
that, we are making WikiPathways more interoperable with aop-
wiki.org, the main knowledge-base that collects and stores AOPs.
The open and collaborative nature makes WikiPathways a fast
growing platform that is applicable in a wide range of biomedical
research fields in which omics-based approaches are used. Also,
its use of ontologies, OpenAPI documentation and FAIR (Findable,
Accessible, Interoperable, Reusable) approaches makes WikiPath-
ways interoperable with many other data sources. By introducing
AOPs in WikiPathways and linking these with the AOPs in aop-
wiki.org, we aimed to make WikiPathways a useful tool for the
regulatory toxicity community and for toxicological research in
general. Eventually this could lead to implementation of WikiPath-
ways as a data-source for decision-making in REACH (Registration,
Evaluation, Authorization, and restriction of Chemicals) dossiers
for risk assessment of chemicals. This project has received funding
from the European Union’s Horizon 2020 research and innovation
programme project EU-ToxRisk under grant agreement No. 681002
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and EINFRA-22-2016 programme project OpenRiskNet under grant
agreement No. 731075.
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The challenge of decision making between several and unequivocal
experimental data occurred in regulatory with the systematic haz-
ard and risk evaluation of existing chemicals, namely the OECD High
Production Volume program and eventually the EU REACh legisla-
tion. The working experience resulted in the recommendation of
a systematic approach (Klimisch et al., 1997), considering not only
Reliability but also Relevance and Adequacy of data. The regulatory
implementation in the REACh legislation and the IUCLID database
tool for data submission were anyhow restricted to the assignment
of a Reliability score, thus rating only the intrinsic quality of the
available study information. Due to endpoint specific refinement of
the criteria for Reliability evaluation, also the publication of Küster
et al. (2009) became a standard in regulatory, specifically for the
environmental risk assessment (ERA) of pharmaceuticals. Finally
the Reliability evaluation methodology has been further developed
to gain increased reproducibility of the ratings (Kase et al., 2016).
In result, a state-of-the-art conclusion on the Reliability of a study
is a work and documentation intensive task.

As the Reliability of an irrelevant and/or inadequate study is
completely meaningless, these points may be worth to be checked
and documented before undertaking investigations on the Relia-
bility. Studies correctly rateable as “reliable without restriction”,
can still be unsuitable for assessment. This holds typically true in
cases of test artefacts, i.e. if the experimental protocol is unsuit-
able for a substance. An example is the aquatic toxicity of test
items releasing metal cations in case the test medium contains
chelating agents. Other reasons to rate a study irrelevant may be
the use of the wrong test item, e.g. a dissociating pharmaceutical
formulated as an organic salt with a readily biodegradable and tox-
icologically almost irrelevant organic cation or anion, should not
be used in the biodegradation screening-test as it will be present
as two substances, one of them feeding the test microorganisms.
Also a radiolabel in a carboxylic acid group, being subject to readily
decarboxylation would question the relevance and/or adequacy of a
study qualifying as reliable due to the proper study documentation.

https://doi.org/10.1016/j.toxlet.2018.06.963
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In 2016, the American Conference of Governmental Industrial
Hygienists lowered the 8-h Threshold Limit Value - time-weighted
average (TLV-TWA) for toluene diisocyanate (TDI) from 5 ppb to
1 ppb, and the 15-min short-term exposure limit (STEL) from
20 ppb to 5 ppb, to protect against respiratory effects. We critically
evaluated the available human and animal evidence upon which

these occupational exposure limits (OELs) were based. We found
that the human evidence indicates that maintenance of 8-h aver-
age TLV-TWA concentrations less than or equal to 5 ppb and peaks
less than 20 ppb (i.e., the previous 8-h TLV-TWA and 15-min STEL)
is protective of occupational asthma (OA) in most workers, and is
also protective of lung function decrements and other respiratory
effects. Some of the available studies suggest that occupational
asthma cases at TWA concentrations less than 5 ppb were likely
affected by very high peak exposures, well above 20 ppb. Advances
in industrial hygiene measures have reduced peak exposures and
the incidence of upset conditions such as spills and accidents, so
these high peak exposures are unlikely to occur in modern TDI
manufacturing facilities. The animal literature supports the human
evidence and indicates that TDI-induced asthma is a threshold phe-
nomenon. We conclude that the evidence does not indicate that the
lower TDI TLVs will result in a lower incidence of respiratory effects,
including OA. Our evaluation is applicable to the setting of OELs for
TDI by other regulatory agencies worldwide.

https://doi.org/10.1016/j.toxlet.2018.06.964
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Antibody-drug conjugates or ADCs are an emerging class of cancer
treatment agents that combines the selectivity of targeted treat-
ment with the cytotoxic potency of chemotherapy drugs. Antibody
conjugation to cytotoxic drugs appears to be a promising way to
reduce the systemic toxicity of drugs by targeting them specifically
to tumor tissue.

Recent efforts to improve the therapeutic index of ADCs for
the next generation require the optimization of each component
in combination with the others, resulting in a multitude of new
technologies that could have an impact on the safety and pharma-
cokinetics of ADCs.

Since the first approval of MYLOTARG (Gemtuzumab ozogam-
icin) in 2000, ADCs market has evolved considerably and now
comprises around 20% of the clinical pipeline of antibodies for can-
cer, but only 11% of all antibodies in clinical development (Reichert,
2016). To date, 3 ADCs have received market approval in Europe
while there are approximately 200 ADCs in clinical/preclinical
stages of development showing that the field is currently going
through a gradual transition (Antibody Drug Conjugates Market;
4th Edition).

These molecules are taking a growing place within the oncol-
ogy division of the ANSM and will represent in the future a major
focus. We present here an inventory of the development (main indi-
cations, different stages of development, summary of assessment
methods, . . .) of the various conjugated antibodies in France over
the last years within applications for clinical trial authorization for
the French territory submitted to the ANSM.

A synthesis of their main toxicities (ADCs and/or payloads)
showing the different causes of rejection at the non-clinical level
is presented and compared to clinical toxicity (hematology toxic-
ity, immunogenicity, anti-drug antibodies, . . .). Current challenges
include a careful selection of targets, a better understanding of ADCs
mechanism of action, the management and understanding of ADC
off-target toxicities, as well as the selection of appropriate clinical
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settings (patient selection, dosing regimen) where these molecules
can bring highest clinical benefit.

One of the main issue for the French Medicines Agency as well as
for the European Medicines Agency (EMA) would be the elaboration
of new guidelines on these ADCs allowing a more precise develop-
ment of these molecules located between biological and chemical
entities in the treatment of both hematologic malignancies and
solid tumors.

https://doi.org/10.1016/j.toxlet.2018.06.965
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The development and welfare of our society is dependent on chem-
icals, but exposure to certain chemicals, sensitizers, may induce
allergic contact dermatitis (ACD). The disease has a prevalence of
>20% in the western world and is associated with poor quality of
life and subsequent socioeconomic effects. For safer products and
occupations, regulatory authorities require chemicals to be safety
tested. Traditional sensitization tests comprise animals, but recent
regulations ban or advice non-animal testing. The Genomic Aller-
gen Rapid Detection skin – GARDskin – is a state of the art in vitro
assay for assessment of chemical sensitizers. To demonstrate the
validity of the assay, we here present the results of the GARDskin
ring trial (OECD TGP 4.106).

The initiation of skin sensitization in vivo includes activation of
dendritic cells (DCs). The GARDskin assay relies on in vitro stim-
ulation of SenzaCells; a myeloid cell line resembling human DCs.
Following exposure of the cells to a test substance, chemicals
are classified as either sensitizers or non-sensitizers based on the
readout of a genomic biomarker signature comprising 200 genes
involved in immunological pathways associated with skin sensiti-
zation.

For validation of GARDskin, three independent laboratories
were selected: two external CROs and the in-house development
laboratory. The structure of the study was designed to cover
training and transferability of GARDskin to the two external test
laboratories. The final study included assessment of reproducibility
within and between the three laboratories (WLR and BLR respec-
tively), as well as assessment of predictive performance.

In the transfer study, the two external test laboratories tested
eleven chemicals by GARDskin in three consecutive experiments.
All substances (11/11) were correct classified (100% accuracy), con-
firming the assay transferability. In the final validation study 28
coded chemicals were analyzed by all three laboratories. The WLR
was calculated to 82–89% and the BLR to 92% (range 92–100%).
Moreover, the test performance was excellent: accuracy 94%, sen-
sitivity 93% and specificity 96%. The overall conclusions from the
study was that GARD is easy to transfer to naïve laboratories, highly
reproducible, and a powerful tool for the assessment of skin sensi-
tizers.

https://doi.org/10.1016/j.toxlet.2018.06.966
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A. Richarz ∗ , S.K. Bopp, R. Corvi, A.P. Worth

European Commission Joint Research Centre, Directorate for Health,
Consumers and Reference Materials, Ispra, Italy

The characterisation and transparent documentation of any uncer-
tainties encountered in risk assessment are essential for informed
decisions and risk management measures. A scoping exercise was
undertaken, anchored to the framework of Integrated Approaches
to Testing and Assessment (IATA), to identify existing guidance and
evaluate the inclusion of uncertainty assessment. IATA are com-
posed of building blocks such as Test Guideline and non-standard
studies, high throughput in vitro assays, omics and in silico data. The
multiple data sources are integrated in a weight of evidence (WoE)
to conclude on the chemical hazard/risk. Guidance documents were
searched for and hierarchically grouped at different levels, follow-
ing the knowledge pyramid, from cross-cutting issues concerning
data and methodological quality to the different IATA components
and WoE integration. The analysis included documents from reg-
ulatory sources to peer-reviewed literature, assessing in particular
how uncertainty was considered and whether user-friendly tem-
plates were included. More guidance was available on basic aspects
related to the input data and methods than for the integration. Basic
steps towards standardisation and increasing of data quality facil-
itate the WoE and reduce overall uncertainties. They are therefore
considered an important integral part of the process to improve
confidence in safety assessment results. Another finding was that
available guidance is fragmented and duplicated across sectors, sci-
entific areas, countries and pieces of legislation. The provision of
overarching advice on the availability and use of different guid-
ance would be beneficial. As a first step, the creation of a one-stop
inventory for reference will raise awareness of all existing guid-
ance and aspects possibly having an impact, in order to facilitate
and streamline safety assessment at a global level. This work is also
contributing to a project under the OECD’s Working Party on Hazard
Assessment (WPHA).

https://doi.org/10.1016/j.toxlet.2018.06.967

P20 – Reprotoxicity

P20-01
Anticancer effect of arsenic compounds on
apoptosis in oral cavity cancer cells

B.-M. Huang

National Cheng Kung University, Cell Biology and Anatomy, Tainan,
Taiwan

Arsenic is a well-documented environmental toxicant. Epidemi-
ological survey implicates that exposure to arsenic will induce
neurotoxicity and peripheral vascular disease (known as black-
foot disease). However, arsenic trioxide (ATO) has also been used
for medicinal purposes, originally to treat acute promyelocytic
leukemia (APL), showing ability for anticancer treatment. Oral can-
cer has been in top 10 common cancers for decades in Taiwan,
and the incidence rate still increases year after year. Around 75
percent of oral cancers are linked to modifiable behaviors, such as
tobacco use and excessive alcohol consumption. Also, betel chew-
ing in some certain areas, especially in Southeast Asia, is known to
be a strong risk factor for developing oral cancers. Due to the high

https://doi.org/10.1016/j.toxlet.2018.06.965
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rate of occurrence and mortality, three oral squamous carcinoma
cells (Fadu, OEC-M1, and OC3) treated by sodium arsenite (NaAsO2)
and dimethylarsenic acid (DMA) were investigated to determine
whether the arsenic compounds could be the anti-cancer agents.
Results show that cells appeared rounded up and became mem-
brane blebbing after treatments with NaAsO2 (1 �M) and DMA
(1 mM) for 24 hr in OEC-M1 and OC3 cell lines, and NaAsO2 (10 �M)
and DMA (5 mM) for 24 hr in Fadu cell line, respectively. These
morphological changes revealed characteristics of apoptosis. In cell
viability test, the surviving percentage of all three cell lines signifi-
cantly decreased as the dosage of arsenic compounds increased (10
to 100 �M NaAsO2 and 1 to 100 mM DMA). The impact of arsenic
compounds on cell cycle regulation was detected by flow cytome-
try. Results showed that the percentage of subG1 and G2/M phase
cells among three cell lines increased in both NaAsO2 and DMA
treatments. In addition, activation of the caspases, such as caspase-
8, -9, and -3, and cleavage of poly ADP-ribose polymerase (PARP)
were examined by western blot, and results showed that NaAsO2
and DMA activated caspase-8, -9, and -3 cleavages. Moreover, both
arsenic compounds could activate JNK, ERK1/2, and p38 phospho-
rylation among these cell lines. Taken together, NaAsO2 and DMA
could induce cell apoptosis through extrinsic and intrinsic apop-
totic pathways and cause the activation of MAPK pathway in Fadu,
OEC-M1, and OC3 oral cancer cell lines.

https://doi.org/10.1016/j.toxlet.2018.06.968

P20-02
Association between perfluoroalkyl substances
in cord blood and birth weight in Belgian
population

P. Dufour 1,∗ , C. Pirard 1, M.-C. Seghaye 2, C. Charlier 1

1 Université de Liège, Service de Toxicologie clinique, médico-légale,
de l’environnement et en entreprise, Liège, Belgium
2 Université de Liège, Service de Pédiatrie, Liège, Belgium

Introduction: Perfluoroalkyl substances (PFAS) are man-made
chemicals used in numerous industrial processes and character-
ized by very long half-lives in the environment. We highlighted
PFAS contamination in cord blood samples collected in Belgium.
In this population, we also found a negative correlation between
PFNA concentration in cord blood and TSH level measured 3 days
after delivery [1]. Beside the TSH level, birth weight is also an impor-
tant health parameter, since low birth weight (<2500 g) is related to
several health adverse outcomes. Many studies explored the poten-
tial association between PFAS contamination in newborn and birth
weight but the results are still inconsistent and the situation was
never assessed in Belgium. The objective of the present work is thus
to assess the potential correlation between PFAS levels measured
in cord blood and birth weight in Belgium.

Materials and methods: Cord blood samples (n = 281) were col-
lected at the university hospital of Liege (Belgium) between August
2013 and March 2016. Levels of perfluoroalkyl substances were
determined using LC-MS. Birth weight and additional data about
newborns and their mothers (gestational age, mother age, pre-
pregnancy BMI, tobacco habits, parity, and sex of the newborn)
were collected using the medical records. Multivariate analyses
were performed using R software to assess the association between
birth weight and PFAS levels.

Results and discussion: No significant correlation was high-
lighted between birth weight and PFAS contamination in our
population. Nevertheless, the concentration measured in our popu-
lation is low (median PFOA concentration: 0.68 ng/mL and median
PFOS concentration: 0.73 ng/mL) compared to populations where
significant negative correlations were highlighted (e.g. in English

newborns, median PFOA concentration: 3.7 ng/mL and median
PFOS concentration: 19.6 ng/mL [2]).

Conclusion: Contrary to the results of some other studies, in
our population, birth weight and PFAS levels were not significantly
associated. This discrepancy may be due to the lower contamina-
tion of Belgian newborns.
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P20-03
Aryl hydrocarbon Receptor (AhR) signaling in
human primary trophoblast cells

R.El Dairi ∗ , J. Rysä, M. Pasanen, P. Huuskonen

University of Eastern Finland, Pharmacology and Toxicology, Kuopio,
Finland

Introduction: The aryl hydrocarbon receptor (AhR) is a ligand-
activated transcription factor that controls a wide variety of
developmental and physiological events. AhR is highly expressed in
placenta and it upregulates the most important xenobiotic metab-
olizing enzyme of the placenta, cytochrome P450 1A1 (CYP1A1).
Chemicals including pharmaceuticals and environmental contam-
inants binding to AhR in the placenta, may contribute to adverse
effects on the fetal development, as well as fetal metabolism and
reproductive system.

Methods: Human primary trophoblast cells were isolated from
full term placenta after delivery. The trophoblasts were exposed to
25 �M of AhR agonist �-naphthoflavone (BNF) for 72 h and gene
expression profiling was done by using Illumina Human HT-12
expression beadchips. Differential expression of selected genes was
confirmed with RT-qPCR. Ingenuity pathway analysis (IPA) was
performed to identify BNF induced biological functions and down-
stream signaling pathways within the gene expression data.

Results: In response to BNF treatment, 68 genes were up
regulated and 294 genes were down regulated as compared to
control cells. The majority of the top upregulated genes were
genes related to inflammatory response, polycyclic aromatic hydro-
carbons (PAHs) and dioxin-related response, fatty acid, steroid
and xenobiotic metabolism. Whereas, the majority of the top
downregulated genes play a role in placental growth and devel-
opment, regulating pregnancy-related hormones and metabolism,
and modulating the activity and function of immune cells.

Conclusions: Our study indicates that AhR signaling in pla-
centa is involved in regulation of various physiological processes
beyond xenobiotic metabolism. Therefore, any disturbances of AhR
signaling can have significant consequences on maintenance of
pregnancy.

https://doi.org/10.1016/j.toxlet.2018.06.970
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P20-04
Paracetamol (acetaminophen) may interfere
with the human fetal ovary development in an
ex vivo model

L.L. Lecante 1,∗ , S. Leverrier-Penna 1, V. Lavoué 2, A.D. Rolland 1,
S. Mazaud-Guittot 1

1 Univ Rennes 1, Inserm, EHESP, Irset (Institut de recherche en santé,
environnement et travail) UMR-S1085, Rennes, France
2 CHU Rennes, Service Gynécologie et Obstétrique, Rennes, France

Purpose: Paracetamol (APAP i.e. acetaminophen), taken by more
than half of pregnant women, is the most used over-the-counter
analgesic along pregnancy. Although considered safe for long, a
raising number of studies show that APAP intake may be asso-
ciated with troubles in children exposed in utero and notably, a
higher risk of male genital tract abnormalities (hypospadias, cryp-
torchidism). These data have been correlated with human studies
showing that paracetamol may interfere with the male fetal hor-
mones. On the female side, if rodent studies suggest that a fetal
exposure to paracetamol may have long-term effects on the repro-
ductive function, there is, up to now, no evidence of its effects on the
human female gonad development. Provided that any disruption
of the fetal ovarian development may impact woman reproduc-
tive health, we investigated whether in utero exposure to APAP
interferes with the human fetal ovary development.

Methods: Human fetal ovaries collected from medical termina-
tions of pregnancies aged from 7 to 12 developmental week (DW)
were cultivated during 7 days with APAP (10−8 to 10−3 M). For each
individual, a negative control was cultivated with the drug vehicle
and compared with its treated counterpart(s).

Results: After 7 days of exposure, APAP reduced the total cell
number in a non-monotonic manner only in 10–12 DW samples,
but not in 7–9 DW ones. We therefore addressed the question
whether it impacted apoptosis and/or cell proliferation. While
APAP had no specific effect on the percentage of cell death by
using flow cytometry, we showed by immunostaining of cleaved
caspase 3, a trend to increase apoptosis in 7–9 DW samples. How-
ever, APAP induced no major alteration in the percentage of the
subpopulation of M2A-positive germ cells, whatever the concen-
tration and the studied age group. Altogether, our data indicate
that APAP may impact the human fetal ovarian development dur-
ing the first trimester by increasing apoptosis without decreasing
specifically the M2A-positive germ cell subpopulation ratio. Never-
theless, crucial events for the ovarian pool establishment occurring
after, further study is needed to assess its potential effects later in
pregnancy.

Funded by Agence nationale de la recherche (# ANR-15-CE34-
0001-01) and Agence nationale de sécurité du médicament (#
2014S032)
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P20-05
A new screening approach for the evaluation of
retinoic acid receptor alpha (RAR�) interaction
of chemicals

B. Birk ∗ , P. Demuth, N. Roth, K. Sessler, H.-A. Hüner,
A. Verlohner, B. Flick, B. van Ravenzwaay, R. Landsiedel

BASF SE, Experimental Toxicology and Ecology, Ludwigshafen,
Germany

Early and robust identification of reproductive toxicity properties
of chemicals and their mode of action is crucial during the devel-
opment of new products. It is known that inappropriate regulation

of the retinoic acid receptor alpha (RAR�) can lead to a range of
adverse effects including teratogenicity and testicular toxicity and
is a relevant mode of action (MoA) in the context of reproduc-
tive toxicity. The RAR� is a nuclear receptor present in the cellular
nucleus and bound to the retinoic acid response elements in front
of target genes. A key step in the ligand induced transcription of
those controlled genes is the recruitment of cofactors by RAR�.

Two different methods (a cell based system and a micro
array system) were tested to determine their strength and lim-
itations to identify RAR�-interaction (agonism, antagonism and
non-response) of xenobiotics. Therefore, the cofactor binding pat-
terns (tested by MARCoNI, PamStation

®
) for several known agonists

(e.g. ATRA, AM580), antagonists (e.g. BMS195614, BMS493) and
non-responder (e.g. Ketoconazole) were investigated and com-
pared with results from reporter cell line test (HEK293), expressing
RAR�, to evaluate the applicability for toxicological assessment of
xenobiotics.

The dose response curves (EC50) of peptides and cofactors,
known as relevant for the RAR� interaction, corresponded nicely to
the dose response curve of the HEK293 cell line. In detail: after ATRA
treatment 16 selected cofactors/45 peptide motifs revealed EC50
values between 6.6 × 10−9 M and 1.0 × 10−8 M and was comparable
to EC50 value of 1.9 × 10−9 M for ATRA in HEK293 cells.

All results nicely show that RAR� interaction of xenobiotics
can be demonstrated by above mentioned methods. While the
HEK293 cell line is suitable to determine the agonistic and antag-
onistic property of a chemical in an easy and economical way, the
experiments in the MARCoNI-system revealed the molecular initi-
ating event by influencing corepressor or coactivator-binding. Both
methods can compensate the limitations of each other and there-
fore the combination of both methods increases the value of each
individual method. A smart testing strategy was implemented to
investigate the RAR� interaction including mechanistical under-
standing of chemicals in the screening phase but also for specific
regulatory questions.

https://doi.org/10.1016/j.toxlet.2018.06.972

P20-06
New approach for assessment of Wistar
Hannover male rats reproductive toxicity

Y. Kolianchuk ∗ , M. Prodanchuk, N. Nedopytanska, I. Rashkivska,
V. Bubalo, T. Usenko

L I. Medved’s Research Center of Preventive Toxicology, Food and
Chemical Safety of the Ministry of Health Of Ukraine, Institute of
Experimental Toxicology and Bio-medical Research, Kiev, Ukraine

Nowadays there are many schemes for pesticides reproductive tox-
icity assessment based on investigations after treatment phase
of experiment. We provide standard reprotox research proce-
dure of Lambda-cyhalothrin (LC), which is studied insufficiently,
which was supplemented with extended studies after recovery
phase. 40 Wistar Han males were treated by gavage for 11 weeks
with generic LC 98.06% in doses 0; 0.3; 3 and 10 mg/kg/bw/day.
After exposure period males were recovered for one full cycle
of spermatogenesis (70 days). Reproductive parameters (RP): tes-
ticular, epididymis weight, testes and epididymis coefficients of
relative weight, total amount of sperm, sperm motility, percent-
age of abnormal forms of germ cells were studied. RP of intact
females, who mated with experimental males were taken into
account. Hematological and cytochemical parameters (SDH, APH),
hemogram with morphological disturbances of blood cells were
evaluated. All abovementioned indicators were determined after
exposure (E) and recovery (R) period. Significant decrease of sperm
quality parameters after E was noted. This changes had been saved
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and intensified to R. Tendencies to decrease of HGB and RBC were
observed. SDH activity significantly decline in directly proportional
dependence to gonadotoxicity signs after E and normalize after
R in all dose, despite of 10 mg/kg, where it was compensatory
increased. Based on the results we conclude that LC cause adverse
effects on reproductive male function. Hematological alterations
were noted. Determined WBC cytochemical status corelate with
morpho-cellular functions of gonads and can predict the probable
pathological changes in reproductive system of Wistar Han males.

https://doi.org/10.1016/j.toxlet.2018.06.973

P20-07
Mineral mix diet composition for
reprotoxicological experiments in vivo: Lithium
salt

N.V. Tyshko

Federal State Budgetary Scientific Institution “Federal Research
Centre of Nutrition, Biotechnology and Food Safety”, Moscow, Russia

The optimized formula of semisynthetic casein diet (SCD), simi-
lar to AIN-93 in the composition of vitamin-mineral complex, was
used in a numerous reprotoxicological experiments on rats. The
experience of the SCD usage revealed that reproductive function
of rats showed the decrease in mating efficiency from 75–85% to
55–65%. As a result of conducted comparative analysis of vitamin-
mineral mix the hypothesis about the leading role of lithium salts
for formation of detected changes was put forward.

Lithium salts are characterized by a wide range of physiological
action, particularly, lithium is known to be sedative medication.
Taking into consideration the properties of lithium salts, necessity
of their inclusion into the laboratory animals diet under conditions
of long-term experiments seems doubtful.

The 120-days experiment was performed on Wistar rats with
the initial body weight of 90–110 g. The animals were randomly
divided into 2 groups (20 males and 20 females in each group,
accordingly): the rats in control group were exposed to SCD, the
rats in the test group were exposed to Lithium chloride free SCD.

Research of female fertility in control and test groups showed
the absence of significant differences: out of 20 co-housed females
in each group, pregnancies and deliveries were registered for 9
females in control and 11 females of test group, accordingly. Within
the framework of the experiment influence of lithium salt in the
diet composition on female fertility was not concerned, however,
later we compared the fertility of control group rats which were
used in eight different experiments; in four experiments the ani-
mals received the diets with the inclusion of lithium salt, in the
other four experiments the lithium-free salt mix was used. It was
revealed that under the conditions of the lithium salt intake, 194
of 264 co-housed females were impregnated (74% fertility), and
the rate of potential fertility was 83% (parameter includes females
co-housed with a sterile male (194+26); whereas under the con-
ditions of lithium-free diets 221 of 256 co-housed females were
impregnated (86% fertility) and the rate of potential fertility was
90% (221+8).

The data indicate a stable trend in fertility increase of rats on
lithium-free diets.

This work was supported by Russian Science Foundation grant No.
16-16-00124.

https://doi.org/10.1016/j.toxlet.2018.06.974
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Effects of silver and gold nanoparticles on
ovarian granulosa cell viability and
steroidogenesis

S. Scsukova 1,∗ , A. Bujnakova Mlynarcikova 1, A. Sirotkin 2,3

1 Biomedical Research Center Slovak Academy of Sciences, Institute of
Experimental Endocrinology, Bratislava, Slovakia
2 Constantine the Philosopher University, Department of Zoology and
Anthropology, Nitra, Slovakia
3 Research Institute of Animal Production, Department of Genetics
and Reproduction, Luzianky, Slovakia

Despite a great potential benefit of silver (Ag) and gold nanoparti-
cles (Au NPs) in the areas of biomedical and industrial applications,
there has been an increased interest in studying their possible dele-
terious effects in biological systems. Current data have suggested
that NPs may pose risks to female reproductive health by induc-
ing cytotoxic effects on ovarian cells, impairing follicle maturation,
and altering sex hormone levels. Ovarian granulosa cells (GCs) play
a major role in maintaining ovarian function, health, and female fer-
tility. In the present study, we investigated in vitro dose-dependent
and time-course effects of Ag and Au NPs with different size on
viability and steroidogenic activity of ovarian GCs.

The immortalized GC line COV434 and primary culture of GCs
isolated from porcine ovarian follicles (3–5 mm in diameter) were
cultured with Ag NPs (10, 20, 100 nm; 0.1–10 �g/ml) or Au NPs (20,
100 nm; 0.3–33 × 1010 and 0.2–19 × 108 particles/ml, respectively)
in the absence or presence of follicle-stimulating hormone (FSH,
100 ng/ml) for 24, 48, and 72 h. Cell viability was assessed by MTT
and CytoTox-ONE Homogenous Membrane Integrity (LDH) assays.
Progesterone levels in culture media were measured by radioim-
munoassay commercial kits.

Treatment of COV434 cells and porcine GCs with Ag and Au
NPs induced a significant concentration- and time-dependent inhi-
bition of cell viability. The smaller NPs showed more deleterious
effects. Exposure of porcine GCs to Ag and Au NPs at all sizes sig-
nificantly decreased, in a dose-dependent manner, basal as well as
FSH-stimulated progesterone secretion by GCs after 48 and 72 h of
culture.

The obtained results indicate that disruption of gonadal cell
functional state via NPs may affect steroidogenic output and thus
perturb mammalian reproductive function. Possible sites of NPs
action on the steroidogenic pathway should be further elucidated.

This work was supported by the Slovak Research and Devel-
opment Agency under the contract No APVV-15-0296 (acronym
ENDONANOSAFE) and VEGA Grant 2/0187/17.
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P20-09
Coenzyme Q10 supplementation rescues
infertility and reproductive outcomes following
exposure to the endocrine disruptor bisphenol
A in Caenorhabditis elegans

M.F. Hornos Carneiro 1,2,∗ , N. Shin 1, M.P. Colaiacovo 1

1 Harvard Medical School, Department of Genetics, Boston, US
2 University of Sao Paulo, Department of Clinical Analysis, Toxicology
and Food Science, Ribeirao Preto, Brazil

Given the widespread prevalence of endocrine disruptors in our
environment, it is critically important to understand their impact
on reproductive health and to identify ways to mitigate their effects
and improve fertility and early embryogenesis outcomes. Here, uti-
lizing advantageous features of Caenorhabditis elegans as a model
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for germline studies and the conservation of the CoQ pathway, we
show that the natural supplement CoQ10, an antioxidant, rescues
the increased chromosome nondisjunction and meiotic defects
resulting from exposure to the endocrine disruptor bisphenol
A (BPA). CoQ10 rescues sterility (decreased brood size), embry-
onic lethality and larval lethality and high-resolution microscopy
revealed that worms treated with CoQ10 showed a significant
decrease in the levels of chromosome defects in oocytes at diaki-
nesis (worms were exposed to different doses of BPA starting as L1
larvae and were supplemented with 100 �g/ml of CoQ10 starting as
young adults when the gonads are fully formed). CoQ10 treatment
also decreased the elevated levels of germ cell apoptosis and pCHK-
1, a protein involved in activation of the DNA damage checkpoint,
seen in BPA-only treated worms. In addition, impaired DSB repair,
as revealed by elevated levels of foci for RAD-51, a protein involved
in strand-exchange during DNA double-strand break (DSB) repair
following BPA exposure, were significantly decreased following
CoQ10 supplementation. Finally, use of a reporter strain carry-
ing GFP expressed under the control of the glutathione-requiring
prostaglandin D synthagst-4) promoter showed significantly less
GFP signal in gonads of CoQ10-treated worms suggesting that BPA
exposure generates oxidative stress in the germ cells which is
neutralized by CoQ10 supplementation. Our study shows that sup-
plementation with CoQ10 can serve as a low-risk and low-cost
intervention for significant rescue of infertility and reproductive
outcomes following exposure to BPA.

https://doi.org/10.1016/j.toxlet.2018.06.976

P20-10
Possible role of n-hexane as endocrine
disruptor in occupationally exposed women at
reproductive age

L. Ruiz-García 1,∗ , J.M. Malacara-Hernández 1, N. Figueroa-Vega 1,
G.B. Bartoloucci 2, M. Carrieri 2, F. Salamon 2, O. Jiménez-Garza 1

1 Universidad de Guanajuato, División Ciencias de la Salud, Leon,
Mexico
2 Padua University, Cardiologic, Thoracic And Vascular Department,
Padua, Italy

Introduction: Several studies in experimental animals and cellular
lines have associated n-hexane and its metabolite 2,5-hexanodione
exposure (2,5-HD), as an ovarian toxic and therefore as hazardous
for fertility. In humans, the evidence with women occupationally
exposed to n-hexane has been reported as subfertility: affecting
time for getting pregnant and menstrual cycle length. The previous
reports did not specify solvents individual exposure levels for n-
hexane.

Methods: We studied a group of Mexican women laboring in
a shoe Factory (n = 34). Individual environmental levels for seven
volatile organic compounds, included n-hexane, were measured.
Also, urinary 2,5HD and FSH and anti-Müllerian hormone (AMH)
serum concentrations as potential biomarkers of ovarian toxicity, in
addition to a gyneco-obstetric history were obtained, reproductive
history was asked. We performed all tests and questionnaires in a
reference group as well (n = 32).

Results: Mean exposure levels to n-hexane (49.2 ± 39.6 mg/m3)
and toluene (30.8 ± 24.5 mg/m3) were the highest observed. There
were no significant differences in serum FSH and AMH concentra-
tions between groups (p > 0.05). Exposed group showed prolonged
menstrual cycles (p = 0.007, OR 1.26, 95% CI = 1.07–1.50) and longer
time for getting pregnant compared with controls (p = 0.015, OR
6.25, 95% CI = 1.24–31.2). Also in the exposed group, significant
correlations were observed between FSH serum levels and n-

hexane (r = −0.34, p = 0.028) as well as FSH and 2,5HD urinary
levels(r = −0.33, p = 0.029).

Conclusions: The results of this study suggest that n-hexane
contained in a mixture of solvents could behave as an endocrine
disruptor and therefore interfere in the menstrual cycle and in the
fertility of women occupationally exposed to this solvent.

https://doi.org/10.1016/j.toxlet.2018.06.977
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ReproTracker, a human stem cell-based
reporter assay for in vitro dart assessment

P. Racz ∗ , I. Brandsma, T. Zwetsloot, G. Hendriks

Toxys BV., Leiden, Netherlands

Testing for developmental and reproductive toxicology (DART) is
a crucial part of the toxicological risk assessment. Today, DART
mostly relies on animal testing although alternative in vitro tests
such as embryonic stem cells based assays are increasingly being
used. However, these in vitro assays often lack mechanistic insight
and are difficult to translate to human risk due to inter-species
differences.

To improve in vitro identification of developmental toxicants,
we developed a human induced pluripotent stem cell (hiPSC)
based reporter system. To quantitatively assess the major develop-
mental processes, we identified 43 potential biomarkers marking
different developmental stages from stem cells to mature tissues.
To test whether compounds affect development, we optimised
the differentiation protocols for hiPSC towards cardiomyocytes
and hepatocytes and confirmed expression of selected biomark-
ers (OCT4, BMP4, MYH6, FOXA2, SOX17, AFP, ALB) by qPCR. During
differentiation, expression of the stem cell marker OCT4 decreased,
while expression increased for MYH6 in cardiomyocytes or ALB and
AFP in hepatocytes. Next, we exposed the cells to two established
teratogens: 5-fluorouracil and thalidomide during cardiomyocyte
and hepatocyte differentiation and observed downregulation of the
cardiomyocyte-specific biomarker MYH6 and hepatocyte-specific
markers ALB and AFP. This result indicates the disruption of the
developmental program and confirms the teratogenic potential of
the compounds. We are currently validating our assay using a set
of known teratogenic compounds including the ECVAM compound
library.

In conclusion, following the differentiation program by reporter
genes is a suitable tool for high throughput, quantitative measure-
ment of differentiation for DART screening.

https://doi.org/10.1016/j.toxlet.2018.06.978
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Prenatal administration of SMe1EC2 changed
anxiety- and depression-like behavior with
changes in the brain oxytocin expression of
adult offspring

P. Stefanik 2 , L. Olexova 2, Z. Dzirbikova 2, E. Ujhazy 1, M. Mach 1,∗

1 Centre of Experimental Medicine SAS, Institute of Experimental
Pharmacology and Toxicology, Bratislava, Slovakia
2 Comenius University in Bratislava, Department of Animal
Physiology and Ethology, Faculty of Natural Sciences, Bratislava,
Slovakia

SMe1EC2 is a pyridoindole derivative with low toxicity and poten-
tially anxiolytic effect. SMe1EC2 was orally administered daily to
the pregnant Wistar rats from 15th day of gestation to the 10th day
of postpartum in three doses: 5 mg/kg (dose1), 50 mg/kg (dose2)

https://doi.org/10.1016/j.toxlet.2018.06.976
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and 250 mg/kg (dose3). Adult offspring underwent behavioral tests
– elevated plus maze (EPM) for assessment of anxiety-like behav-
ior at age 55 days, and forced swim test (FST) for assessment of
depression-like behaviour at age 90 days. Oxytocin (OT) mRNA
levels were measured in the supraoptic (SON) and paraventricu-
lar nucleus (PVN) of hypothalamus. We found the highest effect
of SMe1EC2 in dose2 group in both behavioral tests. In the EPM
dose2 spent significantly more time in the open arms. In the FST
dose2 group exhibited higher immobility duration and higher num-
ber of immobility episodes in comparison with all other groups.
In situ hybridization revealed significantly increased OT expression
in the PVN of dose1 group compared to control group and decreased
OT expression in the SON of dose1 and dose2 males in comparison
with any other males and females groups. Our results indicate that
administration of SMe1EC2 during pregnancy and early postnatal
period had effect on anxiety-like and depression-like behaviour and
expression of OT in the offspring in adulthood.

https://doi.org/10.1016/j.toxlet.2018.06.979
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Electrophysiological evaluation of
developmental neurotoxicity induced by the
prenatal exposure to 1-bromopropane

Y. Fueta 1,∗ , T. Ishidao 1, S. Yoshida 2, H. Hori 1, D. Yamasaki 3,
Y. Kanda 3, S. Ueno 4

1 University of Occupational and Environmental Health, Department
of Environmental Management and Control, Kitakyushu, Japan
2 Toyohashi University of Technology, Department of Environment
and Life Science, Toyohashi, Japan
3 National Institute of Health Sciences, Division of Pharmacology,
Kawasaki, Japan
4 University of Occupational and Environmental Health, Department
of Occupational Toxicology, Kitakyushu, Japan

Purpose: 1-Bromopropane (1-BP) is an organic solvent mainly used
as a degreasing agent and spray adhesive, and has been reported
to exhibit reproductive and neuronal toxicity in human and animal
studies. However, the mechanism underlying developmental neu-
rotoxicity (DNT) is not known. Recently, we reported that prenatal
exposure to 1-BP induced delayed DNT in rats after growth (JOH,
2018). We aimed to investigate whether DNT caused by exposure to
1-BP can be evaluated during the juvenile period before adulthood
using the electrophysiological approach.

Methods: Pregnant Wistar rats were exposed to 1-BP vapour
at a concentration of 400 or 700 ppm for 20 days during the ges-
tational period (1–20 days). Fresh air was provided to the control
pregnant rats. Hippocampal slices were prepared from postnatal
days (PNDs) 13–15 juvenile rats belonging to the 1-BP and control
groups. The integration of synaptic excitation potentials to generate
an action potential, referred to as excitatory postsynaptic potential-
spike coupling (E-S coupling), determines the neuronal output. We,
then, analysed the stimulation/response (S/R) association of the
slope of the field excitatory postsynaptic potential (fEPSP) and the
amplitude of population spike (PS) evoked in the CA1 area. Data
of E-S coupling obtained from each individual slice were fitted to a
logistic curve using its maximal PS value. We compared two param-
eters, namely, the fEPSP slope value at half maximal PS (Eslope50)
and the slope factor at the midpoint (Hillslope), among the exper-
imental groups.

Results and discussion: The day of eye-opening was PND 15–16
among the groups. The enhancement in the association of S/R with
PS and fEPSP was observed on PND15 in the control group and on
PND14 in the 1-BP groups. In addition, the maximal values of PS
and the Eslope50, and the Hillslope values obtained from the 1-BP

groups were significantly higher than those from the control group
on PND14. There was no difference in the values of the parameters
between the 400 ppm and 700 ppm 1-BP groups.

Conclusions: Our results suggested that prenatal 1-BP exposure
might transiently increase the neuronal activity before eye-
opening, which may lead to potential DNT. Our electrophysiological
analysis of E-S coupling may serve as a useful evaluation index for
DNT in juvenile rats.

https://doi.org/10.1016/j.toxlet.2018.06.980
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Six-month systems toxicology
inhalation/cessation study in ApoE−/− mice to
investigate cardiovascular and respiratory
exposure effects of two reduced risk products
compared with conventional cigarettes

J.G. Szostak 1,∗ , B. Phillips 2, G. Emmanuel 1, E.T. Wong 2, B. Titz 1,
F. Martin 1, G. Vuillaume 1, P. Leroy 1, A. Buettner 3,
P. Vanscheeuwijck 1, M.C. Peitsch 1, J. Hoeng 1

1 PMI R&D, Philip Morris Products S.A., PMI Science and Innovation,
Neuchatel, Switzerland
2 PMI R&D, Philip Morris International Research Laboratories Pte.
Ltd., PMI Science and Innovation, Singapore, Singapore
3 Histovia GmbH, Histovia GmbH, Overath, Germany

Cigarette smoking causes adverse health effects that may occur
shortly after smoking initiation and lead to the development of
cardiovascular disease, respiratory disease (chronic obstructive
pulmonary disease), and various cancers. To reduce the risk of
smoking-related diseases, Philip Morris International is develop-
ing Reduced Risk Products (RRP) to which adult smokers can switch
instead of continuing to smoke cigarettes.

Engaging a systems toxicology approach combining physiolog-
ical, histological, and omics endpoints, the effects of a six-month
exposure to cigarette smoke (CS) or to aerosols from two RRPs, the
Carbon Heated Tobacco Product (CHTP) and the Tobacco Heating
System (THS), were investigated in ApoE−/− mice. In addition, the
impact of cessation or switching to CHTP aerosol exposure after
three months of CS exposure was evaluated.

Our results demonstrated that exposure to CS at a concentration
of 28 �g nicotine/L causes adverse effects on the lungs, including
increased lung volume, lung inflammation, aortic plaque forma-
tion, and a dysregulation of the heart and lung transcriptome. In
contrast, exposure to either THS or CHTP aerosol at matched nico-
tine concentrations did not induce lung inflammation or enhance
plaque development. Cessation or switching to CHTP aerosol expo-
sure reversed lung inflammatory responses and halted progression
of aortic plaques. Transcriptomics analysis revealed that multiple
biological pathways were impacted significantly in heart and lung
tissue by CS exposure but not by exposure to CHTP or THS aerosols.
Both cessation and switching to CHTP aerosol reduced these per-
turbations to levels similar to those in sham-exposed animals.

In conclusion, in this ApoE−/− mouse study, exposure to
aerosol from either THS or CHT had minimal adverse respira-
tory and cardiovascular effects. In addition, cessation or switching
to CHTP aerosol exposure delayed the progression of CS-induced
atherosclerotic and lung emphysematous changes.

https://doi.org/10.1016/j.toxlet.2018.06.981
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P22-02
Sharing in the INTERVALS platform study
details and data from the assessment of the
impact of aerosol from the carbon-heated
tobacco product (CHTP) 1.2, a potential
modified risk tobacco product, on human
organotypic gingival cultures

S. Boue ∗ , F. Zanetti, J. Hoeng, M.C. Peitsch

Philip Morris Products S.A., Biomedical Research, Neuchatel,
Switzerland

The U.S. FDA defines modified risk tobacco products (MRTP) as any
tobacco product sold or distributed to reduce harm or the risk of
tobacco-related disease associated with commercially marketed
tobacco products. Establishing a product’s potential as an MRTP
requires scientific substantiation, including toxicity studies and
measures of disease risk relative to that of cigarette smoking.

As part of a 21st-century toxicology assessment framework,
human gingival epithelia organotypic cultures were exposed
repeatedly to nicotine-matching concentrations of Carbon-Heated
Tobacco Product (CHTP) 1.2 aerosol and 3R4F cigarette smoke (CS),
as well as a non-diluted (100%) CHTP 1.2 aerosol, and subsequently
characterized. The results demonstrated the absence of cytotoxi-
city and reduction in pathophysiological alterations, toxicological
marker proteins, and inflammatory mediators following exposure
to CHTP 1.2 aerosol, as compared with 3R4F CS. To study the molec-
ular changes in the epithelia further, mRNA and miRNA profiles
were evaluated.

All relevant data files from this assessment study were deposited
on INTERVALS (www.intervals.science), an online platform devel-
oped by PMI to enable independent, third-party collaboration and
data analysis by sharing protocols, tools, and data from assessment
studies proactively. Data files are accompanied by the relevant
information to foster reproducible research and by high-level sum-
maries of obtained results. As the platform also hosts protocols and
results from in vivo inhalation studies and in vitro studies describing
the chemical composition, genotoxicity, cytotoxicity, and physi-
cal properties of the aerosol from this and other candidate and
potential MRTPs, it can serve as an invaluable source of scientific
assessment data. Strengthened by community and peer-review fea-
tures, INTERVALS aims to enable the necessary dialogue between
industry, independent reviewers, the public health community, and
regulatory agencies that can validate the harm reduction potential
of these products.

PMI is inviting other institutions producing relevant data on
potential MRTPs (from aerosol characterization to molecular data)
to contribute to this infrastructure to facilitate scientific exchange
and data reusability in the context of tobacco harm reduction.

https://doi.org/10.1016/j.toxlet.2018.06.982
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Towards the endocrine disruptive potential of
Alternaria mycotoxins in complex mixtures
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Alternaria alternata are black molds reported to grow on a wide
variety of food and feed items, known to produce more than
120 secondary metabolites. Early studies indicated that alternar-
iol (AOH), one of the most studied Alternaria toxins, might possess
estrogenic activity. However, due to the apparent low estrogenic

potency this observation was not followed with high priority at that
time. The advances in mycotoxin analysis in the last decade demon-
strated that contaminated food and feed might contain not only
single mycotoxins but a spectrum of secondary fungal metabolites.

Scope: In the light of the potential occurrence of Alternaria tox-
ins in complex mixtures we addressed the questions:

Are there other Alternaria toxins with estrogenic potential to be
considered?
Are there combinatory effects of estrogenic Alternaria toxins with
other mycoestrogens?
Is the endocrine disruptive potential of Alternaria toxins limited to
binding to the estrogen receptor (ER)?

Methods: The estrogenic activity of potential combinations
were studied in Ishikawa cells, an endometrial carcinoma cell
line, expressing both isoforms of the estrogen receptor. An estro-
genic stimulus activates the expression of alkaline phosphatase.
We identified AME as well as phase I metabolites of AOH as estro-
genic activators in this test system. Moreover, the presence of
nanomolar concentrations of AOH were sufficient to enhance the
estrogenic impact of the known mycoestrogens (ZEN, �-ZEL). Over
a broad range of concentrations and ratios, synergistic effects were
observed. An in silico/in vitro workflow based on ligand-based
virtual screening and structure-based modeling using AOH as a
scaffold identified the ERs as well as 17-�-hydroxysteroid dehydro-
genase (17�HSD), an enzyme involved in estrogens production. The
close analysis of the binding pose in comparison to those reported
by crystallographic studies of polyphenolic inhibitors revealed a
strong fitting into the binding pocket.

Results: In addition to AOH, further metabolites with estrogenic
potential might have to be considered. Also acting as a weak estro-
genic single compound, AOH shows substantial synergistic effects
in mixtures with other xenoestrogens. In addition to binding to
the ER also further impact on key elements in estrogenic pathways
might be of relevance.

https://doi.org/10.1016/j.toxlet.2018.06.983

P22-04
Effect assessment of target tissue doses of
cadmium and decabrominated diphenyl ether
on GSH level in kidneys

M. Curcic 1,∗ , A. Buha Ðor –dević 1, V. Milovanović 1, S. Janković 2,
S. Vučinić 3, E. Antonijević 1, D. Ðukić-Ćosić 1, Z. Bulat 1,
V. Matović 1, B. Antonijević 1

1 University of Belgrade - Faculty of Pharmacy, Department of
Toxicology, Belgrade, Serbia
2 Institute of Meat Hygiene and Technology, Belgrade, Serbia
3 Poison Control Centre, Belgrade, Serbia

The objective of this study was to assess effect of target tissue
doses of cadmium (Cd) and decabrominated diphenyl ether (BDE-
209) on GSH kidney levels. Effects were examined on male Wistar
rats, weighing 200–230 g, exposed to dose of 2.5, 7.5 or 15 mg
Cd/kg/day, to doses of 1000, 2000 or 4000 BDE-209/kg/day, and
all nine combinations, by gavages, during 28 days. Experimental
protocol was approved by the Ethics Committee of the Military
Medical Academy, No. 9667-1/2011. Concentrations of Cd in kid-
ney were measured by atomic absorption spectrophotometry after
mineralization with 8 ml of nitric acid in microwave oven. Stan-
dard Reference Material 1577c-Bovine liver, NIST, NY, SAD was
used for quality control. Concentration of BDE-209 was determined
in kidney by GC/ECD method after tissue homogenates prepa-
ration using QuEChERS. For quality control CIL-EDF-2524 Clean
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Fish (slurry) – Organic contaminants (LG standards) was used.
Slopes and steepness of dose response curves were calculated using
PROAST software. Concentrations of Cd in kidneys were 5, 20 and
30 mg/kg of kidneys, respectively corresponding to applied doses.
Slopes of effect assessment curves for mixtures were significantly
different when compared to the slope of Cd tissue dose–response
curve (Cd increases GSH level). Similarly, curves derived for mix-
tures differed with the dose–response curve obtained for BDE-209
only. BDE-209 concentrations were 0.2, 0.5 and 0.9 mg/kg, respec-
tively and also increased GSH level. Multiple factorial regression
analysis confirmed significant positive influence of BDE-209 on Cd
absorption rate in kidney and vice versa positive influence of Cd
on BDE-209 kidney concentration. These findings confirm interac-
tions between Cd and BDE-209 at the level of gastrointestinal or
renal absorption but also at the level of GSH content. Concentra-
tions of both pollutants in target tissue can be proposed as better
parameter for effect assessment interpretation than doses used in
experiment. [Project III 46009].

https://doi.org/10.1016/j.toxlet.2018.06.984
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Preclinical safety assessment of aqueous
medicinal plant extracts containing thujone
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F.C. Stintzing

WALA Heilmittel GmbH, Bad Boll, Germany

Thujone, a mixture of the monoterpenoid ˛- and ˇ-isomers, occurs
widely in plants. Amongst them, sage (Salvia officinalis L.) and
wormwood (Artemisia absinthium L.) are commonly used for medic-
inal and alimentary purposes [1,2]. A neurotoxic potential has been
ascribed to thujone interacting with GABAA receptors [3]. There-
fore, derived from a No Observed Effect Level (NOEL) for epileptic
seizures, an Acceptable Daily Intake (ADI) of 7 mg/kg has been
established in the food sector as an amount which can be ingested
over a lifetime without an appreciable health risk. In 2012 and con-
firmed in 2017 [e.g. 4], the Committee on Herbal Medicinal Products
of the European Medicines Agency proposed to reduce this highest
acceptable amount by the possible dietary intake, estimated at up
to 1 mg/day, to derive 6 mg as limit value for daily thujone exposure
from herbal medicine [5].

To evaluate the possible thujone burden by medicines contain-
ing aqueous plant preparations, extracts produced according to
pharmaceutical standards were analysed in the present study for
their total thujone contents. Risk assessment of herbal medicines
containing those extracts was performed by comparison with offi-
cially accepted limit values. To complete their safety profiles, whole
aqueous extracts were additionally evaluated in bacterial reverse
mutation assays following OECD standards [6].

Results show that thujone contents in aqueous plant extracts
do not pose any special concern and can be well monitored in the
final products. Furthermore, no evidence for genotoxic potential
of the plant extracts was revealed. Therefore, a good safety pro-
file could be derived for the herbal medicinal products evaluated.
Data presented contribute to broadening the knowledge of the pre-
clinical safety of aqueous plant extracts containing thujone and
preparations thereof.
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The in vitro biological assessment of the
stability of cigarette smoke aqueous extracts
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The generation of cigarette smoke aqueous aerosol extracts (AqE)
has been widely used for assessing tobacco products, particularly
with in vitro cardiovascular disease models, oxidative stress and
inflammation. Little is known of the long-term stability of AqE,
leading researchers to favour the generation of fresh extracts which
can be time consuming and result in batch-to-batch variability. This
could be minimised if large batches of AqE could be generated and
stored for later use.

Here we describe a study using both chemical and biological
measurements to assess the stability of cigarette smoke AqE at
various timepoints during a 2 month period.

AqE from a scientific reference cigarette (3R4F) was generated
on a Borgwaldt-KC RM20H using the Health Canada Intense (HCI)
regime, bubbling into 20 mL of cell culture media. Twenty batches
of AqE were generated and pooled, aliquoted and stored at −80 ◦C.

Nicotine levels were quantified in AqE by GC/MS and optical
density at OD320 nm and OD260 nm were utilised as indicators of tar
and nicotine levels, respectively.

Biological measurement included cell viability and quantifica-
tion of intracellular glutathione ratio in human lung epithelial cells
(NCI-H292), and an assessment of the inhibition of human umbil-
ical vein endothelial cell (HUVEC) migration rates using a wound
healing assay.

Exposure to freshly generated (100%) AqE reduced H292 via-
bility to 28 ± 1%, and lowered the glutathione ratio to 2 ± 1%
of negative control. Exposure to freshly generated diluted (35%)
AqE reduced HUVEC viability to 68 ± 4% and reduced migration
rate to 9 ± 3% of negative control. No significant change in bio-
logical responses were observed between fresh 3R4F AqE and
after 8 weeks of −80 ◦C storage (unpaired t-test for glutathione
ratio assay (p = 0.80), cell viability assay (p = 0.70), wound heal-
ing assay (p = 0.99)). Neither were there any significant changes
in the AqE physical measurements. Freshly generated AqE mea-
sured 8.8 ± 1.4 �g nicotine, 0.59 OD320 nm and 2.34 OD260 nm. After
8-weeks of −80 ◦C storage these values were 8.1 ± 1.4 nicotine, 0.58
OD320 nm and 2.29 OD260 nm.

In conclusion, AqE generated using our protocol was stable for a
period of 8 weeks for the tested endpoints; we are currently explor-
ing longer storage times. Therefore, it may not be necessary to use
freshly generated AqE for each study.

https://doi.org/10.1016/j.toxlet.2018.06.986
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Airborne ultrafine particles in urban areas and workplaces mainly
derive from combustion sources (e.g. incomplete diesel fuel
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combustion, diesel exhaust particles, DEP), abrasion sources (non-
exhaust particles, e.g. brake and tire wear particles), or from the
unintentional release of engineered nanoparticles (NPs). Metal and
metal oxide are among the most relevant NPs emitted by the above
mentioned processes, since they are used as fuel additives, are
produced by brakes and tires wearing and are among the most
globally produced nanomaterials (NMs). The aim of this study was
to analyze the combined in vitro effects of DEP and metal oxide
NPs (ZnO, CuO) on human lung cells. The human alveolar A549
cells were exposed for 24 h to mixtures of standard DEP (NIST
2975) at the subtoxic concentration of 100 �g/ml and increasing
concentrations of ZnO and CuO (10, 15, 20, 25 �g/ml). In parallel
cells were treated only with the NPs at the same concentrations
used in the mixture. After exposure, MTT test and clonogenic
assay were used to assess the cytotoxicity. MTT test showed a
concentration-dependent decrease in cell viability after exposure
to both DEP-ZnO and DEP-CuO mixtures, although ZnO and CuO NPs
themselves resulted more cytotoxic than the respective mixtures
with DEP. On the contrary, no significant effects were obtained from
the clonogenic assay, in term of number of colonies formed after
treatment with mixtures, in comparison with the negative con-
trol. Additional microscopic analyses are taking place to establish
possible NP interference with cells and colonies at morphologi-
cal level (e.g. cytoskeleton organization, adhesion and migration
behavior). These preliminary data suggest that the presence of DEP
may introduce new physico-chemical interactions able to reduce
the cytotoxicity of ZnO and CuO NPs, likely interfering with their
bio-availability and/or bio-reactivity. In conclusion, in the light of
providing experimental results reflecting more strictly the environ-
mental conditions, the possible synergistic or antagonistic effects
deriving from the mixture of different hazardous airborne particles
should be considered, as well as the opportunity to integrate the
results with additional toxicity assays and exposure methods.

Acknowledgements: EU Horizon 2020 project PROTECT (grant
agreement No 720851).
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Phthalates and bisphenol A (BPA), to which people are simulta-
neously exposed as a result of their use in a variety of consumer
products, are in the class of the most well-known obesogens.
Among the phthalates, diethylhexyl phthalate (DEHP), and dibutyl
phthalate (DBP) are considered to have the greatest impact on the
development of metabolic disorders in humans.

The aim of this study was to explore the relationship between
the exposure to the mixture of BPA, DEHP, and DBP and obe-
sity, as well as its comorbid conditions, using the toxicogenomics
approach.

The Comparative Toxicogenomics Database (CTD; http://ctd.
mdibl.org), along with its different tools, was used to identify the
genes which are affected by these substances and connected to
obesity and its comorbidities. GeneMania predictive server (http://
www.genemania.org) was used to explore the interaction between
the identified genes common to all three substances.

The results obtained by Set Analyzer CTD tool indicate that
DEHP, DBP and BPA correlate with the development of obesity –
by interacting with 60, 84 and 172 genes, respectively. MyVenn
CTD tool identified 43 genes affected by all three substances. Fur-

ther analysis of these 43 common genes by GeneMania predictive
server revealed that more than half of them (52.52%) were in co-
expression. Additional Batch Query CTD analysis of 43 common
genes revealed that these genes were involved in other comorbidi-
ties of obesity – neoplasms (35 genes), cardiovascular diseases (29
genes), endocrine system diseases (26 genes), diabetes mellitus (17
genes), insulin resistance (13), etc. All three substances bound to
and resulted in the increased activity of the two genes involved in all
investigated obesity comorbidities – PPARA, and PPARG, key factors
of lipid metabolism. Furthermore, all three substances interacted
with INS gene, implicated in the pathology of insulin resistance and
diabetes mellitus.

These results provide a basis for further in vitro and in vivo
investigation of molecular mechanisms of obesogenic properties
of investigated mixture of chemicals.

https://doi.org/10.1016/j.toxlet.2018.06.988

P22-09
A comparative high-content screening-based
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In 2009, the U.S. National Research Council’s Toxicity Texting in the
21st Century outlined approaches using human-based in vitro sys-
tems and computational and molecular biology to support chemical
safety assessment. This facilitated a paradigm shift from traditional
in vivo toxicology approaches towards the greater use of high-
throughput in vitro screening technologies. High-content screening
(HCS) approaches employ cellular systems assessing multiple bio-
logical endpoints in parallel and are used routinely for the rapid
screening of drug candidates and chemical safety assessment.
Recently, HCS has been used to assess novel next-generation nico-
tine and tobacco products. E-cigarette use has increased globally
and could potentially offer a lower-risk alternative to cigarette
smoking. E-liquids typically comprise a mix of propylene glycol
(PG), vegetable glycerin (VG), flavorings, and nicotine. Given the
constant evolution of the category and the growing number of
e-liquids, new approaches need to be considered for rapid safety
screening.

In this study, two independent laboratories (Philip Morris Inter-
national and British American Tobacco) evaluated the use of HCS
to assess e-liquids. Primary bronchial epithelial cells isolated from
two different healthy, nonsmoker donors were exposed to solu-
tions containing different concentrations of PG, VG, and nicotine
to demonstrate the dynamic range of the screen. Multiparametric
measurements of cellular viability were performed via real-time
cellular analysis and HCS employed across 10 endpoints and over 2
timepoints. Osmolarity of the e-liquid was also assessed in parallel.

A comparable dose-dependent cytotoxicity was determined
upon exposure to PG and VG mixtures at both test sites.
Dose-dependent increase in osmolarity was also observed. Dose-
dependent increases in osmolarity were also observed. Responses
occurring at concentrations where osmolarity exceeds the normal
physiological levels (300 mOsm/kg) may result from hyperosmotic
shock.

These data suggest that HCS may be considered as an approach
for the biological assessment of e-liquids. As part of a framework
for e-liquid investigation, the current multiparametric analysis is
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now expanded at both sites to assess e-liquid ingredients as well
as the range of commercially available e-liquids.

https://doi.org/10.1016/j.toxlet.2018.06.989
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Acute mixture toxicity of pesticide formulations
and perspective of use in silico methods to
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Humans are exposed to mixtures of chemicals both through diet
and in occupational environments. Currently, many plant protec-
tion products are complex mixtures of few active ingredients and
other ingredients here called adjuvants. In this work, we report
studies of acute mixture toxicity of eight plant protection products
taking into account not only active ingredients but also other com-
ponents of the formulation. As whole mixture testing is not feasible
as a regular practice for risk assessment of mixtures, we explore
possibilities to use in silico methods to guide further experiments
and risk assessment.

We conducted studies of acute toxicity (Wistar Han rats,
OECD 425) of eight pesticide formulations, contained 2 or 3 pes-
ticides (azoxystrobin, cyproconazole, difenoconazole, flutriafol,
imidacloprid, lambda-cyhalothrin, propiconazole, spiroxamine,
tebuconazole, thiabendazole, thiram, triadimefon, triadimenol).
Results showed that coefficient of additivity calculated on the basis
of active ingredients (AI) LD50 characterize potentiation of toxicity
(4 formulations); in two formulations we have observed antago-
nistic interaction; one formulation caused dose addition effect for
males and synergistic effect for females. Given that not for all com-
ponents of formulation LD50 experimental values were found in
literature we used QSAR modeling using publicly available tools to
derive such values. Results of calculation of additivity coefficient
taking into account other ingredients of plant protection products
showed the slight difference, however same direction of additivity
coefficient in most cases.

To verify findings, further acute toxicity studies with mixtures
of only active ingredients and subacute studies with formulations
and mixtures of active ingredients were conducted and results will
be reported.

To decide if active ingredients of tested plant protection prod-
ucts may be grouped in same cumulative assessment groups we
conducted in silico toxicity modeling of AI and adjuvants using dif-
ferent publicly available QSAR and molecular docking models (with
the accent on endocrine disruption mode of action and develop-
mental and reproductive toxicity).

https://doi.org/10.1016/j.toxlet.2018.06.990
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P23-01
Perinatal exposure to secondary organic aerosol
influences neurobehavioral development and
inflammatory markers in rats

T.-T. Win-Shwe ∗ , Y. Fujitani, S. Hirano

National Institute for Environmental Studies, Center for Health and
Environmental Risk Research, Tsukuba, Japan

Background and Aims: Secondary organic aerosol (SOA) is a major
component of PM2.5 and formed in the atmosphere by oxidation
of products from anthropogenic and biogenic volatile organic com-
pounds. In this study, we aimed to examine the effects of gestational
and lactational exposure to SOA on social dominance behavior and
gene expression of inflammatory markers in male rats.

Methods: Sprague-Dawley pregnant rats were exposed to clean
air, DEP and SOA in the whole-body exposure chamber (Sibata)
for 5 h per day on 5 days of the week from gestational day 8 to
postnatal day 21. The male offspring rats at PND 21 were allo-
cated into three different groups (n = 6 per group) as follows: (1)
rats exposed to clean filtered air; (2) rats exposed to DE; (3) rats
exposed to SOA. Social dominance behavior was investigated at
10 week-old rats using a social dominance tube test (Muromachi
Kikai Co. Ltd., Japan). Prefrontal cortex was removed under deep
anesthesia to examine inflammatory biomarkers using real-time
RT-PCR.

Results and discussion: We found that SOA exposed rats were
more socially dominant compared with the control and DEP-
exposed rats. The mRNA expression levels of interleukin (IL) 1
b, microglia marker ionized calcium-binding adapter molecule
(Iba)1 and heme oxygenase (HO)-1 in the prefrontal cortex were
upregulated compared to the control rats. We suggest that,
although the potential toxic substances contained in SOA have
not yet been identified, they may reach the brain via placenta
of pregnant mice during fetal period and via the olfactory nerve
route or systemic circulation during neonatal period and induce
neurotoxicity.

Conclusion: Our results indicate that perinatal exposure of SOA
may affect social dominance behavior of male rats by modulat-
ing social behavioral-related genes and proinflammatory markers
in the prefrontal cortex. Among the constituents of SOA, organic
carbon is the potential candidate to induce neurotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.991

P23-02
Quercetin ameliorates cadmium
chloride-induced hepatotoxicity in Wistar rats

G.E. Egbung 1,∗ , V.U. Nna 2, I.J. Atangwho 3, M. Obi-Abang 1

1 <org>Cross River University of Technology, Chemical
Sciences</org>, Calabar, Nigeria
2 <org>University of Calabar, Physiology</org>, Calabar, Nigeria
3 <org>University of Calabar, Biochemistry</org>, Calabar, Nigeria

Purpose: Cadmium, an environmental contaminant occurs in the
air, water, soil and food stuff and exposure of humans to theses
cadmium sources may result in its bioaccumulation in the liver, the
tissue hub for metabolism of foreign substances. The present study
evaluated the ameliorative effects of quercetin on some serum
biomarkers of liver function in cadmium chloride (CdCl2)-treated
rats.

Methods: Thirty matured female Wistar rats aged 10 weeks old
(180 to 220ï¿½g) were used for this study. The rats were randomly
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assigned to 5 groups of 6 rats each as follows: Group A, the nor-
mal control, received orally 0.2ï¿½ml of 2% DMSO/day (vehicle),
group B received CdCl2 (5ï¿½mg/kg b.w./day), group C rats were
pretreated with QE (20ï¿½mg/kg b.w./day) 6ï¿½h before CdCl2
(5ï¿½mg/kg b.w./day) administration, group D rats were pretreated
with CdCl2 (5ï¿½mg/kg b.w./day) 6ï¿½h before QE (20ï¿½mg/kg
b.w./day) administration, while group E rats were treated with
CdCl2 (5ï¿½mg/kg b.w./day) and QE (20ï¿½mg/kg b.w./day) simul-
taneously. The Cadmium chloride and quercetin were reconstituted
in 2% DMSO and the study period was 14 days. Thereafter, the ani-
mals were sacrificed and blood collected for serum liver enzyme
assays.

Results: The result showed significant decrease
(pï¿½<ï¿½0.001) in the serum activities of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and Lactate dehydrogenase (LDH) in groups
C and D compared to the cadmium chloride treated control; the
activities of the liver enzymes in the quercetin treated groups
compared well with the normal control, suggesting a near total
restoration of liver function.

Conclusion: We therefore conclude that quercetin may pos-
sess potentials to restore hepatic injury induced by sub-chronic
exposure to cadmium chloride.

https://doi.org/10.1016/j.toxlet.2018.06.992
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Neurotoxicity in vivo and in vitro by glyphosate

M.-R. Martínez-Larrañaga ∗ , J.-L. Rodríguez, I. Ares,
B. Lopez-Torres, M. Martínez, D. Roura-Martínez, A. Anadon,
M.-A. Martínez

Universidad Complutense de Madrid, Department of Pharmacology
and Toxicology, Madrid, Spain

Glyphosate is a post-emergent, systemic and non-selective her-
bicide intended for use against growth of unwanted annual and
perennial weeds, woody brush and trees in agricultural, indus-
trial, forestry and residential weed control settings. Glyphosate
data are constantly revaluated by regulatory agencies in a science-
based process for many reasons including its volume of production
and new uses. Nevertheless, questions regarding its safety are
periodically raised. This work evaluates: (i) in CNS-tissues from
male Wistar rats, the glyphosate effects after oral exposure (35,
75, 150 and 800 mg/kg bw, 6 days) on neurotransmitter levels
[serotonin (5-HT), dopamine (DA) and metabolites 5-hydroxy-3-
indolacetic acid (5-HIAA), 3,4-hydroxyphenylacetic acid (DOPAC)
and homovanillic acid (HVA)] by HPLC and (ii) whether glyphosate
affect the expression of selected target genes linked to developmen-
tal neurotoxicity in human neuroblastoma SH-SY5Y cells, such as
camk2˛ and camk2ˇ, gap-43, tubulin-˛ and tubulin-ˇ using RNA iso-
lation, reverse transcription and qPCR analysis. Glyphosate caused
significant changes in a brain regional- and dose-related man-
ner in neurotransmitter levels. Analysis of 5-HT and DA contents
showed a loss of these neurotransmitters, in striatum (5-HT con-
tent decreased –49%) and prefrontal cortex and hippocampus (DA
content decreased –83% and –71%) after highest dose 800 mg/kg
bw. Glyphosate at 800 mg/kg bw produced significant increase of
5-HIAA/5-HT turnover in striatum (88%) and of DOPAC+HVA/DA
turnover in prefrontal (153%) and hippocampus (150%), critical
brain regions that regulate cognitive functions. Glyphosate treated
SH-SY5Y cells showed up-regulation of camk2˛, camk2ˇ, and gap-
43 transcripts. In conclusion, the glyphosate neurochemical effects
observed in this study are an important public health concern. Sup-
ported Projects Ref. S2013/ABI-2728, Comunidad de Madrid, and

Ref. RTA2015-00010-C03-03, Ministerio de Economía, Industria y
Competitividad, Spain

https://doi.org/10.1016/j.toxlet.2018.06.993
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Impact of serum on calcium transient assays
performed on human-induced pluripotent stem
cell-derived cardiomyocytes

M. Petit 1,2,∗ , M. Paquet 1,2, L. Paulhac 1,2, P. Kitchener 1,2

1 Porsolt, Le Genest-St-Isle, France
2 Fluofarma, Pessac, France

Human-induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) are increasingly used as a preclinical tool for detecting
cardiotoxicity. These cells express physiologically relevant car-
diomyocyte channels and through integrated measurements, allow
for the assessment of compounds which may simultaneously affect
multiple channels or have an indirect effect on other signaling
pathways. icell

®
Cardiomyocytes2 (Cellular Dynamics international

(CDI)) were used in this work as the potential cardiotoxicity model.
CDI recommends the use of serum supplemented growth

medium for calcium assays, however, serum can potentially bind
molecules and affect their potency. The aim of this study was there-
fore to evaluate the effects of serum on the contractile activity of
hiPSC-CMs after treatment with Cisapride, Quinidine and Nifedip-
ine.

Cryopreserved icell
®

Cardiomyocytes2 were plated and main-
tained according to manufacturer’s instructions, in serum-
containing media on gelatin-coated 384-well plates. Seven days
after plating, hiPSC-CMs were loaded with a calcium indicator and
calcium transients were monitored from spontaneously beating
cells either in Tyrode, without serum, or in Maintenance Medium
with serum. Basal beat frequency, in untreated hiPSC-CMs, was
similar in both assay media. One-hour treatments with Cisapride,
tested up to 300 nM, and Quinidine, tested up to 10 �M, resulted in
dose-dependent decreases in beat frequency in serum-containing
Maintenance Medium. In Tyrode (without serum), the same treat-
ments had no effects on beat frequency. Treatment with Nifedipine
resulted in a dose-dependent increase in beat frequency in both
assay media, with a curve of higher slope in serum-containing
Maintenance Medium than in Tyrode. In addition, beat arrest was
observed with 1 �M Nifedipine in Maintenance Medium but not in
Tyrode.

These results highlight the importance of carefully considering
the choice of assay medium to perform toxicologically relevant
calcium transient assays on icell

®
Cardiomyocytes2, and their

potential influence on the results.

https://doi.org/10.1016/j.toxlet.2018.06.994
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Attenuation of livery injury with hypothermia
in acute hepatotoxicity

Y.L. Tan 1,2,∗ , H.K. Ho 1,2

1 NUS Graduate School for Integrative Sciences & Engineering, Centre
for Life Sciences, Singapore, Singapore
2 National University of Singapore, Department of Pharmacy, Faculty
of Science, Singapore, Singapore

Introduction: The notion of hepatotoxicity has been prevalent
and distressing, especially when the liver is frequently exposed to
drugs, herbs or toxicants and many may pose a risk to liver injury.
Furthermore, its early asymptomatic manifestation may impede
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timely treatment, thereby escalating deterioration and worsens
outcome. Hence, therapeutic hypothermia has been explored in
this study as a potentially simple and effective method to preserve
liver functions. Hitherto the concept of hypothermia for toxicity
management has been contentious and we aim to debunk the con-
flict with a systematic investigation of hypothermic effects in an
acetaminophen (APAP)-induced liver injury model.

Methods: Cytotoxic levels of APAP (1–10 mM) was used to
induce liver injury of different severities in TAMH. The tempo-
ral relationship between moderate hypothermia, 32 ◦C for 24 h,
and onset of hepatotoxicity was explored for any protective (i.e.
hypothermia induced before toxicity), preservative (i.e. hypother-
mia induced during toxicity) or recovery (i.e. hypothermia induced
after removal of toxicants) effects. The extent of hypothermic
effects was also investigated by rewarming cells back to 37 ◦C for
24 h. Both the extent of cell viability and cell death was examined
and we attempted to elucidate its protective mechanism with gene
and protein expression of cold shock proteins (CSPs), caspase 3
activity, microarray and cell-cycle analysis.

Results: Moderate hypothermia could promote liver preserva-
tion, with most prominent effect seen in 5 mM APAP-induced liver
injury. The increased cell viability and reduced cell death contin-
ued for 24 h after rewarming. These cytoprotective effects could
stem from different mechanisms as seen with differential gene
expressions and distinct contrast in caspase 3 activity following
temperature transition – with a predominant CSPs-induced trans-
lational regulation and mRNA stabilization during hypothermia and
a complex interplay with transcriptional regulation upon rewarm-
ing, involving Tsc22 leucine zipper domains, independent of heat
shock.

Conclusion: Moderate hypothermia may effectively alleviate
liver injury in an unconventional way and allow lasting protection
beyond treatment duration. This study thus unveils a prelude for
an efficient drug-free approach to attenuate injury.

https://doi.org/10.1016/j.toxlet.2018.06.995

P23-06
Toxicity of synthetic cathinones in human
kidney (HK-2) cells

T. Carvalho 1 , I. Vaz 1, A.M. Araújo 2, F. Remião 2, M.D.L. Bastos 2,
M. Carvalho 1,2,∗

1 UFP Energy, Environment and Health Research Unit (FP-ENAS),
University Fernando Pessoa, Porto, Portugal
2 UCIBIO, REQUIMTE, Laboratory of Toxicology, Faculty of Pharmacy,
University of Porto, Porto, Portugal

Synthetic cathinones, also known as bath salts, emerged in the
recreational drug market in the mid-2000s as alternatives to illicit
drugs such as amphetamines and cocaine and represent nowa-
days a large class of new popular drugs of abuse. The use of
synthetic cathinones is associated with adverse health effects,
including renal injury, although the underlying mechanisms are
not yet understood. The aim of this study was to evaluate the
potential nephrotoxic effects of five commonly used cathinone
synthetic derivatives, namely 3,4-methylenedioxypyrovalerone
(MDPV), methylone, pentedrone, 3,4-dimethylmethcatinone (3,4-
DMMC) and 4-methylethcatinone (4-MEC), using the human
kidney (HK-2) cell line as an in vitro model. The HK-2 cells were
exposed to a wide range of concentrations, specifically 0.01–3 mM
for 3,4-DMMC and 0.1–10 mM for all the others synthetic cathi-
nones, for 24 and 48 h. Cytotoxicity was evaluated by measuring
by measuring mitochondrial reduction of 3-(4,5-dimethythiazol-
2yl)-2,5-diphenyl tetrazolium bromide (MTT) and by assessing
lysosomal uptake of neutral red (NR). It was observed that all

tested compounds induced cell death in a concentration- and time-
dependent manner. 3,4-DMMC was found to be the cathinone
derivative that exhibited the highest toxicity for HK-2 cells, fol-
lowed by MDPV, pentedrone, methylone, and 4-MEC. To the best
of our knowledge, this is the first study to demonstrate the in vitro
nephrotoxic potential of synthetic cathinones.

Acknowledgements: This work was supported by national
funds through FCT – Fundação para a Ciência e a Tecnologia, in
the scope of FCT Project UID/Multi/04546/2013. A.M.A. thanks
Fundação para a Cieˆncia e Tecnologia (FCT), Portugal, for her PhD
grant (SFRH/BD/107708/2015).
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Protective effects of SIRT1 antagonist on
diabetic-induced renal fibrosis

J.S. Kim ∗ , K.S. Kim, A. Kundu, H.S. Kim

Sungkyunkwan University, Collage of Pharmacy/Molecular Toxicoloy,
Suwon-si, Gyeonggi-do, Republic of Korea

Chronic kidney disease (CKD) is a leading cause of mortality in
patients with diabetes mellitus (DM). Recent studies have shown
that SIRT1 is closely related to the occurrence and development of
diabetic nephrotoxicity. Silent information regulator 2 (Sir2) is a
nicotinamide adenine dinucleotide- (NAD+-) dependent deacety-
lase. The homology of SIRT1 and Sir2 has been extensively studied.
SIRT1 deacetylates target proteins using the coenzyme NAD+ and is
therefore linked to cellular energy metabolism and the redox state
through multiple signaling and survival pathways. In the kidneys,
SIRT1 may inhibit renal cell apoptosis, inflammation, and fibrosis.
Therefore its activation may also become a new therapeutic target
in the patients with CKD including diabetic nephropathy. Here, we
evaluated the roles of SIRT1 on the kidney fibrosis in diabetic animal
model. We found that acetylation of p65 and STAT3 was increased
in the kidney of high fat diet-induced ZDF rats. The expression of a-
SMA, collagen I, and fibronectin levels were markedly increased in
diabetic-induced ZDF rats. Furthermore, SIRT1 inhibitor attenuated
the diabetic-induced kidney fibrosis. Our findings strongly support
that SIRT1 inhibitor may use as a protective agent for renal fibrosis
in chronic hyperglycemia condition.

https://doi.org/10.1016/j.toxlet.2018.06.997

P23-08
Effects on cigarette smoke extract on cell
proliferation and apoptosis in mouse
embryonic stem cells via reactive oxygen
species-induced endoplasmic reticulum stress
signaling pathways

C.-W. Kim , R.-E. Go, K.-C. Choi ∗

Chungbuk National University, Laboratory of Biochemistry and
Immunology, College of Veterinary Medicine, Cheongju, Republic of
Korea

Cigarette smoke contains thousands of chemicals, and many com-
ponents have reproductive and developmental toxicity that is
harmful to humans and animals. Previous studies have reported
that cigarette smoke or cigarette smoke extract (CSE) have nega-
tive effects on embryo development through in vivo and in vitro
studies. However, there is no mechanism study on how CSE affects
the cellular signaling pathway for apoptosis and oxidative stress
in embryonic cells, or how the two pathways cross-link. Therefore,
we investigated the effects of CSE on apoptosis and oxidative stress
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in mouse embryonic stem cells (mESCs). We measured changes
in cell viability by three CSEs (3R4F and two domestic cigarettes
CSE1 & CSE2) using the MTT assay and the NRU assay, resulting
in decreased cell viability in a concentration-dependent manner.
Then, we examined the expression of cell cycle-related protein by
Western blot analysis, the expression of cyclin D1 and cyclin E1
was increased and the expression of p21 and p27 was increased
by each CSE in mESCs. We hypothesized that this inhibition of
cell proliferation might be related to apoptosis, so conducted Ter-
minal deoxynucleotidyl transferase (TUNEL) staining following by
CSE exposure in mESCs. In the mESCs, the number of TUNEL-
stained cells was increased by CSE exposure in a concentration-
and time-dependent manner, and expression of Bax and Caspase-3
was increased and expression of Bcl-2 was decreased by Western
blotting. Finally, we performed 2’, 7’ -dichlorofluorescin diacetate
(DCF-DA) assay and ROS-GloTM H2O2 assay to confirm the gen-
eration of reactive oxygen species (ROS) by CSE, we could found
the increase of ROS by CSE. The increased ROS by CSE was asso-
ciated with up-regulated translational levels of Keaf-1 and CHOP.
Overall, we concluded that the CSE inhibited cell proliferation
by regulating cell cycle-related protein expression and increased
the oxidative stress by regulating the expression of Keap-1 and
CHOP, which regulated the Bcl-2 family signaling pathway, then
resulted in apoptosis in mESCs. [This research was supported by a
grant (14182MFDS977) from the Ministry of Food and Drug Safety,
Republic of Korea, in 2017.]

https://doi.org/10.1016/j.toxlet.2018.06.998
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An in-vitro investigation in rat L6 and mouse
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As part of an investigation into clinical signs observed in mouse
efficacy studies with a chemical series being assessed for the poten-
tial treatment of Chagas disease, four compounds were evaluated
for their toxicity profile in 4 day repeat dose toxicity study in the
CD-1 mouse. The principal findings were a lack of tolerability at
high doses and a common histopathological change in 3 out of
the 4 compounds of degeneration/regeneration of myocytes in the
skeletal muscle with associated increases in aldolase (ALD), aspar-
tate aminotransferase (AST) and creatine kinase (CK). To investigate
these findings further and identify a suitable in vitro platform for
screening back-up molecules plus understanding if the rat would
also be sensitive to these target organ effects, murine C2C12 and
rat L6 myoblast cell lines were selected for in vitro investigations.
Briefly, using both cell lines the 4 compounds were evaluated
for their effect on mitochondrial bioenergetics using the Seahorse
XFe96 bioanalyser, and the translation of biomarker release from
in vivo to in vitro, evaluating AST, ALD, CK. Lactate dehydroge-
nase (LDH), and skeletal troponin I (sTnI) after 24 h incubation.
To aid the mechanistic investigations the compounds were also
evaluated for their ability to directly affect mitochondrial func-
tion using the calcium loading capacity assay in freshly isolated
rat liver mitochondria. Results from this in vitro investigative study
suggest that all compounds tested affect mitochondrial function at
different potencies in both mouse and rat cell lines. This was also
associated with an increase in the level of skeletal muscle damage

markers with sTnI being the most sensitive marker of damage in
the absence of cytotoxicity (MTT). These investigations provided
strong evidence that the skeletal muscle toxicity observed in vivo
was most likely associated with the mitochondrial activity of the
compounds assessed and that the rat is also likely to be sensitive to
the in vivo changes and therefore there was no value in progress-
ing an exemplar to a rat toxicity study. These data supported the
termination of all 4 molecules in the lead optimisation phase and
presented the discovery scientists with a platform to screen further
molecules for their potential to induce skeletal muscle toxicity.

https://doi.org/10.1016/j.toxlet.2018.06.999
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Effects of 2,4-dichlorophenoxyacetic acid on the
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(punica granatum) juice
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2,4-Dichlorophenoxyacetic acid (2,4-D) is a systemic herbicide
used since 1941 in agriculture. Subchronic exposure to 2,4-D may
lead to several negative health impacts on human and animals.
Pomegranate (POM, Punica granatum) juice is a rich source of
antioxidants like polyphenols which make it one of the most pop-
ular drinks in the world. So, it has wonderful nutritional values and
therapeutic benefits towards a variety of ailments such as cancer,
hypertensive, diabetes, stomach, cardiac, inflammatory and erec-
tile problems.

In this study, we attempt to assess the effects of 2,4-D on the
biochemical parameters and oxidative stress as well the protective
role of POM juice against 2,4-D induced toxicity. Thirty six male
Wistar rats were randomly allocated into four groups of 9 each as
follows: control (CT), 2,4-D (150 mg/kg), POM juice (100 mg/kg) and
in combination (2,4-D + POM) respectively. The treated animals had
received the chemicals by gavage (5 days/weekly) for 9 weeks.

Results showed that the herbicide 2,4-D declines significantly
the levels of glucose, total proteins and uric acid, meanwhile,
cholesterol, urea, creatinine, transaminases (AST, ALT) and lipids
(LDL) levels were elevated. Likewise, thiobarbituric reaction species
(TBARS) levels in plasma, liver and kidney were significantly
increased in 2,4-D treated animals. The supplementation of POM
juice along with 2,4-D could ameliorate clearly the most altered
biochemical parameters induced by 2,4-D and inhibiting lipid per-
oxidation as evident by a decrease in TBARS levels in plasma, liver
and kidney.

These findings suggest that the consumption of POM fresh juice
as daily beverage can prevent against the toxic effects induced by
2,4-D regarding to its antioxidant properties and capacity in scav-
enging free radicals and reducing oxidative stress.

https://doi.org/10.1016/j.toxlet.2018.06.1000
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Increased susceptibility to troglitazone-induced
mitochondrial permeability transition in type 2
diabetes mellitus model rat
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Drug induced liver injury (DILI) is recognized as a major adverse
drug reaction, one of the risk factors have been thought to depend
on host characteristics such as disease and nutritional condition.
Troglitazone, an antidiabetic drug, was withdrawn from the market
because it caused severe hepatotoxicity. One of the mechanisms for
this hepatotoxicity is thought to be mitochondrial toxicity, but little
research has been conducted on their host factors in type 2 diabetes
mellitus (T2DM), involved in troglitazone-induced hepatotoxic
effects. To investigate the characteristics of troglitazone-induced
liver toxicity in detail, we examined the toxicological effects of
troglitazone on liver mitochondria using a rat model of T2DM. Liver
mitochondria was prepared from male Zucker Diabetic Fatty (ZDF,
fa/fa) and lean (?/+) rats. Among antidiabetic drugs, troglitazone
(10–50 �mol/L), pioglitazone (10–50 �mol/L) and phenformin
(30–300 �mol/L) were used. Assessment of mitochondrial toxic-
ity was conducted by measurement of mitochondrial permeability
transition (MPT), mitochondrial membrane potential and respi-
ratory function. To examine redox status of liver mitochondria,
amounts of lipid peroxidation products, reduced glutathione (GSH)
and its oxidized form contents were determined. Troglitazone was
found to increase MPT in the liver mitochondria of ZDF fa/fa rats to
a greater extent than in ZDF lean rats, and susceptibility to MPT
after treatments with pioglitazone and phenformin was slightly
but significantly potentiated in ZDF fa/fa rats. However, suscep-
tibilities of mitochondrial membrane potential and respiratory
function to these antidiabetic drugs were not affected. In mito-
chondria of ZDF fa/fa rat, we found a decrease in GSH content and
an increase in phospholipid peroxidation. Moreover, incorporation
of oxidized cardiolipin, a mitochondrion-specific phospholipid,
was involved in the troglitazone-induced alteration in suscep-
tibility to MPT. These results suggested that liver mitochondria
displayed disease-associated mitochondrial lipid peroxidation in
T2DM, which facilitates the higher susceptibility to troglitazone-
induced MPT. Thus, greater susceptibility of liver mitochondria will
be a host factor leading to troglitazone-induced hepatotoxicity in
T2DM.

https://doi.org/10.1016/j.toxlet.2018.06.1002
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The nephrotoxic effect of some drugs such as polymyxins is a
major drawback that restricts the treatment of bacterial infections
in humans. Nevertheless, the use of such drugs is often unavoid-
able, since they are regarded as a last-resort intervention against
e.g. multi-resistant pathogens. To circumvent these problems the
most appropriate strategy would be the development of drugs with
decreased nephrotoxic potential. However, nephrotoxic effects
are difficult to predict during preclinical drug development and
nephrotoxicity is typically detected late in drug discovery. Within
the project Risk-IT we focus on predicting nephrotoxicity based
mechanism-based in vitro endpoints and in vitro to in vivo extrapo-
lation modelling. We applied the adverse outcome pathway (AOP)
concept to analyse two kidney cellular models: the rat NRK52E and
the human RPTEC/hTERT1 cell line. Based on what is known about
the mechanism of polymyxin nephrotoxicity, we developed an AOP
for nephrotoxicity due to lysosomal overload, including key events
describing morphological and functional changes that recapitulate
lysosomal failure. Together with data generated for an alternative
AOP we demonstrate that High Content Imaging (HCI) assays are an
affordable and robust platform capable of delivering time resolved
data for analysis of lysosomes in cells exposed to drugs such as
polymyxins. Our data provide strong evidence that HCI is a pow-
erful technology for characterization of key events associated with
AOPs, with sensitivity and throughput sufficient to clearly discrim-
inate differences in response between cell models of the proximal
tubule.

https://doi.org/10.1016/j.toxlet.2018.06.1004
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The effects of dioxin action on hr-deficient
epidermal keratinocytes are associated with
changes in expression of AhR-regulated genes
both in vitro and in hairless mouse skin in vivo
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M.A. Paltsev 1, A.A. Panteleyev 2

1 Emanuel Institute of Biochemichal Physics Russian Academy of
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Hairless mice, bearing a mutation in hr gene, have an increased
skin sensitivity to the ligand of aryl-hydrocarbon receptor (AhR),
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). These specific effects
of TCDD action are manifested in severe chloracne-like cutaneous
lesions and skin carcinomas, lacking in wild type mice. Hairless
gene (hr) encodes histone demethylase, which is highly expressed
in epidermal compartment of the skin, but missing from most
other tissues. It was suggested that hr enzyme is involved in regu-
lation of gene silencing in keratinocytes, although its immediate
targets remain unknown. We have used hairless mice and ker-
atinocyte cultures obtained from the skin of hairless and wild-type
animals to determine the range of TCDD-induced skin effects in
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hr/wt backgrounds. 1.6 ug of TCDD were applied to skin of hair-
less mice for 25 days, while hr and wt keratinocyte cell cultures
were treated with 0–100 nm TCDD and its non-toxic analogue
6-Formylindolo[3,2-b]carbazole (FICZ). In hr mice, topical applica-
tion of TCDD produced an increased skin inflammation, infiltration
of neutrophils in the epidermis, involution of sebaceous glands,
and changes in localization of keratinocyte differentiation markers.
Concomitantly, treatment of hr/wt keratinocytes with TCDD/FICZ
resulted in upregulation of AhR-regulated genes (Cyp1A1, etc.),
with varying levels of induction between hairless and wild-type
cells, and highly dependent on conditions and time of incubation.
These results suggest that hr might be involved in regulation of
AhR-dependent TCDD response and elucidate novel potential tar-
gets of hr- and TCDD-mediated gene regulation.

Supported by the Russian Foundation of Basic Research grant 18-
04-01332 and by intramural research grant from NRC “Kurchatov
institute”.

https://doi.org/10.1016/j.toxlet.2018.06.1005

P23-16
The Adverse Outcome Pathway (AOP) concept as
a basis for the development of
mechanism-based animal sparing approaches:
Kidney toxicity due to lysosomal overload and
inhibition of mtDNA polymerase-� as case
studies
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Adverse outcome pathways (AOP) are widely recognized as a prag-
matic tool that may facilitate transition of toxicity testing from
measurement of apical endpoints in animals to prediction based
on mechanistic information. As a case study, we established AOPs
for proximal tubule injury initiated by (1) lysosomal overload and
(2) inhibition of mtDNA polymerase-� and used these as a mech-
anistic basis for the development of in vitro assays reflecting key
events (KE) across the AOPs. Nephrotoxicity of polybasic drugs such
as polymyxin antibiotics results from receptor-mediated endocy-
tosis (MIE), disturbance of lysosomal function (KE1), lysosomal
swelling and disruption associated with release of lysosomal com-
ponents (e.g. cathepsins) (KE2) that induce proximal tubule cell
toxicity (KE3). Renal toxicity of antiviral drugs such as tenofovir is
thought to be due to inhibition of mtDNA polymerase-� (MIE), lead-
ing to mtDNA depletion (KE1), mitochondrial dysfunction (KE2)
and proximal tubule cell toxicity (KE3). In vitro endpoints reflecting
each KE were assessed in rat (NRK-52E) and human proximal tubule
cells (RPTEC/TERT1) treated with model compounds. High content
imaging using LysoViewTM stain was used for lysosomal analy-
sis (KE1). Some of the readouts (e.g. lysosome numbers per cell)
appeared to reflect cytotoxicity (KE3) rather than specific effect
on lysosomes, highlighting the need for time-resolved data to sup-
port the causal and temporal relationship between KEs. In contrast,
lysosomal-associated membrane protein 2 (LAMP2) (KE1) and
Cathepsin D release (KE2) were observed even at subtoxic concen-
trations. Importantly, significant differences in polymyxin uptake
and susceptibility were observed between cell-lines, underscor-
ing the importance of in vitro biokinetics to define an appropriate
point of departure for risk assessment. Only minor effects on mito-

chondrial toxicity (KE2) and cytotoxicity (KE3) were observed in
response to antiviral drugs. In contrast to the mechanistic hypoth-
esis, treatment with antiviral drugs lead to an increase rather than
decrease in mtDNA copy number (KE1). Possibly, longer treatment
times may be required to achieve the decrease in mtDNA copy num-
ber observed in patients, highlighting some of the challenges in
mimicking in vivo mechanisms in short-term in vitro systems.

https://doi.org/10.1016/j.toxlet.2018.06.1006
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Natural antioxidants prevent contrast-induced
nephropathy by enhancing nitric oxide
synthesis in an animal model
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Purpose: Contrast-induced nephropathy (CIN) is a reversible form
of acute renal failure that begins soon after iodinated contrast
media (CM) administration. CM induces renal vasoconstriction,
through oxidative stress by inhibiting vasodilators such as nitric
oxide (NO). Asymmetric Dimethylarginine (ADMA) and Symmetric
Dimethylarginine (SDMA) are inhibitors of NO synthesis and ele-
vated levels indicate renal damage. The aim of this study was to
evaluate the protective effect of natural antioxidants against CIN in
an animal model by estimating the SDMA and ADMA levels.

Materials and methods: New Zealand white male rabbits
were divided in four groups control, iopromide, iopromide plus
resveratrol (RVT) and iopromide plus lycopene (Lyc). Iopromide
was administered intravenously (single dose of 7.5 mg/I/kg), RVT
and Lyc were administered orally (single dose of 4.28 mg/kg and
4.0 mg/kg respectively), 24 h prior to iopromide exposure. Blood
samples were collected immediately after iopromide exposure
(0 h), at 24 h and at 48 h after iopromide exposure. SDMA and ADMA
levels were estimated by High-Performance of Liquid Chromatog-
raphy (HPLC).

Results: SDMA and ADMA levels were significantly elevated in
iopromide group compared to all other groups (p < 0.05) at 0 h and
24 h after CM exposure, showing a trend to decline towards baseline
levels at 48 h.

Conclusion: RVT and Lyc seem to prevent iopromide-induced
nephropathy by enhancing NO synthesis in the rabbits.

https://doi.org/10.1016/j.toxlet.2018.06.1007
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The interaction between the guanidine
polymers of disinfectants and cytoplasmic
organelles
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Guanidine polymer is a series of polymers bearing guanidino
groups, which are mainly used as an antimicrobial agent. In 2011,
many patients of lung damage were occurred, so a number of
epidemiological studies were conducted and the association of
humidifier disinfectant with lung injury was demonstrated.
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Polyhexamethylene guanidine phosphate (PHMG-p), poly
(oxyalkylene guanidine) hydrochloride (PGH) and polyhexam-
ethylene biguanidine (PHMB) were guanidine polymer used as
disinfectants for the prevention of microorganism growth in
humidifiers. In vitro and in vivo studies revealed that inhaled
disinfectants induced the biological responses associated with pul-
monary fibrosis. However, the mode of action of these disinfectants
is unknown yet. In this study, we synthesized PHMG-p-, PGH- and
PHMB-FITC conjugates and assessed the uptake into lung epithe-
lial A549 cell line. To examine cell localization, the A549 cells
were treated with PHMG-p-, PGH- and PHMB-FITC conjugates,
counter-stained with various cytoplasmic organelles, and observed
by confocal microscope. Covalent conjugation with fluorescein
isothiocyanate yielded labeled PHMG-p, PGH and PHMB by dialy-
sis. Both PHMG-p- and PGH-FITC were detected within cytoplasmic
space and co-localized in endoplasmic reticulum and lysosome, but
not in mitochondria. PHMB-FITC was found in endoplasmic reticu-
lum and lysosome only after 24 h of exposure. In addition, PHMG-p
induced the autophagy and apoptosis in A549 cells. Further studies
are necessary to elucidate the relationships between endoplasmic
reticulum, lysosome and mitochondria damages.

https://doi.org/10.1016/j.toxlet.2018.06.1008
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A classical and an immunoaffinity-proteomic
study to identify and validate drug-induced
kidney injury biomarker in canine
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Canines remain one of the most common non-rodent species used
in pre-clinical safety studies. Drug-induced kidney injury (DIKI) is
still one of the major reasons for failure in drug development. Not
many data about proteome changes in DIKI in canines is available.
Here, we conducted a three phases proteomic experiment to high-
light the proteome changes in DIKI and to verify some biomarkers
known from rat and human studies. In a 10-day (D) low dose-study,
animals received the nephrotoxic tobramycin (60 mg/kg, n = 6) or
vehicle (n = 3). Minimal to moderate proximal tubular injury was
histologically confirmed. First, a discovery proteomic study, we
performed a label-free (LF) quantification on the collected kid-
ney tissue samples. 558 proteins were significantly differentially
regulated (q-value < 0.05) between tobramycin-treated canines and
vehicles. Based on the function of the regulated proteins, 12 pro-
teins were selected further for analysis. These included proteins
which are suggested as DIKI-biomarker such as osteopontin, clus-
terin and kidney injury molecule 1 (KIM-1) and unknown proteins
such as Serpin A5 and Fatty acid-binding protein. Second, we devel-
oped a peptide-centric mass spectrometry-based immunoassay
panel (IP-LC/MS) to quantify the candidates in the kidney cortex
and in canine’s urine. In the IP-LC/MS assay, targeted peptides
are enriched by antibodies which recognize a short epitope motif.
In accordance with the LF experiment, 8 proteins were found to
be significantly up-regulated via the IP-LC/MS assay following the
treatment. KIM-1 was mostly affected with 50-fold higher in the
treated dogs. Finally, we further validated the IP-LC/MS assay (assay
linearity, digestion kinetics, intra- and inter variation) to absolutely

quantify the biomarker candidates in the dog urine. Upregula-
tion of urinary osteopontin, clusterin, retinol binding protein 4,
KIM-1 and protein alpha-1-microglobulin/bikunin on D7 and D10
versus controls was demonstrated while no changes in the stan-
dard parameters such as serum creatinine and urea nitrogen were
detected. This indicate the applicability of the IP-LC/MS assay to
detect changes in urine-based proximal tubular injury biomarkers
in canines. Utilizing our short epitope motif enrichment strategy,
the developed assay can be applied in monkey, human, mouse, rat
and cat studies.

https://doi.org/10.1016/j.toxlet.2018.06.1009
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a cytological study
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Purpose: Contrast-induced nephropathy (CIN) is considered a
reversible form of acute renal failure that begins soon after iodi-
nated contrast media (CM) administration. Iodinated CM may exert
their nephrotoxic effects in several different ways. Hemodynamic
alterations resulting in renal medulla ischemia and direct toxic
effects on renal tubular epithelial cells leading to apoptosis and
tubular vacuolization seem to be major factors contributing to CIN.
The aim of this study was to evaluate the protective effect of natu-
ral antioxidants against CIN in an animal model by estimating renal
tissue damage.

Materials and methods: New Zealand white male rabbits
were divided in four groups control, iopromide, iopromide plus
resveratrol (RVT) and iopromide plus lycopene (Lyc). Iopromide
was administered intravenously (single dose of 7.5 mg/I/kg), RVT
and Lyc were administered orally (single dose of 4.28 mg/kg and
4.0 mg/kg respectively), 24 h prior to iopromide exposure. After
48 h of iopromide administration rabbits were sacrificed and kid-
neys were collected. Renal tissue damage was estimated using the
touch preparation technique.

Results: Major renal damage including tubular apoptosis, cell
degeneration and tubular vacuolization was observed only in iopro-
mide group. Renal tissues in RVT and Lyc groups tended to be
similar to control group; cells appeared normal with minimal renal
damage detected.

Conclusion: RVT and Lyc seem to prevent iopromide-induced
nephropathy by reducing acute renal damage in the rabbits.

https://doi.org/10.1016/j.toxlet.2018.06.1010
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Purpose: Contrast-induced nephropathy (CIN) is considered a
reversible form of acute renal failure that begins soon after iod-
inated contrast media (CM) administration during angiographic
or other procedures. CIN is characterized by an increase in serum
creatinine (Scr) levels >25% compared to baseline values that gen-
erally appears within the first 48 h after CM exposure, reaching a
peak within the following 5 days. Antioxidants have been found
to prevent lipid peroxidation, reduce oxidative stress by scaveng-
ing free radicals and prevent renal ischaemia after CM exposure.
The aim of this study was to evaluate the protective effect of natu-
ral antioxidants against CIN in an animal model by estimating Scr
levels.

Materials and methods: New Zealand white male rabbits
were divided in four groups control, iopromide, iopromide plus
resveratrol (RVT) and iopromide plus lycopene (Lyc). Iopromide
was administered intravenously (single dose of 7.5 mg/I/kg), RVT
and Lyc were administered orally (single dose of 4.28 mg/kg and
4.0 mg/kg respectively), 24 h prior to iopromide exposure. Blood
samples were collected immediately after iopromide exposure
(0 h), at 24 h and at 48 h after iopromide exposure. Scr levels
were measured by a biochemical analyzer (Architect c4000, Abbott,
Abbott Park, Illinois, U.S.A).

Results: There was no difference in Scr levels among groups
at 0 h but there was an increase >25% in iopromide group com-
pared to control, RVT and Lyc group after 24 h and 48 h of iopromide
administration.

Conclusion: RVT and Lyc seem to prevent iopromide-induced
nephropathy in the rabbits.

https://doi.org/10.1016/j.toxlet.2018.06.1011
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The consumption of energy drinks is high among adolescents and
young adults, who 24 often associate them with alcoholic bev-
erages, such as vodka and whisky. The aim of this study was
to evaluate the acute toxicity of the association of energy drink
and alcohol in male Wistar rats. Animals (n = 4–5/group) were
treated by oral gavage with 10 ml/kg distilled water (control);
10 ml/kg energy drink (ED10); 2 g/kg alcohol 20%; and 2 g/kg alco-
hol 20% + ED10. Behavioral alterations were observed for 6 h after
treatment. After 24, animals were euthanized, blood and urine

collected for biochemical analysis (transaminases, ureia, creati-
nine, microalbumin and NAG activity). Histopathological analysis
and lipoperoxidation were performed in liver and kidneys. The
experiments were approved by the University Ethics Committee
(Number 26689) Animals presented differences in the frequency
of rearing, ambulation, grooming, self-cleaning, be awake and
tachypnea along time. No significant alterations in serum biochem-
ical parameters was observed. Lipoperoxidation was significantly
increased (p < 0.05, ANOVA/Bonferroni) in livers of ED10 treated
group compared to control. The association of ED10 + alcohol
induced nephrotoxicity through the significant increase of the
early kidney damage biomarker NAG urinary activity (p < 0.05,
ANOVA/Bonferroni). Histopathological analysis showed the pres-
ence of hydropic and hyaline degenerations, and congestion in the
livers of ED10 + alcohol treated rats. In kidneys, hyaline degenera-
tion was observed in ED10 and ED10 + alcohol groups. Hemorrhage
was present in the kidneys of all groups. The combination of energy
drinks and alcohol, are not safe for their consumers. Therefore,
precautionary measures should be disseminated among risk pop-
ulations, specially the teenagers.

Acknowledgements: Brazilian National Council for Scientific
and Technological Development - CNPq; CAPES Foundation – Brazil,
and Universidade Federal do Rio Grande do Sul (UFRGS).
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For the animal experiment, stable water suspensions of nanoparti-
cles (NPs) were obtained by laser ablation of 99,99% pure elemental
aluminum, titanium or silicon under a layer of deionized water.
Male outbred rats with initial body mass 290 g were injected
intraperitoneally 3 times a week (up to 18 injections) with sus-
pensions of Al2O3-NP, TiO2-NP or SiO2-NP in doses 0.25, 0.5 and
0.5 mg per rat, respectively, either separately, or in binary, or in
ternary combinations of the same doses, the controls receiving
injections of deionized water in the same volume. Toxic effects
where estimated with a lot of functional, biochemical and mor-
phometric indices for the organism’s status. The results obtained
demonstrated that, in many respects, the Al2O3-NP was the most
toxic as such and the most dangerous component of the stud-
ied combinations. Mathematical modeling with the help of the
Response Surface Methodology has shown that the organism’s
response to a simultaneous exposure to any two of the element
oxide (ElO) NPs under study is characterized by all possible types
of combined toxicity (additivity, subadditivity or superadditivity
of unidirectional action and different variants of opposite effects)
depending on which outcome this type is estimated for as well
as on the levels of the effect and dose. With any third ElO-NP
species acting in the background, the type of combined toxic-
ity displayed by the other two ElO-NPs can change significantly.
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Many adverse effects produced in rats by the combined [Al2O3-
NP+TiO2-NP+SiO2-NP] exposure, including the genotoxic one, were
substantially attenuated by per oral administration of a complex
of innocuous bioprotective substances during the entire exposure
period.

https://doi.org/10.1016/j.toxlet.2018.06.1013
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Objective: To study plasma and brain tissue pharmacokinetics of
different sizes HuperzineA-PLGA-nanoparticles (HupA-PLGA-NPs)
in mice.

Methods: Thirty ICR mice were divided into three groups ran-
domly. Native HupA and HupA-PLGA-NPs with mean diameter
46.4 nm and 208.5 nm were injected into mice by tail vein with
dose of 0.5 mg/kg, respectively. Blood samples were collected at
various time points (2 min, 5 min, 15 min, 30 min, 1 h, 2 h, 4 h, 8 h,
12 h and 24 h) after intravenous injection and the mice were sac-
rificed. The brain tissues were excised, weighed and homogenized.
The 200 �l serum or brain tissue samples were mixed and vortexed
with 10 �l sodium hydroxide, then 1 ml ethyl acetate were added
and vortexed to precipitate protein and centrifuge for 15 min, the
supernatants were collected and transfered to another tube and
dried under a stream of nitrogen at room temperature. The residue
samples were resuspended in 200 �l mobile phase and following
centrifuged. The samples(10 �l) were analyzed by method of LC-
MS/MS.

Results: The distribution of different size HupA-PLGA-NPs
showed remarkable changes compared with that of HupA in vivo,
the particle size of nano-drugs emerged significant affect for the
pharmacokinetics parameters. The Cmax values of 46.4 nm and
208.5 nm HupA-PLGA-NPs in plasma were almost equaled to the
that of HupA. The T1/2 values were 1.53 times (46.4 nm) and 1.96
times (208.5 nm) compared with that of HupA, respectively. The
bioavailability of 46.4 nm and 208.5 nm HupA-PLGA-NPs were 2.02
and 2.35-folds higher than that of HupA, respectively. The Cmax

value of 46.4 nm HupA-PLGA-NPs was as much as that of HupA,
but the Cmax value of 208.5 nm HupA-PLGA-NPs was 1.6 times
compared with that of HupA in brain tissue. The Tmax values of
both nanoparticles were 1.25 h, which was obviously longer than
that of HupA (0.5 h). Meanwhile, the T1/2 values were 1.82 times
(46.4 nm HupA-PLGA-NPs) and 1.23 times (208.5 nm HupA-PLGA-
NPs) compared with that of HupA (6.89 h), respectively. Besides,
brain targeting indexes of 46.4 nm and 208.5 nm HupA-PLGA-NPs
was 1.48 and 0.81, respectively, the former showed obvious brain
targeting effect, but the latter had not the effect.

Conclusion: This study may provide technical support for the
application of HupA in controlled drug deliveryand in drug brain-
targeting.

https://doi.org/10.1016/j.toxlet.2018.06.1014
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Valproic acid (VPA) is used in the management of seizures, bipo-
lar disorder, and migraines however, its use is associated with a
number of adverse effects including hepatic steatosis. Whole-body
physiologically based toxicokinetic (PBTK) models were devel-
oped to simulate the tissue concentrations of VPA in the rat and
human. The models were parameterised using physicochemical
properties and reverse translation approaches from published data.
In order to recover the extended systemic exposure observed in
rodent pre-clinical studies, it was necessary to incorporate the
enterohepatic recirculation resultant from deconjugation of biliary
cleared glucoronidated metabolites in the gut, and the subse-
quent reabsorption of parent compound. In vitro reporter assays
showed activation of the pregnane X receptor (PXR) and peroxi-
some proliferator activated receptor alpha (PPARa) in response to
VPA exposure; both previously identified as molecular initiating
events (MIEs) in the hepatic steatosis adverse outcome pathway.
Using a steady-state biokinetic model of in vitro distribution, nom-
inal VPA treatment concentrations identified as activating PXR and
PPARa in vitro were used to predict the corresponding intracellular
concentrations. Using the verified rat and human PBTK models, a
reverse-dosimetry approach was employed to determine the oral
dose resulting in maximal hepatic concentrations corresponding
to the intracellular concentration associated with activating these
MIEs in vitro. Doses of 3.7 mg/kg and 1.7 mg/kg in rat and human,
respectively, were determined to result in hepatic concentrations
associated with activation of MIEs in the steatosis AOP. As might
be expected, the MIE activating dose determined in rat, was more
than two orders of magnitude lower than the oral LOAEL iden-
tified in rat repeat dose toxicity studies (500 mg/kg) linked with
histopathological scoring of hepatic steatosis. However, the MIE
activating dose in humans, equivalent to ∼125 mg, is well within
the therapeutic dosing range. Repeat dosing at therapeutic levels
could result in sustained activation of MIEs associated with adverse
hepatic outcomes.

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 681002.

https://doi.org/10.1016/j.toxlet.2018.06.1015

P24-04
Incorporation of toxicodynamic feedback in a
physiologically-based toxicokinetic model of
acetaminophen overdose

D. Reddyhoff ∗ , C.P. Fisher, I. Gardner

Certara UK Limited, Simcyp Division, Sheffield, UK

The hepatotoxicity of acetaminophen (APAP) has been exten-
sively studied and modelled. The putative mechanism underlying

https://doi.org/10.1016/j.toxlet.2018.06.1013
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observed toxicity under overdose conditions is driven by saturation
of the main sulfotransferase (SULT) mediated clearance pathways,
resultant from the depletion of the 3’-Phosphoadenosine-5’-
phosphosulfate (PAPS) co-factor. The fraction of the dose
metabolized through CYP450 mediated clearance pathways is sub-
sequently increased, resulting in excessive formation of the reactive
metabolite N-acetyl-p-benzoquinone imine (NAPQI). While min-
imal amounts of NAPQI produced at therapeutic levels can be
eliminated through conjugation with reduced glutathione (GSH),
overdose results in a depletion of GSH, formation of protein
adducts, and oxidative stress.

Here we present a physiologically based toxicokinetic model
(PBTK) model incorporating the critical co-factor dependence of
SULT mediated metabolic clearance, GSH depletion, regional drug
metabolism, and feedback of NRF2-mediated upregulation of basal
metabolism of GSH, as well as the rate of reduction of oxidized
glutathione (GSSG) to GSH. We implement a 6-compartment liver
model, which includes hepatic zonation of metabolism and its
effect on the clearance of drugs/metabolites. Incorporation of
metabolic heterogeneity in our liver model reproduces increas-
ing CYP and UGT mediated metabolism in the perivenal region of
the liver lobule. A coupled toxicodynamic model incorporates the
depletion of the PAPS co-factor, depletion of GSH, the glutathione
redox cycle and NRF2-mediated protective responses to reactive
oxygen species (ROS), and the subsequent feedback on toxicoki-
netic parameters.

Our model reproduces in vivo time-course data of APAP plasma
levels, and captures the depletion of cofactors at increasing APAP
doses. NRF2 reduces the depletion of GSH in response to high APAP
doses, resulting in lower NAPQI concentrations across the liver.
Zonation of hepatic metabolism results in a concentration gradient
from the periportal to perivenal region of the liver. This is consis-
tent with in vivo findings, where the most acute and extensive cell
damage is observed in the perivenal region.

https://doi.org/10.1016/j.toxlet.2018.06.1016

P24-05
In vitro to in vivo extrapolation of effective
concentrations in alternative assays for
developmental toxicity testing: Application of
generic PBK modelling

S. Fragki 1,∗ , A.H. Piersma 1,2, E. Rorije 4, M.J. Zeilmaker 3

1 RIVM, Centre for Health Protection, Bilthoven, Netherlands
2 Institute for Risk Assessment Sciences, Utrecht, Netherlands
3 RIVM, Centre for Food, Prevention and Care, Bilthoven, Netherlands
4 RIVM, Centre for Safety of Substances and Products, Bilthoven,
Netherlands

Incorporation of kinetics to QIVIVE (quantitative in vitro to in vivo
extrapolations) is an important step for the realization of a non-
animal testing paradigm, in the field of regulatory toxicology. The
use of Physiologically-Based Kinetic (PBK) modelling for estimat-
ing systemic doses of chemicals at the target site is accepted
to be an indispensable element for such purposes. Nonetheless,
PBK models are commonly constructed for a single or a group of
compounds and are considered to be demanding, with respect to
experimental data needed for model parameterization. Alterna-
tively, we evaluate here the use of a more generic approach, i.e. the
so-called IndusChemFate model, which is based on incorporated
QSAR model parametrization. The model was used to describe the
in vivo kinetics of three diverse classes of developmental toxicants:
triazoles, glycol ethers’ alkoxyacetic acid metabolites and phtha-
late primary metabolites. The model needed specific input per
each class of compounds. These substances were previously tested

in three alternative assays: the whole- embryo culture (WEC),
the zebrafish embryo test (ZET), and the mouse embryonic stem
cell test (EST). Thereafter, the PBK-simulated blood levels at toxic
in vivo doses were compared to the respective in vitro effective
concentrations. Comparisons pertaining to relative potency and
potency ranking with integration of kinetics were similar to previ-
ously obtained comparisons. Additionally, all three in vitro systems
resulted in quite comparable outcomes, and hence, a combination
of alternative tests is still preferable for predicting the endpoint of
developmental toxicity in vivo. This approach is put forward as bio-
logically more plausible since plasma concentrations, rather than
external administered doses, constitute the most direct in vivo dose
metric.

https://doi.org/10.1016/j.toxlet.2018.06.1017

P24-06
High-throughput platform for rapid TEER
measurement of Organ-on-a-Chip endothelial
and epithelial tubules

W. Strijker ∗ , A. Nicolas, T. Olivier, H.L. Lanz, S.J. Trietsch

Mimetas BV, Leiden, Netherlands

Organ-on-a-chip technology has rapidly grown in the past decade,
driven by the need for better predictive in vitro models for drug
efficacy and toxicity assessment. These systems enable the forma-
tion of endothelial and epithelial tubules that are used to mimic
in vivo cues such as flow exposure, mixed co-culture and overall
micro-environment. In conventional drug toxicity and transport
studies, Trans Epithelial/Endothelial Electrical resistance (TEER) is
used to determine the integrity of barrier tissues. However, cur-
rent approaches to TEER measurement involve the use of chopstick
electrodes, incompatible with high-throughput Organ-On-a-Chip
platforms, such as the OrganoPlate

®
, a microfluidic platform for

perfused 3D cell culture.
To this end, we developed a fully automated TEER measurement

platform capable of addressing up to 96 tubules in an OrganoPlate.
The developed system makes use of an electrode interface com-
patible with the OrganoPlate microfluidics layouts. The system is
lightweight, fits in an incubator and can be used in combination
with a rocker platform to provide perfusion in parallel to long-term
TEER experiments. The device can read out an entire OrganoPlate
with 96 perfused tubules within 60 s and allows programmable
measurements over the entire duration of an epithelial/endothelial
study.

We quantified TEER values in multiple epithelial/endothelial
tubules, including widely used primary and immortalized cell lines
such as Caco2, Huvec and HepG2, and developed an automated
signal analysis solution, suited for high-throughput assays in the
OrganoPlate. We used the platform to investigate drug toxicity and
inflammatory processes on OrganoPlate grown gut tubules, which
exhibit TEER values relevant to characterized Caco2 models, and
demonstrate the use of TEER in combination with the OrganoPlate
for long term compound exposure studies.

Complementing the OrganoPlate scope of application, we devel-
oped a novel technique for on-a-Chip epithelial/endothelial tissue
TEER investigation with very fast measurement times, automated
signal extraction and compatible with tissue culture incubator
environments. This provides a valuable tool for drug toxicity and
transport studies in Organ-on-a-Chip.

https://doi.org/10.1016/j.toxlet.2018.06.1018
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P24-07
Evaluation of 6 in silico skin penetration models
to predict the in vitro cutaneous distribution of
25 chemicals

M. Klaric 1,∗ , R. Cubberley 2, I. Sorrell 2, H. Duplan 3, J. Eilstein 4,
C. Ellison 5, S. Gregoire 4, N. Hewitt 1, C. Jacques-Jamin 3,
D. Lange 6, C. Lester 5, H. Rothe 7, S. Salhi 8, A. Schepky 6

1 Cosmetics Europe, Brussels, Belgium
2 Unilever, Sharnbrook, UK
3 Pierre Fabre Dermo-Cosmétique, Toulouse, France
4 L’Oreal, Aulnay-Sous-Bois, France
5 The Procter and Gamble Co., Cincinnati, US
6 Beiersdorf AG, Hamburg, Germany
7 Coty, Darmstadt, Germany
8 GSK, Nyon, Switzerland

In this study, 3 open source (EPA DermWin, Kasting CDC, Univer-
sity of Surrey) and 3 commercial (GastroPlusTM TCATTM, Certera
Simcyp, Scientific Consilience DSkin) in silico skin penetration mod-
els were evaluated. These varied in complexity but were mainly
based on physical chemistry of diffusion, with different degrees
of physiological relevance built in. Simulations of the cutaneous
distribution of 25 chemicals were compared with measured data
from in vitro, finite dose, human skin penetration studies. Each
group was provided with the same set of input parameters, includ-
ing physicochemical properties and details of the skin penetration
protocol. The DermWin model was included because it is used by
safety assessors; however, it predicts Kp and is not suitable for the
prediction of cutaneous distribution and was therefore excluded
from several comparisons.

The prediction of the dermal delivery (DD, amount in epidermis
+ dermis + receptor fluid) of 24 chemicals applied in PBS (1 was
applied in ethanol) varied between the models. The best correla-
tion with in vitro data was observed for the TCATTM model, with
only 2 outlier chemicals over- or under-predicted by more than
2-fold. The over-prediction of DD of 6–8 chemicals by 3 other mod-
els is considered to be conservative in terms of potential use of
these models within human safety assessment. The ability to pre-
dict the amounts in epidermis and dermis varied between models;
however, the maximum amounts measured in ex vivo human skin
were only 10% and 3% of the applied dose, respectively. The pre-
dicted amounts in the receptor fluid by each model were generally
within 2-fold of the measured values (which ranged up to 95% of
the applied dose). None of the models adequately predicted the
amount of chemical that evaporated. This was shown to be impor-
tant since the prediction of DD was improved when the evaporated
amount was accounted for in the simulations (estimated using the
mass balance).

In conclusion, our evaluation highlighted important differences
in 6 models. The 5 mechanistic in silico models could predict the DD
of 24 chemicals relatively well, especially if the fraction evaporated
was considered. Amounts of chemical in the epidermis and dermis
were less well predicted, as was the amount evaporated. Future
work will investigate how measured data can be used to improve
the models further.

https://doi.org/10.1016/j.toxlet.2018.06.1019

P24-08
“TKPlate”: A web-based platform for
toxicokinetic modelling in food safety

N. Quignot 1,∗ , W. Wiecek 2, B. Amzal 2, J.-L.C.M. Dorne 3

1 Analytica LASER, Paris, France
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The integration of toxicokinetics (TK) is a critical issue for all areas
of human health risk assessment of chemicals including the food
safety area. In parallel, high-throughput screening methods, in vitro
to in vivo extrapolation and in silico models for predicting chemical
properties are increasingly being developed and improved.

Here, in the context of an EFSA-funded project, TKPlate has been
built as a web-based suite of generic TK tools and models within
the R freeware as an extension of the US-EPA ‘httk’ package. TKPlate
allows the prediction of TK parameters for single and multiple
compounds in data poor and data rich situations. Simple TK tools
and physiologically-based models were built from data collection
reporting human and animal physiological data as well as meta-
analyses of human TK variability for parameters reflecting both
acute and chronic exposure. In addition, chemical-specific data for
a number of compounds, available in the ‘httk’ package and from
specific case studies, were integrated in the platform.

In food safety, data availability for TK model parameterisation
range from basic in vitro TK data and compound’s physicochemical
properties to a full set of in vivo TK parameters. In TKPlate, distri-
butions describing inter-individual TK variability can be modelled
using Monte Carlo methods rather than mean values. Under data
poor situations, default values are also available in TKPlate for each
input across the platform (i.e., both means and variability).

TK models have been applied to selected case studies. Sim-
ulations for single compounds and binary mixtures have been
performed, according to realistic and EFSA relevant exposure sce-
narios. The flexibility of the platform allows prediction of TK
parameters for subgroups of the human population (e.g., polymor-
phic phenotypes for the CYP2C9 and CYP2C19 metabolic pathways
or age subgroups such as children, elderly), as well as magnitudes
of TK interactions for binary mixtures. Overall, the results from case
studies illustrate the applicability and validity of the platform. It is
foreseen that TKPlate will allow the further development of predic-
tive tools in the broad context of food safety, particularly in data
poor situations where inter-species extrapolations or the use of
in vitro data and read-across methods may be required.

https://doi.org/10.1016/j.toxlet.2018.06.1020
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P24-10
Hierarchical Bayesian meta-analysis of human
variability in CYP3A4 metabolism and
CYP3A4-related uncertainty factors for human
risk assessment

K. Darney 1,∗ , E. Testai 2, N. Kramer 3, J.-L.C.M. Dorne 4,
C. Bechaux 1

1 Anses, Paris, France
2 Istituto Superiore di Sanita, Rome, Italy
3 University of Utrecht, Utrecht, Netherlands
4 EFSA, Parma, Italy

Historically, the default 100 fold uncertainty factor (UF) has been
applied to sub-chronic toxicity data in test species for the deriva-
tion of chronic safe levels of exposure to thresholded chemicals.
The default UF allows interspecies differences (10) and human vari-
ability (10) in toxicokinetics (3.16) and toxicodynamics (3.16). For
human toxicokinetics, research efforts have been refined the UFs
using human variability data in metabolism to derive pathway-
related UFs or chemical specific adjustment factors. CYP3A4 is the
major cytochrome P450 isoform metabolising more than 50% of
known xenobiotics. Here, inter-individual variability in CYP3A4
metabolism for human subgroups (i.e. neonates, children, ado-
lescents, healthy adults, elderly) was investigated for the oral
and intravenous routes using parameters for acute (i.e Cmax)
and chronic exposure (i.e. clearance, half-life) for 15 CYP3A4
probe substrates. All relevant human pharmacokinetic studies
were extracted from a systematic review and meta-analyses,
using a hierarchical Bayesian model in the R freeware, were
then performed to derive parameter, route and subgroup specific-
distributions for inter-individual variability in CYP3A4.

Overall, distributions for CYP3A4-inter-individual variability
provided the basis to derive CYP3A4-related UF to cover 95% of
the population. For chronic oral exposure, the CYP3A4-related UF
in healthy adults was higher (5.0 [4.4-5.6] (median [CI90]), 10
compounds) than that for intravenous exposure (3.6 [3.3-4], 5 com-
pounds). CYP3A4-related UFs for the elderly and neonates were
respectively 5.2 [3.9-7.1] (3 compounds) and 6.3 [3.5-10.6] (1 com-
pound). Future work includes the integration of isoform-specific
variability distributions for inter-individual differences in human
metabolism and in vitro data into physiologically based toxicoki-
netic (PBTK) models to further develop quantitative in vitro in vivo
extrapolation (QIVIVE) models and refine the use of UFs in human
risk assessment.

https://doi.org/10.1016/j.toxlet.2018.06.1022

P24-11
PBPK/PD coupled HPG SB model to analyze the
reproductive toxicity of EDs: Case study on
mixture effects of DEHP and TCDD

R.P. Sharma ∗ , M. Schuhmacher, V. Kumar

Universitat Rovira i Virgili, Departament d’Enginyeria Quimica,
Tarragona, Catalonia, Spain

In-silico modelling and simulation in pharmacokinetics and sys-
tems biology (SB) along with high throughput in vitro assays is
gaining attention to assess the environmental chemicals expo-
sure related human health effects. With the recent advances in in
vitro high throughput techniques and their quantitative extrapo-
lation based on in-vitro in-vivo extrapolation (IVIVE) approach we
are able to develop high throughput physiologically based phar-
macokinetics model (PBPK) predicting concentration-time profiles
for large classes of chemicals even without the need of in vivo

studies. Combined with SB models of cellular response at the
target site will provide more realistic mechanism based predic-
tive toxicology with a wide spectrum of important applications
in the field of toxicology. The objective of this study is to anal-
yse the reproductive toxicity of EDs based on an integrated tool
that describes both the kinetics and the toxicodynamic effects via
coupling PBPK to a hypothalamus–pituitary–gonadal (HPG) axis SB
model, taking case study of Di (2-ethylhexyl) phthalate (DEHP) and
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) mixture. Both chem-
icals are endocrine disruptors (ED) chemicals affecting women
fertility. Ubiquitous presence of dioxins and phthalates in the envi-
ronment and raised concern over their common adverse effects on
ovarian cycle such as hypo-estrogenic, polycystic ovary and anovu-
lation has catch attention towards their mixture effects. Ovarian
cycle in women involves periodic single oocyte maturation and
ovulation, which is controlled and regulated by hormones and their
feedback loops along the HPG axis. To achieve this objective, two
levels of hierarchy were used: First both a PBPK model describing
the chemical-concentration time-course inside the body and a sys-
tems biology model describing time evolutions of HPG hormones,
were made. Second, the two models were coupled so as to pre-
dict the ovarian toxicity considering HPG hormones as a surrogate
biomarker for fertility. Developed PBPK/PD coupled HPG SB model
is able to demonstrate the effects of EDs on HPG hormones, thus
predicting effects on ovulations and mixture simulation. Results
showed a synergistic action possibly due to their crosstalk mecha-
nism.

https://doi.org/10.1016/j.toxlet.2018.06.1023

P24-12
New approaches for parameterization and
evaluation of PBK models using human in silico,
in vitro, biomonitoring and volunteer data

J. Bessems 1,∗ , G. Schoeters 1, T. Santonen 2
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Initially, PBK (physiologically-based kinetic) modelling was largely
based on animal in vivo kinetic data and in vitro information
on animal metabolic clearance parameters. In order to predict
human kinetics the animal model parameters were subsequently
adjusted to anatomical and physiological values of humans and
the metabolic parameters were scaled (and sometimes measured
using in vitro human metabolic systems). Nowadays, there is a
need to construct human models straight on using only human
data as to include a priori interindividual human variation and
age-dependency.

This talk will illustrate the concept of bottom-up model param-
eterization using in silico approaches like QSAR and QPPR in
combination with human and in vitro data. This bottom-up concept
allows first tiers predictions of variations in human blood concen-
tration over time (C,t)-curves as well as urinary excretion of parent
chemical and/or metabolite(s) and in combination with human
in vitro toxicity data also screening of chemicals for potential risks
(margin of internal exposure – MOIE [1]).

It will be shown how human biomonitoring data and data
from human volunteer studies [2] (blood concentrations or urinary
excretion) can be used to evaluate the predictive capacity of these
bottom-up models.
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Incorporation of public exposure models into
the PLETHEM pharmacokinetic framework
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3 Ramboll, Research Triangle Park, US

An outstanding challenge in the acceptance of alternatives to ani-
mal testing is the incorporation of computational models into
decision making pipelines. Fifteen years ago, the US EPA Office of
Research and Development’s framework for computational toxi-
cology emphasized the need for computational methods to bridge
the source-to-outcome continuum. We and others have suggested
that this can be achieved by linking exposure estimation meth-
ods, physiologically based pharmacokinetic (PBPK) modeling, and
computational systems biology pathway modeling tools into a
standardized framework. To that end, we have developed the Pop-
ulation Lifecourse Exposure To Health Effects Model (PLETHEM)
suite, a modular open source modeling platform that provides
users the ability to create, run, share, and audit PBPK models. The
platform consists of a database of chemicals, QSAR models, life-
stage specific physiological and metabolism parameters needed to
parameterize PBPK models, an R-based engine to perform model
simulations, and an interactive user interface to define and select
parameter sets for the models. PLETHEM implements easy to use
interfaces for a generic PBPK model and a high-throughput IVIVE
model. These model interfaces along with the included databases
provide capabilities necessary for rapid analysis of chemicals using
PBPK modeling. PLETHEM includes the ability to run Monte Carlo
analyses to investigate population variance and a set of life-stage
equations to investigate life stage-based sensitivities. The PLETHEM
database also incorporates ontogeny profiles for key metabolic
enzymes that can be used to calculate in vivo metabolic clearance
using measured in vitro clearance. In addition, PLETHEM has an
ability to link to a number of EPA and OECD exposure estimation
programs, including CEM, TRA, SEEM2, and SHEDS-HT. These mod-
els, which estimate exposures in the workplace and the general
populations, can be used to drive PBPK model-based estimates of
resulting internal exposures to support risk assessments. PLETHEM
is now freely available as an R package through the Bitbucket and
Github open source repositories.

https://doi.org/10.1016/j.toxlet.2018.06.1025
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Application of PBPK modelling of enterocyte
exposure aids in vitro to in vivo translational
risk assessment of �-opioid-induced clinical
constipation
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The �-opioid receptor is often screened as part of in vitro sec-
ondary pharmacological profiling during drug discovery as agonism
activity is known to lead to safety liabilities of constipation, res-
piratory depression and drug abuse potential. �-opioid receptors
are expressed in the gastrointestinal (GI) tract, localised to the
myenteric plexus and nerve endings innervating the mucosa and
enterocytes. Opioid drugs are known to act directly upon receptors
locally in the GI tract (e.g. Loperamide) blocking muscle contraction
and transport of mucosal fluids, leading to constipation. As many
drugs are primarily optimised for oral administration, unwanted
activity at the �-opioid receptor could lead to dose limiting consti-
pation and hinder both clinical compliance and efficacy.

Here we apply physiologically-based pharmacokinetic (PBPK)
modelling of five marketed/clinical �-opioid agonists to simulate
local drug exposure at the site of action in the enterocyte of the
GI tract in relation to constipation. The correlation between ente-
rocyte concentration (Cmax), �-opioid receptor activity (EC50) and
clinical occurrence of constipation for �-opioid receptor agonists
illustrated >1x cover in vitro agonist EC50 was required to drive con-
stipation. Enterocyte concentration was simulated for two project
lead molecules at the current predicted dose to man to enable a risk
assessment of their off target �-opioid receptor agonist activity to
predict the likelihood of constipation within the clinic. The data
enabled compound differentiation and selection for progression.
In addition the analysis provides semi-quantitative translational
understanding that can be applied to risk assess future molecules
that possess off-target �-opioid receptor agonist activity.

https://doi.org/10.1016/j.toxlet.2018.06.1026
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An inter-species comparison approach for
triclopyr, utilizing in silico, in vitro and in vivo
toxicokinetic properties, for risk assessment
purpose
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Triclopyr is a synthetic auxin, a broad-weed herbicide, used in
pasture and Rice. Hence, external human exposure is possible via
dietary and non-dietary route. Herein, we present a multi-faceted
approach, utilizing newly generated data from in vitro systems
and existing internal exposure data from in vivo studies performed
in mammalian toxicology species and human volunteers, as well
as in silico predictions of systemic exposure to recapitulate oral
gavage and dietary exposure profiles in various species, including
humans. The oral absorption of triclopyr is complete in mammals
as well as in human volunteers. In vitro comparative metabolism
confirms lack of metabolism in humans, similar to other species.
Additional in vitro plasma protein binding and renal clearance in
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primary proximal tubule cell experiments will be utilized to deter-
mine if excretion mechanisms previously investigated in an in vivo
renal clearance study in dog are unique to that species, while a
more rapid renal elimination in rat and human would correlate
with known lower systemic levels vs. dog. Overall the results of
these studies will be utilized to confirm that the triclopyr toxicoki-
netic profile of rats is more similar to humans, while dogs present a
very specific excretion system of organic acids. These data are key
to interpret toxicity features in rats. In addition, since the point of
departure for triclopyr risk assessment are bases on rat studies, the
similarities between these two species greatly reduce uncertain-
ties (and, possibly, safety factors) for the use in human health risk
assessment.

https://doi.org/10.1016/j.toxlet.2018.06.1027
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Acute lead poisoning in a golden eagle from
Italian Alps: An evaluation to metals exposure
through blood and feathers analysis
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Lead (Pb) is a metal with high toxicity for wildlife, posing a great
risk especially in long-lived predators such as golden eagle (Aquila
chrysaetos), a widely distributed species of eagle in the North-
ern Hemisphere. The poisoning risk for raptors is manly due to
the ingestion of fragments of Pb ammunition present in big- and
small-game prey. A golden eagle with an acute lead poisoning
(3.7 mg kg−1) was found in Aosta district and was subjected to
chelation treatment in the local Center for the recovery of wildlife.
The metals body burdens was determined in blood and feathers by
ICP-MS five days after the onset of chelation therapy.

In blood we found with the following decreasing mean con-
centrations (mg/Kg): Fe (322) > Zn (6) > Cu (1.4) > Pb (0.93) > Al
(0.75) > Se (0.19) Ni (0.12) > Sn (0.089) > Mn (0.056) > Cr
(0.032); As, Cd and Co were under the limit of quantitation
(LOQ = 0.010 mg kg−1). In feathers we found: Zn (80) > Fe (36) > Pb
(32) > Al (27) > Cu (18) > Mn (1.5) > Ni (1.0) > Se (0.57) > Cr (0.34) > Sn
(0.13) > As (0.11) > Co (0.055) > Cd (<LOQ).

We report an eagle lead poisoning, with abnormal concentra-
tion of lead (0.93 mg kg−1 and 32 mg kg−1 respectively) in blood
and feathers. In fact, a blood level above 0.2 mg kg−1 indicates lead
exposure, while a level above 0.6 mg kg−1 could lead to lethal poi-
soning without chelation treatments. Metals other than lead did
not show values of concern in the examined eagle, and are in the
range found in birds of prey.

Moreover, avian feathers are a reliable noninvasive method that
well reflected the golden eagle body burden. In fact, the concentra-
tions of trace elements in feathers represent circulating levels in
blood at the time of their formation, due to the input of blood to
the feathers; and after feather maturation it still indicate metals
level in the birds. We suggest that feathers could be successfully
employed as a noninvasive method of choice for revealing exposure
to environmental contaminants in birds.

https://doi.org/10.1016/j.toxlet.2018.06.1028
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P25-03
Optimization of differentiation condition for
K562 cell line and rat erythroleukemia cell line

M. Otani ∗ , K. Iwashita, T. Utsumi, S. Kawamura

Sumitomo Chemical Co., Ltd., Environmental Health Science
Laboratory, Osaka, Japan

K562 is a human cell line established from the pleural effusion of
a patient with chronic myeloid leukemia in blast crisis. Rat eryth-
roleukemia (REL) cell line is derived from transplantable tumors
from 7,12 dimethylbenz (�) anthracene-induced erythroleukemia
in the Long-Evans rat. Inducers such as hemin, butyric acid and
hydroxyurea are known to induce differentiation of K562 cells into
erythroid cells, and glycine, dimethyl sulfoxide (DMSO) and hexam-
ethylenebisacetamide (HMBA) are known to induce differentiation
of REL cells into erythroid cells. Therefore, these cells are used
as in vitro model for erythroid cells. However, optimal condition
for differentiation of these cells into erythroid cells was not fully
examined.

We investigated several inducers and the concentration of
inducers, and medium composition such as fetal bovine albumin
(FBS). For K562 cells, hemin, sodium butyric acid (NaB) and DMSO
were chosen for candidate inducers. For REL cells, glycine and
HMBA were chosen. As a result, 1 mM sodium butyric acid and
10% FBS in Roswell Park Memorial Institute Tissue Culture Medium
(RPMI) 1640 was optimal for K562 cells, and 1 mM HMBA and 40%
FBS in RPMI 1640 were optimal for REL cells. Under these condi-
tions, K562 and REL cells can stably differentiate into erythroid
cells.

https://doi.org/10.1016/j.toxlet.2018.06.1030

P25-04
High-throughput and non-depletive
quantification of chemicals in a 3D liver
microtissue in vitro assay

A. Teixeira ∗ , M.-Y. Lee, B. Nicol

Unilever, Safety and Enviromental Assurance Centre, Bedford, UK

In principle, quantitative in vitro to in vivo extrapolation may be
performed based on nominal effect concentrations of chemicals in
an in vitro assay and relating these to total plasma concentrations
in vivo. However, one aspect that this approach neglects is that the
actual biologically effective dose both in vivo and in vitro can be
substantially different from the applied or total dose due to pro-
cesses of partitioning/binding, transport, metabolism, degradation,
solubility or evaporation.

In this study, a semi-automated method was applied to deter-
mine the free concentration and the depletion by metabolism of
diclofenac and dextromethorphan directly from a 96-well plate for-
mat in vitro assay (3D liver microtissues), over a period of 48 h. The
method makes use of novel ultra-thin solid phase micro-extraction
fibers that allow repetitive, non-destructive sampling from low vol-
ume (<100 uL) wells/samples.

https://doi.org/10.1016/j.toxlet.2018.06.1027
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Results were comparable to those of traditional liquid sampling,
whilst allowing sampling multiple time points from the same well
(reducing the number of microtissues required) and the direct mea-
surement of the free concentration in solution.

https://doi.org/10.1016/j.toxlet.2018.06.1031
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Training to prepare human health
undergraduate students to respond to
biological incidents

A. Peña Fernández 1 , F. Machado-Ferreira 1,∗, M.C. Lobo-Bedmar 2

1 De Montfort University, Faculty of Health and Life Sciences,
Leicester, UK
2 IMIDRA, Departamento de Investigación Agroambiental, Alcalá de
Henares, Spain

Academics with experience from the field during the 2014–16
Ebola outbreak (West Africa) have created basic competences to
train human health science students how to respond to chem-
ical/biological incidents following major competences recently
identified by the European Commission. Our competencies were
divided into six domains: identification of the risk and risk analy-
sis; toxicological effect of chemical/biological agents; planning and
organisation of an intervention programme; environmental plan-
ning; communication and information management; safety and
personal protective equipment; societal and ethical reflections. We
have developed a brief educational programme composed of differ-
ent training sessions (lectures and research-led workshops), which
cover each of the different phases of an appropriate response to
any of these incidents. The biological training was tested in dif-
ferent programmes at De Montfort University (UK) in 2016/17:
BSc Biomedical Science (BMS; n = 121) and Medical Science (BMed-
Sci; n = 24). Biomedical scientists are critical for provision of an
appropriate response to these events, as early diagnosis is of
paramount importance to contain the spread of hazards and for
patient care. The training developed seemed successful in providing
these students with the created competences. Thus, 93.1% of BMS
students indicated that they acquired some knowledge of preven-
tion and preparedness against a biological incident (63% agreed;
30.1% strongly agreed); and 94.8% reported that they learnt how
to establish some public health interventions to protect humans in
the aftermath of a biological incident (63.2% agreed; 31.6% strongly
agreed). In relation to the BMedSci students, only 6.7% of them high-
lighted that they did not learn how to tailor a remedial programme
and nearly 70% reported that the use of the “UK Recovery Hand-
book for Biological Incidents” (Public Health England, 2015) was an
appropriate resource for tailoring a recovery response and aided
their environmental recovery learning. To our knowledge, this is
the first attempt at introducing basic training to respond to biologi-
cal incidents in an undergraduate programme. Finally, this training
could easily be adapted and introduced into other health science
programmes to provide this relevant training to future health pro-
fessionals.

https://doi.org/10.1016/j.toxlet.2018.06.1032
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Activities of the Iberoamerican Network of
Toxicology and Chemical Safety

E. de la Peña

Consejo Superior de Investigaciones Científica, Environmental
Toxicology, Madrid, Spain

There is done an exhibition of the activities that from the
Iberoamerican Network of Toxicology and Chemical Safety (RITSQ)
is realized so much in the information and advertisement of
congresses and meetings, since of the information of events
of toxicological interest, which have realized and developed in
iberoamerica, throughout the years passed from the creation of the
RITSQ (2007) and of the web (2008) and the continued presentation
of 100 posters of the RITSQ in Congresses and Meetings. The RITSQ
has realized three meetings in IUTOX’s: Congresses celebrated in
Montreal 2007 (Canada), Barcelona 2010 (Spain) and Merida 2016
(Mexico). Throughout this time from March 2008 to 2018, the num-
ber of visits to the web page has increased sensitively, having a total
of 60,842 users of 140 country, with 90,027 meetings and a total of
188,673 visits to pages. The RITSQ wants to be a platform of com-
munication of all the toxicological activities be going to be realized
and he compromises himself in publishing and spreading the above
mentioned activities of toxicological interest.

https://doi.org/10.1016/j.toxlet.2018.06.1033
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Development of a novel in vitro aerosol
exposure system: The Independent Holistic
Air-Liquid aerosol exposure system (InHALES)

S. Steiner ∗ , P. Herve, S. Majeed, C. Pak, S. Frentzel, J. Hoeng

PMI R&D, Philip Morris Products S.A. (part of Philip Morris
International group of companies), R&D, Neuchatel, Switzerland

Purpose: Simulating the functional and structural complexity of
the human respiratory tract for in vitro aerosol exposure experi-
ments poses a significant technical challenge. This is due to a need
for preservation of relevant exposure parameters that occur nat-
urally during breathing (e.g., flow velocities and patterns, gradual
changes in test atmosphere properties, residence times, and test
atmosphere dilution).

Methods: We developed a novel aerosol exposure system, the
Independent Holistic Air-Liquid Exposure System (InHALES), that
resembles the human respiratory tract structurally and function-
ally. The key features of the system include:

1. Capability of breathing surrounding air and activating inhalers
or taking puffs from various products (e.g., cigarettes) without
relying on any active aerosol supply (Independent)

2. Representation of a complete human respiratory tract, from the
oropharyngeal cavity down to the lung lumen, allowing expo-
sures of tissue cultures in all regions of the respiratory tract
conducted in one single experiment (Holistic)

The system paves the way towards more realistic and efficient
in vitro aerosol exposures. By combining relevant structural and
functional aspects of the human respiratory tract, critical parame-
ters such as flow velocities or aerosol dilution are, by default, close
to in vivo conditions. Therefore, aerosol exposure under realistic
conditions can be performed in various regions of the respiratory
tract simultaneously. At the same time, cost- and labour-intensive
repetitions are reduced along with the bias due to variations in
the repeated aerosol generation. In addition, the system offers the

https://doi.org/10.1016/j.toxlet.2018.06.1031
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highest possible flexibility to simulate physiological conditions of
interest as being able to simulate virtually any relevant breathing
pattern.

Results: A prototype of the system was tested in cell-free expo-
sure experiments using cigarette smoke and fluorescently labelled
glycerol aerosols as test atmospheres. Here, we demonstrate its
technical functionality and reliability, including the repeatability
of exposures and the uniformity of aerosol delivery to replica posi-
tions. Aerosol deposition patterns in the system allow us to relate
them to the in vivo measured or predicted deposition data.

https://doi.org/10.1016/j.toxlet.2018.06.1034
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Evaluation of sex differences in diazepam and
amphetamine conditioned place preference in
Sprague Dawley rats

S. Breche 1,∗ , E. Sablé 1, V. Castagné 1, N. Madar-Balakirski 2,
H. Kedar 2, C. Froger-Colléaux 1

1 Porsolt S.A.S., Le Genest Saint Isle, France
2 Teva Pharmaceuticals, Netanya, Israel

The revised FDA guideline January, 2017 related to the assessment
of abuse potential of drugs, include the recommendation for a New
Chemical Entity to be evaluated in both male and female rodents.
Nevertheless, despite evidence for an impact of sex difference in
humans, the corresponding impact in rodents needs further eval-
uation. The aim of this study was to evaluate the impact of sex
on diazepam and amphetamine -induced conditioned place pref-
erence (CPP) in rats using a two-chambered CPP apparatus and a
biased procedure.

Four groups of 12 male or 12 female Sprague Dawley rats were
subjected to a pre-conditioning session with free access to both
sides of the CPP apparatus and were then assigned to groups
based on initial preferences for a compartment. Rats were then
given 2 conditioning sessions per day for 4 days, where they were
allowed to explore one side of the two-chambered box after an
i.p. administration of drug (diazepam or amphetamine) or vehicle
(physiological saline). Drugs were paired with the least preferred
compartment. 24 h after the conditioning, the rats were evalu-
ated for preference for the drug-paired compartment. The data
are expressed as percent time spent in the drug-paired compart-
ment test session (20 min) and compared to the control group using
unpaired Student’s t test.

In male rats, diazepam 2.5 mg/kg i.p. did not affect the per-
cent of time spent in the drug-paired compartment compared with
vehicle controls (+7%, NS). Amphetamine 2 mg/kg i.p. significantly
increased the percent of time spent in the drug-paired compart-
ment (+27%, p < 0.01) with a similar trend at 1 mg/kg i.p. (+18%,
p = 0.0675). In female rats, diazepam 2.5 mg/kg was also devoid
of effects, whereas amphetamine 1 and 2 mg/kg i.p. significantly
increased the percent of time spent in the drug-paired compart-
ment (+35%, p < 0.001 and +27%, p < 0.001, respectively).

These data indicate the presence of reinforcing properties for
amphetamine at 2 mg/kg i.p. in male and female rats and at
1 mg/kg i.p. in female rats, suggesting no marked sex difference in
drug-induced CPP in the present experimental conditions. Stud-
ies evaluating additional drugs would be useful to support the
new guideline, taking into account the 3R’s principle in preclinical
research.

https://doi.org/10.1016/j.toxlet.2018.06.1035
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Ni (II) complexes with different ligands express
various degree of cytotoxicity

L.V. Dyakova 1,∗ , T. Zhivkova 2, M. Georgieva 3, G. Miloshev 3,
R. Kalfin 1, R. Tudose 6, G. Marinescu 5, I. Pantcheva 4,
E.-M. Mosoarca 6, D.-C. Culita 5, L. Patron 5, O. Costisor 6,
R. Alexandrova 2

1 Bulgarian Academy of Sciences, Institute of Neurobiology, Sofia,
Bulgaria
2 Bulgarian Academy of Sciences, Institute of Experimental
Morphology, Pathology and Anthropology with Museum, Sofia,
Bulgaria
3 Bulgarian Academy of Sciences, Institute of Molecular Biology, Sofia,
Bulgaria
4 Sofia University “St; Kliment Ohridski, Faculty of Chemistry and
Pharmacy, Sofia, Bulgaria
5 Romanian Academy, Bucharest, Romania, Institute of Physical
Chemistry “Ilie Murgulescu”, Bucharest, Romania
6 Romanian Academy, Bucharest, Romania, Institute of Chemistry
Timisoara of the Romanian Academy, Timisoara, Romania

The aim of our study was to evaluate comparatively the cyto-
toxic activity of eight Ni(II) complexes with different ligands:
mannich bases (N,N’-bis(4-antipyrylmethyl)-piperazine - BAMP
or N,N’-tetra-(antipyryl-1-methyl)-1,2-diaminoethane - TAMEN),
non-steroidal antiinflammatory drugs (meloxicam, piroxicam,
isoxicam) and monensin, on viability and proliferation of cultured
human tumor and non-tumor cells.

The following permanent cell lines were used as model systems
in our investigations: MCF-7, SK-BR-3, MDA-MB-231 (breast can-
cer), A549 (non-small cell lung cancer), HeLa (cervical carcinoma),
HT29, Caco2 (colorectal adenocarcinoma), HepG2 (hepatocellular
carcinoma), 8MGBA (glioblastoma multiforme) and Lep-3 (non-
tumor embryonic fibroblasts).

The investigations were performed by thiazolyl blue tetrazolium
bromide (MTT) test, neutral red uptake cytotoxicity assay, crystal
violet staining, double staining with acridine orange and propid-
ium iodide, comet assay and Annexin/FITC assay in short-term
experiments (24–72 h) with monolayer cell cultures. Long-term
experiments (16–30 days) were carried out to examine the influ-
ence of the compounds on 3D cancer cell colony formation.

The obtained results reveal that the compounds investi-
gated express various degree of cytotoxicity that is time- and
concentration-dependent. Ni(II) complexes with BAMP are more
cytotoxic than Ni(II) complexes with TAMEN. Both mannich bases
(BAMP and TAMEN) do not decrease significantly viability and pro-
liferation of the treated cells. Ni(II) complex of monensin has been
found to be the most pronounced cytotoxic agent among the com-
pounds investigated. Lep-3 non-tumor cells are also sensitive to the
cytotoxic effect of the tested Ni(II) complexes.

Acknowledgements: This study was supported by: Operational
Programme “Science and Education for Smart Growth” 2014–2020,
co-financed by the European Union through the European Struc-
tural and Investment Funds, Grant BG05M2OP001-2.009-0019-C01
from 02.06.2017; Fund “Scientific Research”, Bulgarian Ministry of
Education and Science, Grant N◦ Б 02 30 from 12.12.2014; bilat-
eral project between Bulgarian Academy of Sciences and Romanian
Academy.
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A lipase biosensor using digital camera for the
determination of neurotoxic compounds

M. Pohanka 1,∗ , J. Zakova 1, I. Sedlacek 2

1 University of Defence, Faculty of Military Health Sciences, Hradec
Kralove, Czech Republic
2 Masaryk University, Czech Collection of Microorganisms,
Department of Experimental Biology, Brno, Czech Republic

This work is focused on the construction of a biosensor with inter-
digitated unique bacterial homogenate with high lipase activity
and colorimetric type of assay where camera of a smartphone was
chosen as a detector. The biosensor was constructed as a tool of
lipase inhibitors and paraoxon served as a representative analyte
inhibiting the lipase.

Psychrophilic strains of bacteria isolated from in Antarctica were
tested and the best isolate P4368 having huge lipase activity was
chosen. Tween assay was performed as a standard method for lipase
activity determination and indoxylacetate served as a substrate of
lipase measurable by smartphone camera and R, G and B color chan-
nels digital analysis. Bacteria were homogenized and immobilized
on polyvinylidene difluoride membrane and indoxylacetate was
immobilized in the proximity of the homogenate. Paraoxon ethyl
was analyzed by the standard method and by the camera-based
biosensor.

The biosensor-based assay was found to determine paraoxon
with limit of detection 3.72 × 10−8 mol/l and IC50 value for
paraoxon was 4.00 × 10−6 mol/l. A volume 5 �l of sample was suf-
ficient for the assay and the sample was applied directly without
any processing.

In a conclusion, simple colorimetric biosensor for the determi-
nation of venomous compounds like organophosphorus pesticides
and nerve agents was constructed.

https://doi.org/10.1016/j.toxlet.2018.06.1037
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Useful series of positive control compounds for
colony formation cytotoxicity test

K. Isama ∗ , N. Katsuyama

Teikyo Heisei University, Faculty of Pharmaceutical Sciences, Tokyo,
Japan

Purpose: Relatively strong positive control compounds, such as
zinc diethyldithiocarbamate (ZDEC), and zinc dibutyldithiocarba-
mate (ZDBC), are commonly used to test medical devices for in vitro
cytotoxicity; however, they are not suitable for testing relatively
weak cytotoxic compounds. Thus, we established a new series of
positive control compounds that can be used to classify a wide
range of cytotoxic compounds.

Methods: A series of positive control compounds, compris-
ing 1,3-Diethyl-2-thiourea (DETU), 1,3-dibutyl-2-thiourea (DBTU),
ZDEC, and ZDBC, was used to evaluate the cytotoxicity of
seven phosphite triesters, six phosphate triesters, seven 4-
hydroxybenzoates, and 4-hydroxybenzoic acid, using a colony
formation assay. The assay was conducted using V79 Chinese
hamster lung fibroblasts that were maintained in Eagle’s minimal
essential medium, which was supplemented with 10% fetal bovine
serum (ISO 10993-5:2009). The cytotoxic potential of each com-
pound was expressed as the concentration at which the relative
plating efficiency was reduced to 50% (IC50). The IC50 values for the
tested compounds were then compared to those calculated for the
four positive control compounds.

Results and discussion: The IC50 values of four positive control
compounds were distributed in the order of 10−1 to 102 �g/mL, and
were used to classify the cytotoxicity of test compounds as ‘Very
Severe’, ‘Severe’, ‘Moderate’, ‘Mild’, or ‘None/Slight’. Specifically,
the cytotoxicity of two phosphite triesters, five phosphate triesters,
and four 4-hydroxybenzoates was found to be Moderate, whereas
that of three phosphite triesters, one phosphate triester, and three
4-hydroxybenzoates was shown to be Mild. The remaining two
phosphite triesters, and 4-hydroxybenzoic acid were classified as
incurring None/Slight cytotoxicity. Thus, the analyzed positive con-
trol series was successfully employed to classify the cytotoxicity of
a wide range of compounds.

Conclusion: Our series of positive control compounds was use-
ful for classification of cytotoxicity.

https://doi.org/10.1016/j.toxlet.2018.06.1038
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Treatment of impaired wounds –
Understanding the therapeutic mechanisms of
umbilical cord-derived mesenchymal stem cells
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Mesenchymal stem cells (MSCs) have been shown to be implicated
in wound healing, in a process that involves mechanisms such as
homing and cell recruitment. Our previous work showed that a
specific population of human umbilical cord tissue-derived MSC
(UC-MSCs) and human bone marrow-derived MSCs (BM-MSCs)
present different secretomes, leading to distinct effects in wound
healing. Specifically, UC-MSCs secrete granulocyte-colony stimu-
lating factor (G-CSF), which is a key factor for the recruitment of
BM-MSCs by UC-MSCs. This study aimed at elucidating the abil-
ity of UC-MSCs to home to a wound site and to recruit BM-MSCs.
Additionally, the UC-MSC therapeutic effect on an impaired wound
healing model was also evaluated. An in vivo transplantation model
for chemoattraction was used to evaluate the UC-MSC recruit-
ing ability, confirming that systemically administered BM-MSCs,
labelled with DiD fluorescence marker (BM-MSC-DID), migrated
towards UC-MSCs seeded in a scaffold previously implanted in
severe combined immunodeficient (SCID) mice. For exploring the
homing of UC-MSCs to wounds, an injury was inflicted 1 cm far
from the scaffold containing UC-MSC-DID, which attracted them
to the wound site. Moreover, shRNA silencing of G-CSF in UC-MSCs
(UC-MSC shG-CSF) led to the loss of their homing ability, sug-
gesting that MSC-specific homing properties depends on G-CSF.
Finally, to evaluate if UC-MSCs were able to induce in vivo heal-
ing of impaired wounds, an excisional wound healing model was
used, in which characteristics of impaired healing, such as retarded
closure, were achieved by inducing diabetic state in C57BL/6 mice.
Preliminary observations revealed that UC-MSCs induced healing
of impaired wounds by accelerating wound closure when com-
pared to untreated wounds. Additionally, UC-MSC shG-CSF-treated
wounds tendentially presented a delayed wound resolution, when
compared with UC-MSC-treated wounds, further supporting the
role of G-CSF in UC-MSC regeneration capacity. Overall, this work

https://doi.org/10.1016/j.toxlet.2018.06.1037
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contributes for the understanding of the therapeutic mechanisms
of UC-MSCs in wound healing, also providing safety data for future
clinical applications in different pathological or toxicological con-
texts.

https://doi.org/10.1016/j.toxlet.2018.06.1039
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Prevalence, knowledge, beliefs, and attitudes of
doping among future coaches and athletes
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Backgrounds: Because of tremendous numbers of new substances
used in doping, anti-doping program shifted their policy from
detection to prevention. So it became mandatory to understand
attitudes, beliefs, and knowledge to prepare efficient educational
course. No Egyptian work has addressed this issue before especially
it is important to study at different culture and locality.

Purpose: We aimed to identify knowledge, beliefs, attitudes,
and prevalence of doping among a student sample from Physical
Education Faculty - Suez Canal University. Those students will be
coaches in the future and already some of them athletes in different
sports.

Method: An anonymous self-reported validated questionnaire
was administered to a representative student sample.

Results: the prevalence among the surroundings was very high
in comparison to self reported personal use and whom willing to
use in the future. Most students showed lack of knowledge although
their anti-doping attitude with negative beliefs regarding top ath-
letes and doping control.

Conclusion: it was recommended to this faculty to change their
policy by early teaching an updated extended course about doping
instead of giving them light course at their last academic year. This
is very important to immunize the students against the surround-
ings with the updated knowledge that have impacts on their beliefs,
behaviors, and attitudes.

https://doi.org/10.1016/j.toxlet.2018.06.1040
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Little is known whether genetic variants identified in genome-
wide association studies interact to increase bladder cancer risk.
Recently, we identified two- and three-variant combinations asso-
ciated with a particular increase of bladder cancer risk in a urinary
bladder cancer case-control series (IfADo, 1501 cases, 1565 con-
trols).

In an independent case-control series (Nijmegen Bladder Can-
cer Study, NBCS, 1468 cases, 1720 controls) we confirmed these
two- and three-variant combinations. Pooled analysis of the two
studies as discovery group (IfADo-NBCS) resulted in sufficient sta-
tistical power to test up to four-variant combinations by a logistic
regression approach. The New England and Spanish Bladder Cancer
Studies (2080 cases and 2167 controls) were used as a replication
series.

Twelve previously identified risk variants were considered.
The strongest four-variant combination was obtained in never
smokers. The combination of rs1014971[AA] near APOBEC3A and
CBX6, SLC14A1 exon SNP rs1058396[AG,GG], UGT1A intron SNP
rs11892031[AA], and rs8102137[CC,CT] near CCNE resulted in an
odds ratio of 2.59 (95% CI = 1.93–3.47; P = 1.87 × 10−10), while the
individual variant odds ratios ranged only between 1.11 and 1.30.
The combination replicated in the New England and Spanish Blad-
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der Cancer Studies (OR = 1.60, 95% CI = 1.10–2.33; P = 0.013). The
four variant combination is relatively frequent, with 25% in never
smoking cases and 11% in never smoking controls (total study
group: 19% cases, 14% controls).

https://doi.org/10.1016/j.toxlet.2018.06.1041
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A pilot education program in collaboration with
World Health Organization to increase
knowledge and awareness amongst medical
students of “Environmental Preventive
Medicine”

E. Todaka 1,∗ , S. Shiga 1, K. Poore 2, P. Fenichel 3, C. Mori 1

1 Chiba University, Centre for Preventive Medical Sciences,
Chiba-City, Japan
2 University of Southampton, Institute of of Developmental Sciences,
Faculty of Medicine, Southampton, UK
3 University of Nice Sophia Antipolis, Faculty of Medicine, Nice, France

Purpose: Environmental medicine in modern society is increas-
ingly important: reducing environmental risks will help to prevent
possible adverse health effects for future generations [1]. To date,
this subject has not been a major subject in medical education,
therefore we aim to increase knowledge and interest of the issue
amongst future doctors. A unique collaboration between Chiba
University, Japan, the University of Nice Sophia Antipolis, France
and World Health Organization (WHO) designed an environmental
education course for medical schools.

Methods: A pilot medical education course took place at Univer-
sity of Nice Sophia Antipolis on 22–23 November, 2017. The course
was offered to medical students from University of Nice Sophia
Antipolis (year 4) and Chiba University (Graduate students). More
than 100 medical students attended the course, given by 10 lec-
turers from France, UK, USA and Japan. WHO’s existing educational
modules regarding children’s environmental health [2] were used
as guides for the presentations that included information on the
unique susceptibility of children, developmental origins of health
and disease (DOHaD), epigenetics, the effects of a range of different
environmental exposures throughout the life course and possible
interventions to reduce risk. Case studies were presented. Students’
knowledge of the topics was assessed before and after the course
using smartphone software and course evaluation was performed
by questionnaire (questions ranked 1 (lowest) to 5 (highest)) and
free comments.

Results and discussion: Knowledge of the topics was increased
by the course in all students. Students found the course highly intel-
lectually stimulating (average score 4.7) and the course was given
an overall rating of 4.4 out of 5. Suggestions from students and our
own appraisal of the pilot course will allow for improvements to
future deliverance of the course, for example making it available
to students from any year group and other health care trainees. A
promotional video created from the course will be displayed during
the poster presentation.

References

Mori, Todaka, 2017. For a healthier future: a virtuous cycle for reducing exposure to
persistent organic pollutants. J. Epidemiol Community Health.

World Health Organization, Children’s Environmental Health, Training modules
and instructions for health care providers http://www.who.int/ceh/capacity/
training modules/en/.
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By January 1st 2019 the Netherlands Society of Toxicology (NVT)
implemented a new credit system for re-registration in line with
the EUROTOX registration guidelines for the European Registered
Toxicologist (ERT) of 2016.

The registrant earns credits for activities in two categories:
‘receiving’ and ‘sending’. Receiving covers advancement of the
registrant’s own knowledge, expertise and skills by continuous
professional development activities. Sending relates to active con-
tributions such as to the development of the field of toxicology
(talks at conferences, teaching, publishing papers etc.) or to the role
of toxicology in the society (e.g. active contributions to national and
international expert committees, public appearances, etc). Since
both aspects are important, a minimum of 4 credits per year should
be spent on ‘receiving’, and 4 credits on ‘sending’. The remaining 2
credits may be allocated to either of the two categories. The min-
imum requirement is 50 credits over a five year period. A surplus
of credits can be transferred to the next year within the five year
registration period.

The registrant declares the time spent on toxicology as part
of the job description. For special projects registrants may claim
credits in a portfolio. If details cannot be disclosed for reasons of
confidentiality the registrant may provide a reflection report to
describe the candidate’s toxicology contribution on a meta level.

The NVT validates committee memberships and other active
contributions to the society directly into an online system. Like-
wise, the coordinator of postgraduate education in toxicology
(PET) validates courses that have been successfully completed by
the registrant. Two RT members of the Registration Committee
will perform an independent evaluation upon the request for re-
registration as ERT. Conflicting evaluations are discussed in the
next Registration Committee meeting. If the registrant does not
agree with the decision of the Registration Committee, an appeal
can be filed that will be considered by the independent committee
of appeal. This new credit system will also be facilitated by an online
system to be developed for which other toxicological societies are
invited to join.

https://doi.org/10.1016/j.toxlet.2018.06.1043
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Before in vitro studies were developed, to replace them, the assess-
ment of skin or eye irritation using the OECD TG 404 or 405
guidelines was based on the evaluation of lesions of skin or eyes
in rabbit studies according to the Draize system. This required the
translation of in vivo observations into a generic scoring index sub-
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jectivity by a technician. Prior to the global harmonization system
(UN GHS, 2003), other scoring systems existed, such as the Primary
Irritation Index (PII) for skin irritation and the Modified Maximum
Average Scores (MMAS) for eye irritation. However, neither scores
can be interpreted according to the current harmonized EU CLP/UN
GHS using the cut-off limits for classification.

The aim of this work was to determine which lesion(s) of skin
or eye principally drive classification in order to create a relevant,
simplified score that can be used as a QSAR model input to predict
the skin and eye irritation potential.

Following validation of hundreds of studies obtained from the
literature, a quantitative approach was proposed for skin irritation
substance classification, calculating a Simplified Irritation Index
(SIISKIN) based on erythema only. For eye irritation, the quantita-
tive approach was based on two descriptors: corneal opacity and
conjunctival redness. Depending on the cut-off limits determined
respectively for the SIISKIN and SIIEYE, the substances are classified
as non-irritant, potentially irritant, irritant or corrosive to skin or
eyes.

The SIISKIN and SIIEYE were based on validated studies from mul-
tiple chemical groups demonstrating a:

- correlation between the SIISKIN or SIIEYE and the classification
following the CLP/GHS criteria.

- proportionate relationship between the SIISKIN and the PIIs and,
- poor relationship between the SIIEYE and the MMAS for the same

set of substances.

Using a conservative approach, several substances were classi-
fied as corrosive instead of irritant to the eyes using the SIIEYE and
the criteria for classification in Category 1 in the CLP.

SIISKIN and SIIEYE are therefore relevant scores to simplify the
results available from the huge amount of in vivo data facilitat-
ing modelling to predict skin irritation and eye irritation potential,
respectively.

https://doi.org/10.1016/j.toxlet.2018.06.1044
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Introduction: Thermal therapy has been used for centuries and
Portugal is one of the richest European countries in mineral medic-
inal waters. However, in contrast to other European thermal
centers, scientific studies sustaining the beneficial effects of Por-
tuguese thermal waters (TW) are scarce. These natural resources
are frequently used to reduce or treat symptoms related to skin

and respiratory disorders, which are associated to an unfavorable
inflammatory milieu.

Aim: In order to fill this gap the present study was focused in
the evaluation of the anti-inflammatory activity of several TW in
vitro, pertaining to thermal spa’s located in the Centre Region of
Portugal. The molecular mechanisms behind their bioactivity were
also disclosed.

Methods: The bioactivity of TW with different chemical pro-
files, namely four Sulphurous/Bicarbonated/Sodic (SBS), three
Sulphurous/Bicarbonated/Sodic/Fluoridated (SBSF) and one Mag-
nesium/Ferric (MF) waters, was evaluated on the following
inflammatory parameters using the in vitro model of inflam-
mation consisting of mice macrophages (RAW 264.7) stimulated
with lipopolysaccharide (LPS): (i) nitric oxide (NO) production; (ii)
expression of the pro-inflammatory enzyme inducible nitric oxide
synthase (iNOS); (iii) TW’s scavenging activity. Cell metabolism
was also assessed through the Alamar blue assay to monitor cell
viability.

Results: MF, SBSF and one SBS TW diminished NO production
triggered by LPS, which seems to occur, in general, in a pH depen-
dent manner. Interestingly, the molecular mechanisms implicated
in NO depletion are apparently different since:

- Cells exposed to the MF TW (acidic pH) did not show alterations in
metabolism or in iNOS expression levels but exhibited scavenging
activity;

- Cells exposed to the SBS TW (basic pH) showed a decrease in iNOS
expression;

- All SBSF TW (basic pH) upregulated iNOS but reduced cellular
metabolism.

Conclusions: Overall, the reduction in NO production sustains
the anti-inflammatory activity of several Portuguese TW, suggest-
ing their application in several dermatological conditions according
to their specific characteristics. In addition, TW able to reduce cell
metabolism can be useful as therapeutic strategies to hyperprolif-
erative skin pathologies.

This work was financed by the European Regional Development
Fund (ERDF), Centro 2020 Regional Operational Programme and
Economic Enhancement Program for Endogenous Resources - 3rd
phase - PROVERE: project CENTRO-04-3928-FEDER.
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Microextraction by Packed Sorbent (MEPS) for
the determination of Polybrominated Diphenyl
Ether (PBDE) in eggs by Gas
Chromatography-Mass Spectrometry (GC-MS)

M.C.O. Souza ∗ , B.A. Rocha, J.M.O. Souza, F. Barbosa Júnior

University of Sao Paulo - School of Pharmaceutical Sciences of
Ribeirao Preto, Department of Clinical Analysis, Toxicology and Food
Science, Ribeirao Preto, Brazil

The flame retardants (FR) are classified as emerging contaminants
and persistent organic pollutants, they are used to reduce the fire
hazards in materials used in buildings, and an important class of
FR is the Polybrominated Diphenyl Ether (PBDE). Some studies
have suggested the potential for harmful effects to human health
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for many of these compounds. The mains of exposure routes are
through foods, including eggs, fish, meat, and milk, and also through
of inhalation and ingestion dust. In this present study, a novel
method combining microextraction by packed sorbent (MEPS) and
gas chromatography coupled to mass spectrometry (GC-MS) was
developed and validated for the extraction, preconcentration, and
determination of 6 congeners of PBDEs (BDE-28, BDE-47, BDE-99,
BDE-100, BDE-153, and BDE-154) in eggs samples. The advan-
tages of this method include small amount of sample required
in the analyzes (20 mg of freeze-dried egg), low quantification
limit (LOQ = 0.4 �g/g lipid), absence of matrix effect, high recov-
ery, reproducibility and repeatability of the results, and use of the
sample preparation technique not yet described for determination
of PBDEs in food samples. The method was applied in 40 eggs com-
mercial samples, and the BDE-47 was quantified in 30% of them.
The BDE-100 and BDE-153 were quantified in 5 analyzed samples.
And the BDE-99 and BDE-154 were determined in 2 and 1 samples,
respectively. The mean of the sum of PBDE was 1.41 �g/g lipid. The
Estimated Daily Intake (EDI) calculated was 0.135 ng de PBDE/kg-
day. The results of this study provide preliminary and unpublished
data regarding the concentrations of PBDEs in foods consumed in
Brazil.

https://doi.org/10.1016/j.toxlet.2018.06.1047
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A comprehensive analysis of T-wave morphology changes has
recently emerged as a testing strategy to evaluate drug-induced
ion channel blockade and proarrhythmic risk using ECG data from
clinical trials. This retrospective study assessed the JTpeak and Tp-e

intervals as novel non-clinical proarrhythmia biomarkers. Lead II
ECG telemetry data was analyzed from Beagle dogs and monkey
studies by members of the HESI consortium using pattern recog-
nition methods with various software platforms. JTpeak and Tp-e

duration was also quantified in groups given known drugs. Baseline
JTpeak and Tp-e were HR dependent in both species and individ-
ual rate correction methods were evaluated as JTpeak corrected
(JTpc) and Tp-e corrected (Tp-ec). Drugs such as sotalol, dofetilide,
thioridazine, cisapride, quinine and moxifloxacin were generally
associated with an increase in JTpc similar to QTc interval prolon-
gation. Drugs such as captopril, verapamil, nifedipine, minodixil

and milrinone were generally associated with minimal effects
or shortening of JTpc. The anesthetic medetomidine decreased
body temperature, increased JTpc in monkeys; however, shortened
the Tp-ec interval. Atenolol and pimobendan showed no notable
effect on these two QT subinterval biomarkers. Both JTp-c and
Tp-ec demonstrate promise as complementary biomarkers to drug-
induced QT interval changes and may play a role in proarrhythmia
risk assessment. However, experimental methods and factors that
influence variability of these ECG parameters in non-clinical species
need to be evaluated. Evaluation of a broad range of control drugs
to validate these measures is required to establish their trans-
lational and discriminative value in drug safety pharmacology
studies.

https://doi.org/10.1016/j.toxlet.2018.06.1048
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TOX-OER (Learning Toxicology through Open Educational
Resources) is an Erasmus+ Action KA2 Project, involving seven
European countries, which aims to develop an international
Massive Open Online Course (MOOC) on Toxicology. Its purpose is
to enhance digital integration in learning, teaching, training and
youth work at various levels by developing scientific, pedagogical,
informative and formative materials. TOX-OER MOOC platform is
already available online (https://toxoer.com/), being the MOOC
in English and all partner-country languages in a construction
process.

The MOOC is organized into seven modules: General Con-
cepts; Pharmaco-Toxicokinetics; Main Groups of Xenobiotics;
Environmental Pollutants; Target Organ Toxicity and Biomarkers;
Environmental Toxicology; and Patents and Patent Application.
They constitute a total of 31 ECTS and include an introduction to
the module, video lessons, intermediate evaluation or active online
learning activities, text based learning resources, a final evaluation
test and bibliography.

The Target Organ Toxicity and Biomarkers module (8 ECTS)
includes 5 topics, one of which is dedicated to liver toxicity
(2 ECTS). Hepatic physiology and structure are described, as
well as their tight relationship with hepatotoxicity. Hepatotoxic-
ity mechanisms are presented, namely those related to intrinsic
and idiosyncratic (allergic and non-allergic) xenobiotic-induced
hepatotoxicity. Both direct and indirect mechanisms of toxic-
ity, such as the formation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), lipid peroxidation, mitochondrial
injury, cytoskeleton rupture, massive calcium entry, or binding
to cell macromolecules (eg, DNA and proteins), are described.
Additionally, a full unit is dedicated to the explanation of the
main types of liver damage, underlying mechanisms and exam-
ples of agents inducing hepatotoxicity. Particular relevance is
given to hepatocellular death, inflammation/hepatitis, steatosis,
fibrosis and cirrosis, cholestasis and tumors. A section refers to
clinical manifestation of hepatotoxicity and biomarkers of liver
damage.

The use of this pedagogical tool focused in the liver will allow
the learning of Toxicology, not only in the classroom but also in any
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computer of the world. This project has been funded with support
from the European Commission.

https://doi.org/10.1016/j.toxlet.2018.06.1049
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Nrf2 (nuclear factor erythroid 2-related factor 2) is a transcriptional
factor that regulates expression of detoxification and antioxidant
enzymes in response to cellular events such as electrophilic and
oxidative attacks. Recently, it has been reported that lack of Nrf2
delays the completed recovery in terms of the weight after partial
hepatectomy (PH), suggesting that Nrf2 plays an important role in
the process of liver regeneration. However, its detailed molecular
mechanisms are not fully understood. In present study, the kinet-
ics of proliferative hepatocytes in Nrf2-deficient mice after PH was
compared with those in their wild type of mice. A PH or sham oper-
ation was performed on 10 or 11-week-old male Nrf2-deficient and
Nrf2-wild-type mice. The labelling indices (LIs) of proliferating cell
nuclear antigen (PCNA)-positive hepatocytes were examined at 6,
24, 48, 96 or 168 h after PH. The LIs were elevated and reach the peak
at 48 h after PH in Nrf2-wild-type mice. Although the LIs returned
to the normal level at 168 h after PH, in Nrf2-wild-type mice, those
in Nrf2 deficient mice remained at high level and reach the peak
at this time. Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) level were significantly elevated from 6 to
48 h and decreased from 96 to 168 h after PH in both genotypes,
indicating that there were no inter-genotype differences in the
extents of hepatocyte injuries. Western blot analysis showed that
the level of phosphorylated STAT3 in the liver of Nrf2-wild-type
mice was higher than that in Nrf2-wild-type mice at 168 h after PH.
The overall data suggested that Nrf2 might be required for termi-
nating liver regeneration. Considering no inter-genotype changes
in liver injury, Nrf2 might directly regulate hepatocyte proliferation
by inactivation of STAT3-related mitogenic responses.

https://doi.org/10.1016/j.toxlet.2018.06.1050
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Distinguishing test article-related and -unrelated deaths is critical
in interpreting nonclinical study data as deaths of unknown cause
that may be test article-related warrant further understanding
of the mechanism of the drug candidate and bring more chal-
lenges to risk assessment and ultimately regulatory submission
and approval. Conventionally and scientifically, the cause of the
deaths occurred in animal studies is judged by comprehensive
considerations including comparison with the concurrent control,
consistency of dose dependency (more applicable to small molecule
chemical drugs), time and incidence of deaths, reference to back-
ground pathology lesions of the specific species, and comparison

of findings with animals that survived to scheduled termination.
The purpose of this investigation is to analyze the spontaneous
lesions that resulted in test article-unrelated deaths in rat stud-
ies conducted at the facility and provide references as background
data. A retrospective analysis was performed on approximately
100 repeated dose rat studies of 4-week duration or longer com-
pleted so far. The animals used on studies were Sprague Dawley rats
sourced from BioLASCO Taiwan Co., Ltd. and Vital River Laboratory
Animal Technology Co., Ltd. Beijing and Wistar Han rats sourced
from Charles River Laboratories, USA. The results showed that test
article unrelated deaths due to spontaneous lesions were noted
in approximately 13% studies and represented approximately 1‰
of total animals used on the studies. Among these, about half
of the incidences were related to spontaneous tumors including
lymphosarcoma, histiocytic sarcoma, mammary adenomas, lym-
phocytic leukemia, and other solid tumors (masses); the remaining
incidences were considered related to other lesions in various
organs.

https://doi.org/10.1016/j.toxlet.2018.06.1051
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The small intestine is endowed with drug transporters and drug
metabolizing enzymes, and thus has a pivotal role in the absorp-
tion of orally administered drugs. Currently, the pharmacokinetics
in the small intestine is mainly evaluated using animal models
and Caco-2 cells. However, the results are not necessarily accu-
rate owing to species differences or disparities in the expression
levels of drug metabolizing enzymes. Therefore, novel evalua-
tion models that imitate the human tissue need to be developed.
Recently, human intestinal organoids (HIOs) were generated from
human-induced pluripotent stem cells, and contain an epithe-
lium besides the various cells which constitute the intestinal
tissues. Although the HIOs are featured as a novel in vitro evalu-
ation system, they are still immature. Hence, we generated more
mature HIOs and evaluated their applicability as a useful evalua-
tion system in drug discovery research. The mRNA expression of
the intestinal markers and pharmacokinetics-related genes was
markedly increased with the addition of differentiation-inducing
small molecule compounds. Using immunostaining, tight junc-
tion proteins, cell proliferation markers, and drug transporters
were also examined. Thus, we suggest that the small molecule
compounds used are useful for promoting differentiation in HIOs.
Additionally, we maintained the HIOs for two more months and
noticed sustained high gene expression levels. Furthermore, the
HIOs were transplanted under the kidney capsule of immunode-
ficient mice and observed their engraftment and expansion after
eight weeks of transplantation. The usefulness of HIOs for pre-
dicting the human intestinal pharmacokinetics and drug toxicity
is evident from our results. HIOs are also expected to be applied
to cell sources for the treatment of inflammatory bowel disease as
well as the generation of in vivo models that have a human intestine.

https://doi.org/10.1016/j.toxlet.2018.06.1052
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Influence of chemicals, in particular pesticides, on the developing
organism represents a serious risk in development of neurologi-
cal disorders. According to the epidemiological data, children who
exposed to pesticides during prenatal or early postnatal periods
suffer from different neurobehavioral disorders, which include
hyperactivity, learning disabilities, autism, behavioral and emo-
tional problems. Epidemiological observations can point out only
at the relation between pesticides exposure and various neurolog-
ical deficits. While experimental studies on laboratory animals can
show the neurotoxic effects of pesticides on developing organism.
The present study was conducted in accordance with OECD 426 and
GLP requirements. Developmental neurotoxicity study includes
special approaches in investigating clinical observations, physical
development, behavioral ontogeny, neuropathology, learning and
memory in different periods of rats development. Dams Wistar
Hannover were administered by zeta-cypermethrin orally at doses
0; 5.0; 12.5; 35.0 and 70.0 mg/kg/bw from day 6 of gestation to
day 21 of lactation. Young and adolescent rats were more sensi-
tive to exposure of zeta-cypermethrin at doses 35.0 and 70.0 mg/kg
(by landmarks of physical development, clinical observations and
repeated behavioral reactions). In adult rats were detected changes
in sexual behavior and memory testing at dose 70.0 mg/kg. In com-
parison between sexes males were more sensitive. Exposure of
zeta-cypermethrin from day 6 of gestation to day 21 of lactation
at doses 35.0 and 70.0 mg/kg/bw induce the developmental neuro-
toxic effects in rats. Developmental neurotoxicity study should be
conducted for pesticides which show neurotoxic effects on adult
rats in toxicity investigations.

https://doi.org/10.1016/j.toxlet.2018.06.1053
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Illegal use of poisoned baits to kill animals is a serious threat to
wild and domestic animals and public health. Although European
law condemns and pursues this practice, animal poisoning is still
common. A suitable post-mortem examination and toxicological
analysis are essential to determine poisoning cases. These cases
are a challenge for Toxicology laboratories mainly due to the vari-
ety and complexity of biological matrices with different stages of
decomposition and the numerous products that may be involved.
The aim of this review is to collect information regarding different
methods used to analyzed the main compounds involved in ani-
mal poisoning, such as anticholinesterase pesticides, rodenticides,
and other products used to kill animals, including �-chloralose,
strychnine or metaldehyde, in samples of animal origin, reported
in the last decades, which will help to develop and optimize
new techniques applicable to cases of poisonings. For this pur-

pose, an extensive search of the literature available was conducted
using keywords (forensic, poisoning, animal, analysis), plus the
noun of the searched compound. Published techniques are mainly
described for the analysis of anticholinesterase pesticides, rodenti-
cides, strychnine and metaldehyde. The most commonly analyzed
samples are blood and liver. In addition of these matrices, it is
important to highlight the analysis of baits. The most frequently
used methods for extraction of toxic compounds are based on solid
phase extraction procedures (SPE and dSPE). Depending on the
chemical compound and the analytical technique used, different
sample amount is needed. The extraction solvent more frequently
used is acetonitrile. Both, LC-MS and GC-MS, are the analytical tech-
niques more widely used. The matrix interference could be one
of the most interfering factors on the analytical results, therefore,
current methods should be assessed and optimized to be used on
different matrices and to detect different toxic compounds involved
in animal poisoning.

Acknowledegments: To SENECA Foundation (MASCA’2014
project. 19481/PI/14 and 20031/SF/16). To MICINN (RECODEP
Project CGL2013-40975-R).
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Experimental toxicity assessment by adopted OECD guidelines
is an important stage of selection of candidate chemical sub-
stances during the development of a new specific purpose product.
Toxic properties of the synthesized substance – S-(diethyl-amino)
ethanol-ether of para-brom-benz-thio-hydroxime acid hydrochlo-
ride (S-XX) having properties of reactivator of cholinesterase
inhibited by organophosphorus compounds were studied. Purpose
of the study was to evaluate acute and repeat dose toxicity of S-XX
in laboratory animals.

Acute toxicity of intramuscularly (i.m.) administered S-XX was
studied in accordance with OECD Test Guidance 425 in rats, and
mice. Repeat dose toxicity of S-XX administered i.m. was studied
in accordance with OECD Test Guidance 407 in rats.

S-XX exhibited low acute toxicity when administered i.m. to
rats and mice. LD50 of S-XX (i.m.) for rats and mice was found to be
greater than 500 mg/kg of body weight. No substantial interspecies
variability of S-XX acute toxicity was observed. Daily i.m. admin-
istration of S-XX to rats at dose equivalent 1/20 LD50 during 10
consecutive days did not cause any adverse effect.

https://doi.org/10.1016/j.toxlet.2018.06.1055
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packaging and technical features prior the
adoption of the Tobacco Products Directive
(TPD) in multiple European countries
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Aim: This study aimed to identify, record and evaluate the compli-
ance of e-cigarette liquids to regulations on labelling, packaging and
technical design features of e-cigarettes before the implementation
of Article 20 of the Tobacco Products Directive (TPD).

Methods: Within context of the Horizon2020 (EUREST-PLUS
project), 122 of the most commonly sold e-liquids in 9 European
Countries (France, Poland, Germany, the Netherlands, United King-
dom, Spain, Romania, Hungary and Greece) were randomly selected
and purchased. Once all products were obtained and in order
to minimize human error, 2 researchers independently evaluated
them as for their compliance to technical features noted under the
TPD on the vial, external packaging and leaflet.

Results: In general, the products evaluation showed good com-
pliance with the most of the parameters. A low compliance of the
products was recorded regarding the tamper proof seal in total
(59.0%). The products with the lowest compliance scores were
Romania (20.0%) and Spain (38.9%) while the remaining countries
ranged from 50.0% (Poland) to 83.3% (United Kingdom). The 85.3%
of the products evaluated were within the limit of ≤10 ml refill vol-
ume cut off while the countries with the lowest compliance were
Romania (20.0%) and Spain (66.7%). While assessing for nicotine
content ≤20 mg/ml, 95.9% of the products were in compliance with
TPD. The majority of the products (93.4%) were also in good com-
pliance regarding the child proof seal except for Germany (66.7%)
and Romania (80.0%). The presence of 5 basic components or a list
of ingredients was also evaluated. In 94.3% of the products, a list
of ingredients was identified. Good compliance was also noted in
most of the 5 parameters evaluated (nicotine content, 97.5%; batch
number, 89.3%; recommendation for child safety, 97.5%) except
for descending order of the weight and nicotine delivery per dose
which was not noted in any of the products purchased.

Conclusions: To our knowledge, the present study is poten-
tially the first comprehensive evaluation of e-cigarette refill liquids
across multiple EU MS, which will serve as a pre-TPD reference
assessment.

Funding: This work was supported by a grant from the European
Commission (Horizon2020 HCO-6-2015; EUREST-PLUS: 681109).
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Silver nanoparticles (AgNPs) have a wide spectrum of applica-
tions that reach far beyond therapeutics, being easily found in the
everyday human life. Due to their tendency to aggregate, AgNPs
are typically synthesized with surface coatings for stabilization.
Branched polyethylenimine (PEI) is a multifunctional polymer that
has been recently used in functionalized AgNPs with promising
results. Neutrophils are the most abundant leukocytes in the blood
and the first line of defense against xenobiotics, as nanoparti-
cles. During phagocytosis, neutrophils increase their consumption
of molecular oxygen, with the consequent production of reactive
species (RS), a process name oxidative burst. The sustained over-
production of RS is associated with several health disorders.

Therefore, it was our aim to evaluate the activating effect of
two different sizes of PEI-AgNPs (4 and 19 nm) on human neu-
trophilsóxidative burst.

Our results indicate that PEI-AgNPs-induced the production of
RS by human neutrophils. The use of diphenyleneiodonium (DPI),
a NADPH oxidase inhibitor and Go6983, a protein kinase (PKC)
inhibitor, prevented the production of RS. Interestingly, the effect
was not size-dependent, since the two tested sizes have similar
effects.

These results suggest that PEI-functionalized AgNPs-induce
human neutrophils’ oxidative burst via NADPH oxidase, in a con-
centration, but not size–dependent manner, through the activation
of PKC, which contributes to better understand the human immune
response against these nanoparticles type.
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Aim: The global contamination from the released amounts of POPs
into the environment has raised great concern by the adverse
impacts in humans and several species of marine and terrestrial
ecosystems. The objective of the current study was to assess the
burden of POPs in wild terrestrial mammals.

Materials and Methods: A total of 16 hair samples were col-
lected from wild animals (leopard cats, musk deers, wolf, amur
hedgehog and raccoon dogs) that found dead due to traffic accident
or by hunting of Primorsky Krai, Russia. The analysis of hair samples
was focus on the determination of HCB (hexachlorobenzene), DDTs
(opDDE, ppDDE and opDDD), PCB congeners (28, 52, 101, 118, 138,
153 and 180) and PAHs (acenaphylene, fluorene, anthracene, phen-
athrene and pyrene). The detection of pollutant was conducted by a
one-step hair extraction method, using headspace SPME technique
and analyzed by a simple GC-MS.

Results: The use of HSSPME in the current study provides low
detection limits for most of the POPs. The majority of wild animal
hair samples were found positive. More specific, the percentages
of positive hair samples for HCB, opDDE and ppDDE were 93.8%,
100.0%, 93.8%, respectively. In contrast, opDDD was detected only
in the 18.8% of the samples. DDTs’ detection levels ranged from
1.26 to 52.06 pg/mg. The most frequently detected PCB congeners
were PCB28, PCB52, PCB101 and PCB138 (from 93.8 to 100.0%) in
a concentration range from 0.73 to 31.34 pg/mg. PCB118, PCB153
and PCB180 was detected in the 18.8, 68.8 and 6.3% of the samples,
respectively. Fluorene and anthracene/phenathrene were detected
in the 100% of the samples in a range from 6.53 to 23.56 pg/mg,
while the acenaphylene and pyrene in the 87.5% and 75.0% of the
samples providing levels below the LOQ values.

Conclusion: The highest mean concentrations levels of all tested
pollutants were found for musk deer compared to the other species.
For HCB, DDTs and PCBs the order of higher to lower mean detected
concentrations was: musk deer> leopard cat> wolf> raccoon dog>
amur hedgehog. To the best of our knowledge, the present study
is the first that provide results for the contamination levels in hair
samples by persistent organic pollutants in five different terrestrial
mammals.

This work was supported by the Russian Science Foundation
(project No. 18-14-00120).
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Purpose: Cigarette smoking is considered a chronic medical disor-
der, as nicotine has a highly addictive potential. In the last decades,
studies were focused on the pharmacological effects of nicotine
and its main metabolite cotinine. Nicotine and cotinine have been
suggested to be psychoactive in humans and animals, facilitating
memory, cognition, and executive function.

Epidemiological studies indicate that the incidence of cigarette
smoking is very high among depressed individuals. Experimen-
tal animal studies revealed the antidepressant effects of acute or
chronic nicotine treatments. In addition, nicotine and other nico-
tinic agonists have been demonstrated to improve performance
on attention and memory tasks. In animal models, cotinine was
demonstrated to have antipsychotic, anxiolytic, and antidepressant
properties. Both nicotine and cotinine are very similar structurally,
but despite this structural similarity, cotinine shows distinctive
effects from nicotine.

The objective of this study was to investigate comparatively the
antidepressant and anxiolytic effects of cotinine and nicotine in
mice.

Method: Nicotine 0.5 mg/kg and cotinine 5 mg/kg were admin-
istered orally to NMRI mice for 14 days. Pharmacological tests were
performed after 1, 7 and 14 days. Antidepressant effect was eval-
uated using forced swimming test (FST) after acute administration
and tail suspension test (TST) after 7 and 14 days. Plus suspended
maze test was used for anxiolytic effect evaluation in the final day
of the experiment. In order to eliminate false positive results, we
also determined the mice motor activity at each test moment with
the Ugo Basile activity cage.

Results: Immobilisation time in TST was shorter in cotinine
group than the control after 7 days (24.7%; p < 0.05), close to
imipramine reference group (31.85%; p < 0.05). After 14 days, this
effect no longer occurs, probably due to a significant reduction in
motor activity for cotinine group which could influence the immo-
bility time values in TST. Time spent in open arms of the labyrinth
was longer for nicotine group than the control (129.61%; p < 0.05),
which supports a consistent anxiolytic effect.

Conclusion: Both nicotine and cotinine are psychoactive in
mice. Further studies are needed to understand the mechanisms
for these effects.

https://doi.org/10.1016/j.toxlet.2018.06.1058
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potent inducers of human neutrophils’
oxidative burst
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Silver NPs (AgNPs) have emerged as an important class of nano-
materials, due to their unique optical, antimicrobial, electrical and
physical properties, which enabled the use of these nanoparticles in
various fields, including medical, food, health care, consumer, and
industrial purposes. However, the widespread use of AgNPs raises
unmet safety concerns, which may be related to their size and the
coating agents used for its stabilization.

Neutrophils, as host defense cells, play a key role in recogniz-
ing, ingesting, digesting, and eliminating foreign agents, including
nanoparticles. Despite the central role of neutrophils as key play-
ers in immune system, little is known about their interaction with
AgNPs, with different coatings and sizes. In that sense, it was
our aim to study the effect of three different sizes of citrate and
polyvinylpyrrolidone (PVP) -AgNPs (5, 10 and 50 nm) in human
neutrophils cell death and oxidative burst.

It was possible to conclude that the effect of AgNPs was size
and coating-dependent. The citrate and 5 nm AgNPs were the most
cytotoxic and potent inducers of oxidative burst, through the acti-
vation of NADPH oxidase, via the action of PKC.

This work brings new insights about the interaction of AgNPs
and human neutrophils which is essential for the safer use of these
nanoparticles.
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Isoparaffins are branched aliphatic hydrocarbons with a carbon
skeleton length ranging from approximately C7 to C20. They are
mainly used as solvents in textile cleaning products (dry-clean
cloth) due to their low odor, low surface tension and excellent
cleaning efficiency. Many of the isoparaffins are multi-constituent
mixtures with variable and often unknown composition and have
been defined as substances with unknown or variable composition
(UVCB). Because of the compositional complexity, the assessments

of their toxicity and environmental fate is complicated. Grouping
these chemicals according to their carbon chain length and the aro-
matic content is suggested by recognized scientific and advisory
bodies to be an ideal way to assess their toxicity. To this end and
as part of ToxServices’ Full Materials Disclosure (ToxFMD

®
) pro-

gram, we used the GreenScreen
®

hazard assessment tool to assess
and compare the hazard properties of four isoparrafins solvents
with low aromatic content (<2%) that are used as solvents for com-
mercial textile cleaning. The substances belong to three different
categories (short carbon chain (C7–9), medium chain (C9–14) and
long-chain (C14–C20)). Our results show that all four investigated
isoparrafins, regardless of the carbon length chain, are associated
with a high hazard for aspiration toxicity, a common concern for
such type of solvents, as their measured kinematic viscosity param-
eters are below the GHS Guidance value for Category 1. Aspiration
hazard was recently incorporated in the GreenScreen

®
method-

ology under systemic toxicity single exposure endpoint. In terms
of environmental fate (persistence) and toxicity, the properties
vary with the carbon chain length; substances with short chain
(C7–C11) have low potential to persist, but are toxic to aquatic
organisms. In contrast, substances with a carbon length greater
than 11 are not readily biodegradable but are not expected to be
toxic to aquatic organisms. All compounds have high potential for
bioaccumulation. These results can be utilized to characterize haz-
ards for other isoparaffin solvents with similar properties (carbon
length/aromatic content) and provide informed choices for select-
ing less hazardous isoparaffin solvent alternatives.

https://doi.org/10.1016/j.toxlet.2018.06.1060
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The aim of the research was to choose non-toxic fragrance oils for
use in an aroma-dispenser innovative device applied in a vehicle
ventilation system. The levels of proinflammatory cytokines IL-
6 and TNF-� and NF-�B activation level were determined in the
human lung cells line A549 stimulated with selected essential oils.

Twenty commercial fragrance oils was used for the experiment
in two concentrations: 25% and 12.5%. The A549 cell culture was
stimulated with the studied fragrance oils according to the pro-
cedure. The A549 cell culture (ATCC CCL 185) was performed in
Dulbecco’s culture fluid (DMEM) supplemented with 10% inacti-
vated calf serum, 100 �/ml penicillin, 100 �g/ml streptomycin, and
L-glutamine. The cell culture was adjusted to a density of 2 × 106

cells per ml and then incubated in 37 ◦C until a single-layer culture
was obtained.

The level of TNF-� and IL-6 cytokines was determined by immu-
noenzymatic ELISA using the R&D system kit and results were given
in pg/ml. 96-well microplates were coated with anti-TNF or anti-IL-
6 monoclonal antibodies, rinsed with buffer (0.05% Tween80 in PBS)
and then blocked with PBS with 10% fetal bovine serum. Samples of
100 �l (supernatant of the cell culture) were applied to microplates.
The reaction were stopped and the absorbance was measured at
wavelength � = 470 nm with a correction to � = 570 nm using the
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BioTek reader. The obtained results were referenced to the standard
curve.

The diluted anti-NF�B p-65 primary antibody (Chemicon
Internationatl Inc., USA), the biotinylated antibody (Novocastra
Laboratories Ltd.) and the Novostain Super ABC Reagent solution
(Novocastra Laboratories Ltd.) were applied to microscopic slides
according to the procedure (using the cell culture). The DAB solu-
tion (0.1% DAB solution in 0.1 M Tris buffer containing 0.02% H2O2)
(Novocastra Laboratories Ltd.) was used to stain microscopic slides,
which allowed to determine the percentage of cells with positively
stained nucleus and determine the level of NF-�B activity.

Studies have shown that only a few tested fragrance oils do
not stimulate A549 cells for the production of proinflammatory
cytokines such as TNF-� and IL-6 and do not affect NF-�B activation
in the human lung cells line, so they are recommended for use in
the innovative fragrance dispenser for vehicle interior refreshing.
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P25-36
The effect of thiamine on oxidative stress and
apoptosis in the liver of Japanese quails treated
with chlorpyrifos
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The aim of this study was to investigate the influence of vita-
min B1 (thiamine) on biochemical changes in the liver of Japanese
quail (Coturnix japonica) treated with chlorpyrifos. The following
parameters of oxidative stress were examined: concentration of
malondialdehyde – MDA, activity of catalase – CAT, glutathione S-
transferase – GST, myeloperoxidase – MPO, but also and activity
of butyrylcholinesterase – BChE, and cyclooxygenase – COX and
extracellular signal–regulated kinase –ERK (apoptotic regulators).

The study was conducted on eighty male Japanese quails (2 con-
trol groups and 6 experimental groups, n = 10), 3–4 weeks old. One
control group was treated only with vitamin B1, while the second
one received pure corn oil. CPF dissolved in corn oil was admin-
istered to three groups of quails by gavage for 7 consecutive days
at doses of 1.5 mg/kg BW, 3 mg/kg BW and 6 mg/kg BW. Another
three groups were treated with 10 mg/kg BW of vitamin B1 i.m.
30 min after CPF administration (in above mentioned doses) for 7
consecutive days.

Activity of BChE, CAT GST and MPO, and concentration of
MDA were measured spectrophotometrically using a Cecil CE 2021
UV/VIS spectrophotometer. For detection of COX and ERK, we used
Western blot analysis.

Our studie have shown that CPF significantly inhibited butyryl-
cholinesterase in the liver, while vitamin B1 increased activity of
this enzyme in a dose dependent way. Also CPF has led to increase
in the concentration of MDA, activity of CAT, GST and MPO, but after
thiamine treatment there has been a decrease of these parameters.
Increase of COX and ERK expression after CPF treatment demon-
strates an increase of apoptotic vulnerability of cells exposed to
CPF, while vitamin B1 caused a decrease in their expression.

Overall these results confirm that CPF causes oxidative stress
and apoptosis, and also are giving new insights into thiamine
research as an “antistress vitamin”.

https://doi.org/10.1016/j.toxlet.2018.06.1062
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Introduction: The interest of plant extracts as phytopharmaceu-
ticals has recently increased, due to their natural bioactivity, as
antimicrobial and antioxidant effects. Consequently, the toxicity
assessment of plant extracts is relevant to evaluate its potential use
as ingredients for pharmaceutical products. Cistus ladanifer medic-
inal plant has been shown to be of interest in this field, due to the
presence of phenolic compounds and compounds belonging to the
terpene family in its composition. This species is traditionally used
for dermal application due to putative cicatrization effect.

This study intends to assess the toxicity profile of Cistus ladanifer
different extracts and their antioxidant bioactivity.

Methods: The antioxidant potential of 2 different aqueous
extracts (hydrolates) from Cistus ladanifer (A and B), as well as
an essential oil, were enrolled. The antioxidant effect was tested
by measuring the extracts capacity to reduce the compound 2,2-
diphenyl-1-picryl hydrazyl (DPPH). EC50 was calculated as the
amount of sample able to reduce half of DPPH initial concentra-
tion, by comparison with a DPPH concentration calibration curve.
The cytotoxicity was tested, cells of Skin fibroblasts (3T3) were
treated with the hydrolates of Cistus ladanifer and the MTT assay
was performed.

Results: The hydrolates did not show relevant antioxidant activ-
ity, since a reduction of at least 50% of DPPH initial solution was not
observed. On the other hand, the essential oil presented a EC50 of
12.73 ul/ml. The fibroblasts presented cell viability above 50% after
treatment with up to 10% of hydrolate A and 35% of hydrolate B.

Discussion/Conclusion: Cistus ladanifer essential oil showed to
be antioxidant in contrast to both hydrolates tested that were found
to have poor antioxidant activity. The results regarding the cyto-
toxic activity reveal that extracts of this plant are bioactive. Our
results show that both the essential oil and hydrolate extracts from
Cistus ladanifer may be interesting ingredients for pharmaceutical
products considering the traditional use of this plant. The essential
oil may be a good candidate as preservative and hydrolates may be a
better choice for less reactive products development. More studies
are needed to explore this approach and their use as pharmaceutical
ingredients.

https://doi.org/10.1016/j.toxlet.2018.06.1063
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P25-38
Microorganisms reduce indoor air pollution

J. Verdonck ∗ , J.A.J. Vanoirbeeck, K. Poels, P.H.M. Hoet,
L. Godderis

KU Leuven, Department of Public Health and Primary Care, Leuven,
Belgium

Indoor air pollution plays a major role with regard to public health.
There are three established strategies to reduce indoor air pollution,
namely source control, ventilation and mechanical air cleaners.
Despite the existence of these established strategies, indoor air pol-
lution is still one of the world’s largest environmental problems
according to World Health Organization. Consequently, new meth-
ods or strategies to reduce indoor air pollution are continuously
being sought. The purpose of this study was to investigate a novel
technology that aims to construct an indoor self-cleaning ecosys-
tem by using microorganisms, namely Bacillus species. Instead of
applying conventional cleaning products in indoor spaces, microor-
ganisms are nebulized on surfaces, objects and in the indoor air.
The key element of the self-cleaning ecosystem is bioremediation,
which is the use of living (micro)organisms for the cleaning up of
contaminated soil, water, sediment or air. The pollutants might be
metabolized to less hazardous metabolites. Scientific evidence con-
cerning the effectiveness of this novel technology to reduce indoor
air pollution is still lacking. Therefore, a crossover pilot study was
carried out in an urban region in Flanders and lasted 3 weeks.
The microorganisms were nebulized in one office building. Of this
building, two offices were included in this study. One office of a
well-matched neighbouring office building was included as con-
trol. The indoor air quality was assessed by tracking particulate
matter, carbon dioxide, aldehydes, polycyclic aromatic hydrocar-
bons, volatile organic compounds, temperature, relative humidity
and ventilation rate. Despite the complexity of the real-life study
concerning the large amount of variables, the data obtained in
this real-life pilot study indicates that constructing a self-cleaning
ecosystem might help in reducing the indoor levels of acetalde-
hyde, particulate matter and total amount of hydrocarbons. The
percentage decreases of acetaldehyde and particulate matter con-
centrations were respectively up to 1.5 and 4 times larger in the
offices equipped with a self-cleaning ecosystem than in the control
office (P < 0.05).

https://doi.org/10.1016/j.toxlet.2018.06.1064
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The accelerated removal of kidney stones by
concomitant use of camel thorn distillate and
Rowatinex drug: A case report

G. Arabrahmatipour 1,∗ , A. Ebadollahinatanzi 2

1 Medical Sciences of Tehran University, Department of Biochemistry,
Farabi Hospital Laboratory, Tehran, Iran
2 Agricultural Research, Education and Extension Organization
(AREEO), Institute of Technical and Vocational Higher Education,
Agriculture Jihad, AREEO, Department of Medicinal Plants, Imam
Khomeini Higher Education Center, Karaj, Iran

Purpose: Kidney stone is one of the most prevalent diseases in
globe. It can result in obstructing urinary tract which followed by
renal colic and severe pain. The treatment considered for renal colic
pain relief is to use nonsteroidal anti-inflammatory drugs or opioid
analgesics and/or drug combinations which cause side effects and
toxicity. In traditional medicine, camel thorn distillate (Alhagi per-
sarum) is widely used to treat urinary stones. This study was carried

out to speed up the kidney stones removal through concomitant use
of camel thorn distillate and Rowatinex drug.

Case: The case was a 45-year-old woman with symptoms of
flanks pain and kidney stone diagnosis. The sonograms of the
patient showed that, there were two stones with 3.5 mm and 3 mm
diameters in the left and right kidney calyx, respectively. There
was also seen another stone with diameter of 3.5 mm on the front
right distal urethral and ureterovesical junction. In the right kidney;
there were hydro-urethra and nephritic grade I which was evident
based on two diagnostic imagines.

The treatment protocol on this patient was started with
Rowatinex capsule (two times daily) and 150 ml of camel thorn
distillate which followed by a thirty-minute walk. This treatment
was continued for 20 days.

Results: The sonograms taken one month after treatment
showed; there was no trace of kidney stones. The concomitant use
of camel thorn and Rowatinex can efficaciously help kidney stones
in small sizes to be removed more appropriately and drug toxicity
will be lowered.

https://doi.org/10.1016/j.toxlet.2018.06.1072

P25-40
Alginate microencapsulated capsaicin
suppresses ROS production and sustains human
dermal fibroblasts cells viability

S. Dragomir 1,∗ , A. Hudita 2, B. Galateanu 2, M. Costache 2,
R.M. Ion 3, O. Ginghina 4,5, M. Stan 1, D.L. Baconi 1, C. Negrei 1

1 “Carol Davila” University of Medicine and Pharmacy, Toxicology,
Bucharest, Romania
2 University of Bucharest, Biochemistry and Molecular Biology,
Bucharest, Romania
3 National Institute of Research and Development for Chemistry and
Petrochemistry, Bucharest, Romania
4 “Carol Davila” University of Medicine and Pharmacy, Faculty of
Dental Medicine, Bucharest, Romania
5 “Sf. Ioan” Emergency Clinical Hospital, Surgery, Bucharest, Romania

Introduction: Capsaicin, the principal pungent ingredient of hot
chili is wide used in various topic formulations to relieve diabetic
neuropathic pain. However, this natural ingredient exhibits a very
high cytotoxicity and finally induces apoptosis by ROS (Reactive
Oxygen Species) production. The use of a drug delivery system for
capsaicin could alleviate the toxicity of free capsaicin extracts and
decrease the numeral side effects that free capsaicin administra-
tion triggers. In this context, the aim of our study was to investigate
in vitro the potential of novel synthetized capsaicin alginate micro-
capsules to generate ROS and induce apoptosis of human dermal
fibroblasts.

Experimental procedures: In this view, the bare alginate micro-
capsules and capsaicin loaded alginate microcapsules were washed
with PBS supplemented with 5% antibiotic – antimicotic and then
immersed in complete culture medium. During 24 h, 4 extracts
were collected at predefined time points and subsequently frozen
until analysis. The potential of the novel alginate microencapsu-
lation of capsaicin to induce ROS production was investigated by
measuring the level of hydrogen peroxide in CCD – 1070Sk human
dermal fibroblasts cell culture after treatment with the defrosted
extracts. Moreover, the apoptotic status of the cells exposed to
defrosted extracts was also investigated by flow cytometry.

Results: Our results show that the capsaicin free alginate
microcapsules doesn’t induce ROS production or apoptosis. Fur-
thermore, the capsaicin loaded alginate microcapsules treatment
doesn’t determine an increase of the hydrogen peroxide levels, but
caused the appearance of a very small population of apoptotic cells.

https://doi.org/10.1016/j.toxlet.2018.06.1064
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However, the un-encapsulated capsaicin displayed a statistically
significant increase of ROS production, correlated with a dramati-
cally considerable increase of the apoptotic cells.

Conclusions: In conclusion, the novel synthetized capsaicin
alginate microcapsules represent a much safer approach for cap-
saicin therapeutic use and might be further included in different
pharmacological formulations for topic administration in diabetic
neuropathy.

https://doi.org/10.1016/j.toxlet.2018.06.1073
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Effects of zinc chloride on Zebrafish
locomotion, circadian rhythm, social behavior
and memory: Correlation between toxicity and
neurobehavior changes

S. Sarasamma

Chung Yuan Christian University, Biotechnology, Taoyuan, Taiwan

Zinc is a micronutrient at low level but at high concentrations
leads to environmental contamination and causes health prob-
lems. The aim of this study was to evaluate the effects of Zinc

Chloride (ZnCl2) exposure on cognition and locomotion behavior
in adult zebrafish (Danio rerio) and correlate these findings with
different tissue accumulation of Zn, overall brain AChE and ROS
level, Cortisol and Metallothionine levels in the nervous system.
Although low level heavy metal exposure poses a potential risk
to the zebrafish larvae, little or no data about the effects of ZnCl2
exposure on zebrafish adult fishes. We therefore, exposed adult
zebrafishes for 4 days (0.5, 1 and 1.5 mg/L) displayed decreases
locomotor behavior, such as average speed and time in upper zone
and an increase speed of meandering. Interestingly, adult fishes
exposed to ZnCl2 for 4 days showed impaired frigid long-term
memory in the passive avoidance test. Furthermore, zinc chlo-
ride treated fish showed memory deficit, increased ROS and AChE
levels and decreased locomotor and swimming activities com-
pared to control. A significantly positive correlation was observed
between memory and AChE activity, as well as between locomotion
and ROS production. These results indicate that acute exposure to
ZnCl2 in adults leads to anxiogenic effects, impaired memory and
decrease aggressive behavior that might be associated with dam-
age caused by this metal in the CNS, particularly in the cholinergic
system.

https://doi.org/10.1016/j.toxlet.2018.06.1074
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Synthetic cannabinoids enhance neuronal
differentiation in neuroblastoma cells at in vivo
relevant concentrations

J. Alexandre , H. Carmo, F. Carvalho, J.P. Silva ∗

University of Porto, UCIBIO, REQUIMTE, Laboratory of Toxicology,
Department of Biological Sciences, Faculty of Pharmacy, Porto,
Portugal

Synthetic cannabinoids (SCs) comprise a group of new psychoactive
substances that bind and activate at least one cannabinoid receptor,
with stronger potency than tetrahydrocannabinol (THC), the main
psychoactive substance of Cannabis sativa L. SC consumption by
pregnant women or women in reproductive age is of major concern
due to the potential onset of neurodevelopment disorders in the
offspring. This work aimed at investigating how SCs affect neuronal
differentiation in vitro.

Briefly, neuroblastoma (NG108-15) cells were exposed to com-
monly reported SCs, including THJ-2201, JWH-122, 5F-PB-22,
MDMB-CHIMCA and ADB-FUBINACA (the latter two kindly pro-
vided by TicTac Communications Ltd, UK) at a concentration range
of 1pM – 100�M. Differentiation ratios were calculated as the
number of newly formed neurites per total cell number, follow-
ing differentiation with forskolin and retinoic acid, with or without
SC. These were either added once (at day 0) or every 24h for 3
days (3 additions), at in vivo relevant concentrations (< 1�M). In
part of the experiments, 500 nM SR141718, a specific CB1 receptor
(CB1R) antagonist, was added 20 min prior to SC exposure. Differ-
ent toxicological parameters, including cell viability, mitochondrial
membrane potential and cellular energy levels, were also analyzed.

Increased differentiation of NG108-15 cells was observed fol-
lowing a single addition of 1pM THJ-2201 (2-fold increase), as well
as 3 additions of 1pM and 1nM of 5F-PB-22. Preliminary assays in
the presence of SR141716 suggest these effects may be modulated
by CB1R. None of the other tested SCs altered neurodifferentia-
tion. None of the SCs reduced cell viability up to a concentration of
10 �M, as indicated by MTT reduction, Neutral Red inclusion and
LDH release assays. On the other hand, a statistically significant
increase in mitochondrial membrane potential (TMRE staining)
was observed following 24h incubation with all the SCs, except
ADB-FUBINACA, particularly at lower concentrations (<1nM). Inter-
estingly, no alterations were detected on intracellular ATP levels.

Overall, these results indicate the enhancement of neu-
ronal cells’ differentiation by SCs, involving the regulation

of mitochondrial function and possibly CB1R-mediated.
However, clarification of the pathways involved demands further
investigation.

https://doi.org/10.1016/j.toxlet.2018.07.025

P-Late-02
Metabolomic analysis of the toxicity pathways
elicited by subtoxic concentrations of
methylone in primary mouse hepatocytes
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1 UCIBIO-REQUIMTE, Laboratory of Toxicology, Faculty of Pharmacy,
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2 UFP Energy, Environment and Health Research Unit (FP-ENAS),
University Fernando Pessoa, Porto, Portugal

Metabolomics is the comprehensive study of the metabolome,
which encompasses the repertoire of low-molecular weight
molecules required for the maintenance, growth and normal cellu-
lar function. One of the major goals of metabolomics is the discovery
of specific metabolic alterations associated with a disease or other
external stimuli. The aim of the present study was to identify
metabolic changes caused by subtoxic concentrations of methylone
(the ß-keto analogue of 3,4-methylenedioxymethamphetamine
(MDMA)) in primary mouse hepatocytes (PMH), in order to
investigate the base of its hepatotoxic mechanisms, since its
use has been associated with several cases of toxicity (includ-
ing hepatotoxicity) and deaths. For this purpose, a non-targeted
metabolomic approach, based on gas chromatography/mass spec-
trometry (GC-MS), was performed after exposing PMH to two
subtoxic concentrations (corresponding to LC01 and LC10 lev-
els assessed by the MTT assay) of methylone for 24 h. Both
the intracellular (metabolites within the cell) and extracellular
(metabolites excreted into or consumed from the surrounding
extracellular medium) metabolome were analyzed in order to
obtain a more complete mechanistic view. Obtained results showed
that metabolic patterns of methylone exposed cells are separated
from control in a concentration-dependent manner. Most of the dis-
criminant metabolites belong to the class of amino acids, fatty acids,
organic acids (intracellular metabolome), alkanes, alcohols, alde-
hydes and ketones (extracellular metabolome) that are involved in
energy and antioxidant metabolism.

https://doi.org/10.1016/j.toxlet.2018.07.026
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The effects of 1-(propan-2-ylamino)-4-propoxy-
9H-thioxanthen-9-one (TX5) on P-glycoprotein
activity and expression in the rat instestinal
mucosa: An ex vivo and in vivo approach

C.R. Pereira 1,∗ , C.I. Ghanem 2, R. Silva 1, M.D. Araújo 3,
S.G. Monteiro 4, A.G. Casanova 5, S. Chhann 6, E. Sousa 6,
M.D.L. Bastos 1, F. Remião 1

1 University of Porto, UCIBIO/REQUIMTE, Biological Sciences
Department, Laboratory of Toxicology, Faculty of Pharmacy, Porto,
Portugal
2 University of Buenos Aires, Institute of Pharmacological Research,
Faculty of Pharmacy and Biochemistry, Buenos Aires, Argentina
3 University of Porto, Imuno-Physiology and Pharmacology
Department, Abel Salazar Institute of Biomedical Sciences, Porto,
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Biomedical Sciences, Porto, Portugal
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6 University of Porto, CIIMAR, Laboratory of Organic and
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P-glycoprotein (P-gp) is an ATP-binding cassette (ABC) car-
rier and promotes the efflux of xenobiotics, protecting cells
against their effects [1]. P-gp activity can be modulated in order
to increase/decrease drugs intracellular accumulation. Previous
in vitro studies showed that 1-(propan-2-ylamino)-4-propoxy-
9H-tioxanthen-9-one (TX5) significantly increases both P-gp
expression and activity in Caco-2 cells, preventing paraquat-
mediated cytotoxicity [2].

The purpose of this study was to investigate the effects of TX5
on P-gp activity and expression in the rat intestine, using ex vivo
and in vivo approaches.

Male Wistar rats (12–16 week-old) were used. TX5 (10 mg/kg)
was orally given and its effect on intestinal P-gp expression eval-
uated 24h after, by western blot. TX5 effect on P-gp activity
was evaluated, ex vivo, either 24h after TX5 administration (10
mg/kg) or after an acute contact with TX5 (20 uM), using everted
intestinal sacs (distal portion) and rhodamine 123 (RHO123) as
a P-gp substrate. The sacs were placed in a buffer-containing
chamber (pH 7,4, continuously aerated, at 37 ◦C), in the pres-
ence/absence of 100 uM verapamil (P-gp inhibitor). The sacs were
filled with buffer containing 300 uM RHO123 and its serosal to
mucosal transport was evaluated in buffer samples. To assess P-gp
activity in vivo, intestinal absorption of digoxin (P-gp substrate)
was evaluated in the presence/absence of TX5. Drugs (digoxin
0.025 mg/kg or digoxin + TX5 20 uM) were given intraduode-
nally and the portal content of digoxin was quantified in plasma
samples.

No differences on P-gp expression levels and activity were found
between control and TX5 groups, 24h after administration. On the
contrary, the amount of RHO123 (pmol/mg of tissue) was signif-
icantly different from minute 30 on, between control and TX5
groups, when P-gp activity was evaluated, ex vivo, after a short
contact with TX5, effect significantly reduced by verapamil. The ex
vivo results again confirmed TX5 as a P-gp activator at intestinal
barrier. In opposition, in vivo, no differences were found in digoxin
plasma concentrations in TX5-treated rats.

This work received financial supportfrom the European Union
(FEDER funds) through the Program PT2020 (project NORTE-01-
0145-FEDER-000024).
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Prostate cancer (PCa) is the second leading cause of cancer-related
death in men in most western countries. Currently, serum prostate
specific antigen (PSA) is the most used biomarker for PCa diagnosis
in clinical practice. However, this biomarker has limited sensi-
tivity and specificity and does not differentiate aggressive from
indolent PCa. These important drawbacks are the cause of over-
diagnosis and overtreatment, emphasizing the need for new PCa
biomarkers.

The aim of this study was to prove the concept that
metabolic alterations were able to discriminate several PCa cell
lines (22RV1; PC3; DU145; LNCaP) from normal prostate cell
line (PNT2). For that, we applied a GC-MS based approach,
combined with multivariate statistical analysis, to evaluate alter-
ations in the volatilome at pH 7 and pH 2. Considering both
approaches, we revealed a panel of volatile metabolites that dis-
criminated cancerous from benign prostate cells. Furthermore,
our results also unveiled that the volatile profile of PCa cell
lines was able to differentiate PCa cells with different aggressive-
ness and hormonal dependence. The most altered VOCs (volatile
organic compounds) included ketones, aldehydes and organic
acids. Among these, we highlight pentadecane-2-one (pH7) and
decanoic acid (pH2), which were significantly increased in all PCa
cells compared to benign cells; cyclohexanone, 4-methylheptan-
2-one, 2-methylpentane-1,3-diol, 4-methylbenzaldehyde, 1-(3,5-
dimethylfuran-2-yl)ethanone, methyl benzoate and nonanoic acid
(pH2), were significantly decreased in all PCa cells. VOCs extraction
pH influenced the detected volatilome, however, the discriminative
capability of both approaches were similar. Overall, our results sug-
gested that VOCs monitoring has the potential to be used in clinic
as a PCa screening methodology after translation of these results to
a biological matrix, like urine.

Acknowledgements: A.R.L. and A.M.A thank Fundação
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SFRH/BD/123012/2016 and SFRH/BD/107708/2015.
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Cardiotoxicity of FAC (5-Fluorouracil +
Adriamycin + Cyclophosphamide) Metabolotes
in H9c2 Cardiac Differentiated Cells
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1 UCIBIO, REQUIMTE, Laboratory of Toxicology, Porto, Portugal
2 Laboratory of Organic and Pharmaceutical Chemistry, Department
of Chemistry, Faculty of Pharmacy, University of Porto, Porto, Portugal
3 CIIMAR – Interdisciplinary Centre of Marine and Environmental
Research., Porto, Portugal

In clinical practice, the combination of 5-fluorouracil (5-
FU) + adriamycin (doxorubicin, DOX) + cyclophosphamide (CYA) is
used in the therapy of breast cancer (known as FAC regimen). In
spite of the known cardiotoxicity of FAC regimen, the role of their
metabolites was never assessed, regarding FAC-induced cardiotox-
icity [1]. To evaluate this hypothesis, differentiated H9c2 cells were
exposed for 48 h to the main metabolites of DOX [doxorubicinol,
DOXOL (0.2 and 1 �M)], 5-FU, [fluoro-beta-alanine, FBAL (50 and
100 �M)], CYA, [acrolein, ACRO (1 and 10 �M)], as well as to their
combination (0.2 �M DOXOL+ 50�M FBAL+ 1�M ACRO or 1�M
DOXOL+ 100 �M FBAL+ 10 �M ACRO). The parent drugs were also
tested in the same experimental conditions (1 �M DOX, 50�M 5-
FU, and 50 �M CYA). Cytotoxicity was evaluated by phase contrast
microscopy, Hoescht staining, JC-1 staining, and two cytotoxic-
ity assays [reduction of 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) and neutral red uptake]. Herein, DOXOL
was shown to be the most toxic metabolite tested. When in
combination, neither FBAL nor ACRO increase DOXOL-induced
cytotoxicity. However, DOX alone (1�M) was more cytotoxic than
all the parent drugs and metabolites tested, indicating that in this
model and paradigm of exposure, the metabolites are not major
contributors to FAC-induced cardiotoxicity.

ARM and VMC acknowledge Fundação da Ciência e Tec-
nologia (FCT) for their grants (SFRH/BD/129359/2017 and
SFRH/BPD/110001/2015, respectively). This work was supported
by FEDER funds through the Operational Programme for Com-
petitiveness Factors–COMPETE and by national funds by the
FCT within the project “PTDC/DTP-FTO/1489/2014–POCI-01-0145-
FEDER-016537”.

Reference

Reis-Mendes, A.F., et al., 2015. Curr Drug Metab 17, 75–90.

https://doi.org/10.1016/j.toxlet.2018.07.029

P-Late-06
Enantioresolution of pentedrone and
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The consumption of synthetic cathinones, as pentedrone and
methylone, has increased exponentially as drug of abuse. Being

chiral molecules, each enantiomer may have different binding to
proteins, or other chiral biomolecules, leading to many kinetic
or dynamic variations. Beside a recent study described by our
group [1], there is a lack of scientific information about the
enantioselectivity of these substances at toxicity level. Therefore,
the aim of this study was to develop a resolution method to
obtain pure enantiomers of pentedrone and methylone, and to
evaluate their biological/toxicological enantioselectivity. For this
purpose, an optimized liquid chromatography (LC) chiral method
using the semi-preparative Chiralpak AS-H® column, under normal
phase elution conditions, was carried out to isolate the enan-
tiomers of both cathinones. Noteworthy, this is the first report
of semi-preparative LC resolution for the enantiomers isolation
of pentedrone and methylone. For enantioselectivity evaluation,
in vitro studies were performed in dopaminergic SH-SY5Y cells by
incubating firstly the racemate of cathinones.

Each enantiomer of both cathinones was isolated (20 mg) with a
satisfactory recovery (average of approximately 80% for each enan-
tiomer). Furthermore, the enantiomers were characterized through
a method of circular dichroism, polarimetry and GC-MS.

It was possible to verify that pentedrone and methylone showed
neurotoxicity in a concentration-dependent manner, with an EC50
of 2.98 mM and 3.06 mM, respectively. Enantioselectivity studies
on cytotoxicity were performed as well as studies looking for the
understanding of the related cytotoxic mechanisms. In the MTT
assay, it was possible to verify that (+)-pentedrone is more cytotoxic
than (-)-pentedrone.

In conclusion, the optimized analytical LC conditions [3] were
successfully scale-up for the milligram enantioresolution of pent-
edrone and methylone. The performed studies in dopaminergic
SH-SY5Y cell line with the racemic pentedrone and methylone
showed cytotoxic effects in a concentration-dependent manner.
Preliminary studies of cytotoxicity, with both enantiomers of pent-
edrone, revealed enantioselectivity.

Reference

Silva, B., et al., 2016. Chiral enantioresolution of cathinone derivatives present
in “legal highs”, and enantioselectivity evaluation on cytotoxicity of 3,4-
methylenedioxypyrovalerone (MDPV). Forensic Toxicology 34 (2), 372–385.

https://doi.org/10.1016/j.toxlet.2018.07.030

P-Late-07
Co-exposure to cocaine and ethanol induces
oxidative impairment in H9c2 cardiomyocytes
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In recreational settings, ethanol and cocaine are reported to be
the most frequently co-abused substances, which may lead to seri-
ous and/or unexpected intoxications resulting from their combined
effects. In the present study it was evaluated whether ethanol and
cocaine mixtures would be able to elicit a cardiotoxic profile dis-
tinct from that observed for the single drugs.

Cytotoxic effects of cocaine, ethanol, and their mixture (cocaine
1: ethanol 9 ratio based on concentrations found in blood of
intoxicated humans) were assessed in H9c2 cells exposed for
24 h, at 37◦C. After exposure, viability was recorded by the MTT
assay and mixture expectations were calculated using indepen-
dent action (IA) and concentration addition (CA) models. Ethanol
(EC50 305.26 mM) acted additively with cocaine (EC50 2.60 mM)
to significantly increase the drug in vitro cardiotoxicity, even when
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both substances were combined at individually non-cytotoxic con-
centrations. Mixture toxicity (EC50 19.18 ± 3.36 mM) was properly
predicted by IA (EC50 22.95 mM) and CA (EC50 21.75 mM), evidenc-
ing additivity.

Significant oxidative burst, increase of GSSG and concurrent
depletion of GSH, disruption of mitochondrial membrane poten-
tial and energetic status, and triggering of apoptosis were observed
both for single and combined exposures. In general, the mixture
exhibited a toxicological profile that mechanistically did not devi-
ate from the single drugs.

Our results contributed to the elucidation of the cellular mecha-
nisms underlying the in vitro cardiotoxicity of cocaine and ethanol
in combination. In a clinical perspective, the additivity that occurs
between these drugs may render users more prone to the hazards
elicited by each one.

https://doi.org/10.1016/j.toxlet.2018.07.031
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P-glycoprotein (P-gp) is a well-studied ATP-dependent efflux pump
with major importance in the development of multidrug resistance
in neoplastic cells. However, given its broad substrate specificity, its
cellular polarized expression in many excretory and barrier tissues
(e.g. Blood-Brain Barrier), and its great efflux capacity, it plays a
crucial role in the protection of susceptible organs, by significantly
reducing the intracellular accumulation of harmful xenobiotics (e.g.
paraquat) and endogenous substrates, such as the amyloid beta
peptide (A�), therefore reducing their toxicity. For this reason, the
activation and/or induction of this protein can be faced as a poten-
tial therapeutic approach in cases of intoxication or in disorders
such as the Alzheimer’s disease.

Knowing that xanthones are a group known to interact with P-
gp, the main goal of this work was to evaluate the induction or/and
activation potential of 6 newly synthetized xanthonic derivates in
Caco-2 and hCMEC/D3 cell lines, which mimic the intestinal and
blood-brain barriers, respectively.

In silico, a P-gp model was constructed and validated to obtain
a 3D structure of human P-gp that could be used for the structure-
based virtual screening of an in-house library of xanthones, in
search for new potential P-gp modulators. Docking simulations
between the validated P-gp model and the tested compounds were
undertaken, and these compounds were also mapped onto previ-
ously described P-gp induction and activation pharmacophores.

The newly synthetized xanthonic derivatives demonstrated
to interact with P-gp in both cell lines. The tested xanthones
caused a significant increase in P-gp expression and/or activity
after 24 hours of incubation. Also, they were able to significantly
increase the activity of the pump after a short incubation period
(90 minutes), indicating a direct pump activation, without changing
the protein expression. The observed increases in P-gp expression
and activity resulted in a significant protection against the toxic-
ity of toxic substrates, such as the herbicide paraquat. Therefore,

P-gp induction/activation can be faced as a therapeutic approach
to increase the efflux of undesirable compounds, from xenobiotics
in cases of intoxication, to endogenous substrates in cases of neu-
rological diseases such as the Alzheimer’s disease.

https://doi.org/10.1016/j.toxlet.2018.07.032
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Owing their antimicrobial properties, silver nanoparticles (AgNPs)
are increasingly found in the agri-food sector in application such as
coatings, sprays or even unauthorized food supplements. Although
their presence in the gastro-intestinal tract following their inges-
tion can lead to a health impact, some gaps remain concerning
their toxicity. Accordingly, in vitro cellular models could help to
address these questions by assessing toxicity endpoints such as ATP
production or necrosis.

However, because of their high reactivity, nanoparticles are
known to interact with biochemical assays. Direct interaction
can occur between nanoparticles and assay components such as
enzymes or reagents. Alternatively, indirect interactions occur if
the cellular response triggered by nanoparticles interferes with the
assay. Both of these interactions could lead to a bias in the estima-
tion of the AgNPs cytotoxicity. As a result, interference of AgNPs
with classical cytotoxicity assays was first evaluated. Then, differ-
ent cytotoxicity studies were performed on differentiated Caco-2
cells, mimicking the intestinal barrier.

In this study, interference assays have set aside two major clas-
sical cytotoxicity assays: the lactate dehydrogenase dosage, used
as a marker for necrosis and the MTT assay that evaluates the
metabolic activity of cells. Different cytotoxicity endpoints assays
such as ATP content, cell detachment or metabolic activity were
then performed to estimate the cytotoxicity of AgNPs on differen-
tiated Caco-2 cells. Results suggest that ATP content is affected at
lower doses than lysosomal integrity, while the ability to reduce
resazurin, a marker of metabolic activity occurs at higher concen-
trations of AgNPs. Cell detachment occurs finally.

Although preliminary interference assays have to be performed
in a first part, in vitro models can help to investigate the toxicity of
AgNPs. Further experiments now focus on the implication of silver
ions produced by the oxidation of AgNPs in their cytotoxicity.

https://doi.org/10.1016/j.toxlet.2018.07.033
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Hypoxic ischemic encephalopathy (HIE) is one of the main cause
of neonatal death. 65%–75% of surviving newborn suffer the after-
effects including movement disorder, cognitive impairment and
learning disabilities. Therapeutic hypothermia is a standard treat-
ment that improves neurological outcome in neonatal HIE but it

https://doi.org/10.1016/j.toxlet.2018.07.031
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is partially effective. Mesenchymal stem cells (MSCs) have been
reported as a novel therapeutics with the neuroprotective effects
in animal studies. We conducted the toxicity study of K-6187(next
generation, human allogeneic mesenchymal stem cells) for the pur-
pose of a non-clinical safety evaluation. In this study, K-6187 were
transplanted to the cerebral ventricle of postnatal day 7 Sprague-
Dawley rats pups (15 males and 15 females per group) at dose
levels of 0, 1 × 104, 3 × 104 and 1 × 105 cells/head. Five males and
females per group were examined for general toxicity, and 10 males
and females were examined for physical development, behavioral
function, sexual maturation, learning and memory and immuno-
toxicity. As a results, there were no K-6187 related adverse effect
in mortality, clinical observation, body weight, food consumption,
hematology, clinical chemistry, urinalysis, macroscopic findings,
organ weights, microscopic findings and animal development in
any group. Therefore, target organ was not determined and the no
observed adverse effect levels (NOAELs) for both male and female
were considered to be 1 × 105 cells/head. These results suggest that
K-6187 is a potential therapeutic agent in neonates with HIE.

https://doi.org/10.1016/j.toxlet.2018.07.034
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In January and February 2018, food samples were randomly pur-
chased in local markets, large supermarkets, and grocery stores
from different locations of Tarragona County (Catalonia, Spain).
Subsequently, the concentrations of polychlorinated dibenzo-
p-dioxins and dibenzofurans (PCDD/Fs) were analyzed in 45
composite samples of vegetables, tubers, legumes, bread and cere-
als, fish and seafood, meat, eggs, milk and dairy products, fruits,
fats and oils (including extra virgin olive oil), and industrial bakery.
Mullet and sole presented the highest concentrations of PCDD/Fs
(0.262 pg WHO-TEQ/wet weight (ww)), while the lowest levels
belonged to tubers, legumes, vegetables, and fruits (each, 0.003 pg
WHO-TEQ/ww). The total dietary intake of PCDD/Fs for the gen-
eral population was estimated in 8.54 pg WHO-TEQ/day, meaning
a significant reduction in comparison to previous studies (210, 63.8,
27.8 and 33.1 pg WHO-TEQ/day in 1998, 2002, 2006 and 2012,
respectively). This remarkable decrease was due to: i) the reduc-
tion of PCDD/Fs levels in food over time; ii) the use of update
data consumption, according to recent information from ENALIA
and ENALIA2 surveys carried in Spain. The decreasing tendency of
PCDD/Fs intake was observed in all the food groups here assessed,
ranging 35%-60% in comparison to the 2012 survey. Furthermore,
values on the PCDD/Fs dietary intake are in the lowest part of the
range with respect to data from other countries, according to the
scientific literature.

https://doi.org/10.1016/j.toxlet.2018.07.035
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We have already investigated whether exposure to environmen-
tal harmful chemicals such as saturated aliphatic aldehydes induce
the pulmonary inflammatory response associated with lung toxic-
ity. In previous studies, we identified that propanal, butanal, and
pentanal indued pulmonary inflammatory response by secretion
of IL-6 and IL-8, which are pro-inflammatory cytokines. Further-
more, we identified that exposure to aldehydes induced the GPCR
signaling, which could be an essential mechanism associated with
a verity of environmental diseases and cancer. These signaling pro-
vides an important insights into investigations of the molecular
mechanisms underlying environmental chemicals. Until now, the
detailed mechanisms of pulmonary inflammation by aldehydes
exposure have not been well understood. Here, we investigated
whether exposure to three aldehydes induced pulmonary inflam-
matory response via GPR124-dependent signaling pathway in A549
cells. First, we identified that exposure to aldehydes induced the
increase GPR124, Ras, c-raf, MAPK (P38, ERK) expression. And then,
COX-2 expression was also increased following GPR124/Ras/MAPK
signaling cascades. These GPR124-dependent signaling cascades
may provide as a potential target for exposure assessment of alde-
hydes. Further studies of these mechanisms are needed to provide
the more detailed insight into the GPCR-dependent molecular tox-
icological mechanisms of aldehydes in respiratory system. * This
study was supported by the Korea Research Foundation grants
from Korea Ministry of Environment as “The Eco-Innovation Project
(412-111-010),” and “KIST Program” to Ryu, J. C. of the Republic of
Korea
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The occupational exposure in smelting industry is a concern once
workers may be exposed to toxic elements such as arsenic, cad-
mium, and lead. In the present study, a fast, high-throughput and
accurate method was developed for determination of Al, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Se, Cd, Cs, Ba, Pb, U, I, Sn and Sb in urine by
inductively coupled plasma mass spectrometry (ICP-MS). Samples
were directly analyzed after 1/20 (v/v) dilution in 0.4% (v/v) HNO3
and 0.005% Triton X-100. A matrix matching calibration was per-
formed. The accuracy was tested using a urine reference material
(NIST 2670a). Helium was used as a collision cell gas and reduced
effectively polyatomic interferences for Al, Cr, Mn, Fe, Ni, Cu, Zn, As,
Se, Ba, and Sn. The developed method was applied successfully for
trace element biomonitoring of workers occupationally exposed

https://doi.org/10.1016/j.toxlet.2018.07.034
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from a smelting industry 170 km from São Paulo, Brazil. Fifty-six
samples of urine were analyzed. In general, exposure risks were
found bellow acceptable ranges for Cd, Co, Cr and U. Possible health
hazards were found for As and Pb. One worker presented 39 �g L-1
of As in urine, over the limit of 35 �g L-1 (ACGIH, 1998). Another
worker showed 27.8 �g/g creat. for Pb concentration, higher than
the limit of 10 �g/g creat. established by the Brazilian Regula-
tory Standard n◦7 (NR7, 2013). After the end of this study, we
intend to show the results and provide safety recommendations
for this industry aiming to improve the occupational health of
workers.

https://doi.org/10.1016/j.toxlet.2018.07.037
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The default use of non-animal methods for skin sensitisation test-
ing is imposed on EU REACH registrants since the amendment
to point 8.3, Annex VII of the REACH Regulation is entered into
force October 11th, 2016. In preparation of the REACH 2018 dead-
line, in silico (Derek Nexus), in chemico (DPRA) and in vitro
(KeratinoSens

TM and U-SENSTM) data were generated and evaluated in a
weight of evidence approach, as required by ECHA in the Guidance
on Information Requirements and Chemical Safety Assessment
Chapter R.7a: Endpoint specific guidance. If relevant, the need
for further unavoidable in vivo testing was justified. Next to an
overview of the testing strategy followed, a summary of the data
is presented. For some substances non-animal testing was limited
to key events 1 (DPRA) and/or 2 (KeratinoSensTM) due to sol-
ubility constraints. Limited testing of key event 3 (U-SENSTM)
was performed. For some substances in vivo testing could not
be avoided due to contradictory or inconclusive in chemico or
in vitro results or when potency could not be determined via alter-
native methods. Finally, potency determination was based on in
silico data when potency data from read-across analogues were
available.

https://doi.org/10.1016/j.toxlet.2018.07.038
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In vitro approaches to risk assess chemical
mediated changes in thyroid function
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M. Princivalle

Concept Life Sciences, Dundee, Dundee, UK

The hypothalamic-pituitary-thyroid axis (HPT axis) is conserved
across vertebrate evolution. Perturbation of thyroid hormone
homeostasis (THH) can lead to adverse effects in thyroid func-
tion affecting growth, metabolism and cognitive function. In
utero, appropriate thyroid hormone concentrations are absolutely
required for normal nervous system development. Chemical dis-
ruption of THH can occur via a number of mechanisms, including
increased hepatic thyroid hormone clearance, inhibition of iodide
transport into the thyroid (sodium/iodide symporter), inhibition
of iodide oxidation (thyroid peroxidase (TPO)) and inhibition of

thyroid hormone deiodination (deiodinases). To understand the
effect of chemicals on these functions the following assays are
utilised. 1. in vitro primary hepatic thyroid hormone metabolism
(multiple species), 2. thyroid peroxidase inhibition (multiple
species), 3. deiodinase inhibition (rat and human), 4. sodium/iodide
symporter inhibition (rat). Rat sodium iodide symporter inhibition
and rat and human deiodinase 1,2 and 3 inhibition assays are
currently being validated. Here we report the validation of in vitro
rat, dog, pig and human TPO inhibition and in vitro primary
hepatocyte metabolism of thyroxine (T4). In concurrence with the
literature, TPO inhibition by 6-propyl-2-thiouracil (PTU) shows
broad sensitivity across the species tested. in rat (IC502.2 �M)
Dog (IC5017.7 �M) pig (IC507.6 M) and human (IC5050.9 �M).
T4 metabolism by primary cultures of human and rat hepatocytes
show a consistent dose response induction (approximately 2 fold
over vehicle control) in response to reference item administration.
These assays form part of an in vitro screen used to generate data
to understand chemical endocrine disruption hazard.

https://doi.org/10.1016/j.toxlet.2018.07.039
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Introduction: Repeated-dose toxicity (RDT) tests are of great
importance to chemical safety assessment. Numerous findings are
often observed in one RDT test with one test compound and thus
it is very difficult to understand relationships among those find-
ings and also the mechanisms of toxicities observed. In this study,
to overcome these difficulties, we investigated the relationships
among the toxicological findings observed in RDT tests by use of
toxicity database and statistical methods.

Methods: The results of 28-day rat RDT tests of 233 compounds
were extracted from the toxicity database HESS, publicly avail-
able from NITE, Japan. Total of 137 findings, including 66, 23, and
48 findings associated with livers, kidneys, and blood biochem-
istry/hematology, respectively, were selected for investigation. JMP
Pro 13 (SAS Institute), Microsoft Excel and R were used for statistical
analyses.

Results and Discussion: Among the 137 toxicological findings,
106 were observed with the compounds used. These 106 findings
were classified into 13 groups by a hierarchical clustering (Ward’
method) using Jaccard similarity coefficients, which were calcu-
lated based on the overlaps of inducing compounds, as distances
between compounds. Then, the associations among the findings
within each group were investigated by Chi-square tests. As
results, we found numbers of unexpected associations between
findings with statistical significance; e.g. between renal hyaline
droplets and centrilobular hepatocyte hypertrophy, between renal
hyaline droplets and absolute liver weight increase, and ALT
increase and glucose increase in blood. These results suggest that
these toxicities have a similar mechanism(s) involving a common
molecular target and/or that one toxicity induces another toxicity
to occur sequentially. Venn diagram analysis of each group also
enabled us to sub-categorize a set of test compounds that show a
given finding, based on their accompanied toxicity. These results

https://doi.org/10.1016/j.toxlet.2018.07.037
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could be useful to choose appropriate test compounds for in vitro
and in vivo mechanistic analyses.

https://doi.org/10.1016/j.toxlet.2018.07.040
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Cork has traditionally been used for wine-bottling due to its phys-
ical, chemical and mechanical specific properties. The extractive
compounds present in cork have been described as responsible
for the organoleptic wine characteristics and have recently been
related to cork biological potential [1,2].

In this line, the aim of this work was to characterize cork extracts
from eleven different geographical origins by GC-MS and study
the cytotoxic effects of cork semi-volatile compounds in human
colorectal adenocarcinoma cells SW480, after 24 h exposure. By
using the concentration–response analysis of all individual com-
pounds, two additive mixture models, concentration addiction (CA)
and independent action (IA), were applied to predict the mixture
effects. Then, cork methanolic extract and a design mixture of the
three main compounds were tested for proof of concept.

Lupeol, stigmast-4-en-3-one and �-sitosterol were the main
compounds identified in cork extracts with concentrations of
58.7 ± 2.4, 36.8 ± 3.5 and 12.2 ± 0.5 mg/g, respectively. All individ-
ual compounds and cork extract unveiled a decrease in cancer cells
viability. The major component in cork extract, lupeol, was the
most cytotoxic compound (EC50 23.5 mg/L). The additive predic-
tion models estimated higher toxicities for the combination of the
three major components (IA EC50 9.86 mg/L; CA EC50 56.7 mg/L)
than that observed for the whole cork extract (EC50 89.1 mg/L).
The interfering effect of other minor components of cork extract
may justify the attained antagonism, since the experimental test-
ing of a ternary mixture containing lupeol, stigmast-4-en-3-one
and �-sitosterol at the proportion found in cork extract (EC50
52.19 ± 4.4 mg/L) resulted in additivity by CA.

Overall, semi-volatile compounds present in cork extract pro-
voked a significant damage to human colorectal adenocarcinoma
cells. In particular, the major components lupeol, stigmast-4-en-3-
one and �-sitosterol seem to act additively, demonstrating a high
potential of cancer treatment to this natural matrix.

Acknowledgements: CorkPlus 3310 project – “Contribution
of cork stoppers to the chemical and sensory properties of bot-
tled wine” co-financed by FEDER through the COMPETE 2020 and
UID/MULTI/04378/2013 – POCI/01/0145/FEDER/07728, Portugal.
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In the western world, the prevalence of allergies has increased
since the industrial use of chemicals has grown. Certain substances,
sensitizers, can induce allergic contact dermatitis which provoke
symptoms that severely affect life quality. To prevent individuals
from exposure, chemicals are required to be safety tested.

The GARD platform is an in vitro state of the art assay developed
for the assessment of sensitizers. It is based on a human myeloid
cell line, SenzaCell, and analysis of gene expression post substance
stimulation.

During the development of the GARD platform, two solvents
were used; DMSO and Water. To increase the applicability domain
of GARD and the solubility of certain test items, it is important to
broaden the range of polar and non-polar solvents. Also, the ISO-
standard for Biological evaluation of medical devices (ISO10993)
requires non-polar vehicles; a challenge for in vitro assays.

Here, we selected 7 novel solvents to be tested with the
GARDskin assay; Acetone, Dimethylformamide (DMF), Ethanol, Iso-
propanol, Sesame oil, Super refined sesame oil and Super refined
olive oil.

To examine the limit of in-well concentration of DMSO, Ace-
tone, DMF, Ethanol and Isopropanol, cells were stimulated with the
solvents in a concentration range (0.1–5%). The concentration that
did not generate cytotoxicity or cell activation was analysed by the
GARD prediction signature (GPS) and all solvents were found to be
non-sensitizing, i.e. compatible with GARD.

The assay is dependent on an aqueous system and thus, in the-
ory, non-compatible with oils. However, combined with a trans
well system, oils could be analysed. The oils did not induce cyto-
toxicity, and even though all were shown to be sensitizers, the low
signal induced by olive oil allows for assessing relative sensitization
of extracts.

Furthermore, the oil was spiked with a sensitizer, 2-
aminophenol, and analysed by GPS. A clear positive signal verified
that oil-based extracts are compatible with GARD.

Interestingly, the regular unrefined sesame oil showed a distinct
sensitization signal, mirroring the fact that impurities may cause
sensitization.

Here, we show that GARD is compatible with a wide range
of polar and non-polar solvents, thus extending the applicability
domain to include test items with low solubility, UVBCs, mixtures
and medical devices.

https://doi.org/10.1016/j.toxlet.2018.07.042
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�-keto amphetamines, chemically similar to classical
amphetamines, have recently emerged as new psychoactive
drugs and have been advertised as safe and legal alternatives.
However, it has been demonstrated that many of these drugs
display a similar or even worse toxicological profile than classical
drugs of abuse.

Differentiated dopaminergic SH-SY5Y cells were used as in vitro
model to study to compare the neurotoxicity of 2 �-keto
amphetamines, 3,4-dimethylmethcatinone and mephedrone, with
that of the classical drug, methamphetamine, being that all tested
compounds have particular affinity to dopaminergic transporters.

SH-SY5Y cells were differentiated with retinoic acid and 12-O-
tetradecanoyl-phorbol-13-acetate for 6 days in order to acquire a
dopaminergic phenotype. Cells were then acutely exposed to drugs
on a concentration range (0-5 mM) for 6, 12 or 24 h, after which cell
viability was evaluated by MTT reduction and neutral red uptake
assays. 2′,7′-dichlorodihydrofluorescein diacetate probe was used
to assess the production of reactive oxygen or nitrogen species
(ROS/RNS). In order to evaluate the effect of two putative neuro-
protectors, cells were pre-treated for 30 min with 1 mM NAC (an
antioxidant) or 100 nM clorgyline (a specific and irreversible MAO-
A inhibitor), and then co-incubated with drug concentrations that
promoted 25%, 50% or 75% of toxicity, as assessed by the MTT reduc-
tion assay at 24 h exposure.

Both synthetic cathinones and methamphetamine induced
cell death in a concentration and time-dependent manner on
both viability assays. The rank order of cytotoxicity was 3,4-
dimethylmethcathinone > mephedrone > methamphetamine, for
the MTT reduction assay at 24 h of exposure. Pre-treatment with
NAC or clorgyline was partially neuroprotective for the two cathi-
nones tested, in accordance to the MTT reduction assay and also
promoted a decrease in ROS/RNS production.

In conclusion, both tested cathinones exhibited higher toxicity
than methamphetamine, and further studies are needed to unveil
the mechanism of their dopaminergic toxicity and to reveal puta-
tive therapeutic targets.
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P-Late-21
Determining mechanisms of mitochondrial
toxicity using Agilent Seahorse XF Technology
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Agilent Technologies, Cell Analysis Division, Lexington, US

Mitochondrial dysfunction is increasingly implicated in the eti-
ology of drug induced toxicities and is a major reason for
safety-related compound attrition and post-market drug with-
drawals. Most assays currently used for mitochondrial toxicity
studies provide limited mechanistic information. There is a need
for more reproducible assays that provide mechanistic informa-
tion to support selection of the most promising lead compounds
and screen out off-target effects. Here, we provide a standard work-
flow to enable a comprehensive characterization of the mechanism
of action of mitotoxic compounds. A library of commercially-
available small-molecule compounds was screened in dose- and
time-response studies with the recently developed XF Real-Time
ATP Rate assay in intact cells (HepG2). We identified several com-
pounds with a mitotoxic but not cytotoxic effect after acute (1
hr) or long (18 hr) treatment. Interestingly, we found that the
fatty acid amide hydrolase (FAAH) inhibitor PF-3845 induced a
decrease of mitochondrial ATP production that is compensated
with an increase in glycolytic activity without significant changes
in cell viability. Additionally, using the permeabilizing agent XF
PMP we were able to identify the mechanism of action of the mito-
toxic compound at the molecular level. Treatment of cells for 1
hr with the FAAH inhibitor induced a dose-dependent decrease of
complex I activity when respiring on various substrates but did
not affect complex II-dependent or complex IV-dependent respi-
ration. A similar response was obtained when cells were treated
with anandamide, the substrate of FAAH enzyme, demonstrating
that the accumulation of the FAAH substrate, but not the enzyme
inhibitor by itself is affecting mitochondrial activity. The proposed
workflow can be used for deeper evaluation of safety of lead
compounds, to discard presence of off-target effects or to char-
acterize the mechanism of mitotoxicity observed in pre-clinical
studies.

https://doi.org/10.1016/j.toxlet.2018.07.044

https://doi.org/10.1016/j.toxlet.2018.07.043
https://doi.org/10.1016/j.toxlet.2018.07.044


Contents lists available at ScienceDirect

Toxicology Letters

journal homepage: www.elsevier.com/locate/toxlet

Author-Index

Author Contributions

A Rahaman, Muhamad Hatib P16-43
Aartsma-Rus, Annemieke S05-01
Abal, Miguel P25-12
Abd Kadir, Nurul Huda P16-43
Abdelgied, Mohamed P17-05
Abdelhamid, Mona P17-05
Abdelrazik, Mohamed P25-13
Abdul Fattah, Fararjeh-Salah P03-04
Abe, Atsutoshi P05-01
Abe, Kaori P23-12
Abernathy, Matthew P25-21
Abete, Maria P25-01
Abo, Takayuki P01-26
Acali, Stefano P22-09
Adachi, Reiko P13-16
Adam, Vojtěch P03-09
Adenuga, David P16-45
Adi-Bessalem, Sonia P13-10
Adjaye, James P12-32
Adriaens, Els OP03-03, P07-28
Aerni, Reto P19-01
Aerts, Hélène P06-15
Afram, Michel P12-20
Afzali, Maryam OP01-03
Agbohessi, Prudencio P02-03
Agemark, Maria P19-29
Aggarwal, Manoj P11-14
Aggerbeck, Martine P08-14
Ahmed, Shaheda OP03-07, OP03-06
Ahmetaj-Shala, Blerina P07-01
Ahn, Ilyoung P01-15
Ahn, So Yoon P-Late-11
Aikawa, Nobuo P01-03
Airaksinen, Antero P12-47
Aisaki, Kenichi P18-09, OP01-08, P05-17
Aissa, Alexandre P11-05
Akagawa, Takumi P07-07
Akagi, Jun-ichi P13-16
Akarsu, Esin P17-24, P17-23
Akashi, Toshi P17-16
Akgöl, Sinan P17-18
Al Hatem, Chafik P13-06, OP01-02
Al Zallouha, Margueritta P13-08
Aladjov, Hristo P19-25, CEC6-03
Alam, Masih P13-18

Author Contributions

Alamir, Barkahoum P04-04
Alberici, Luciane P18-08
Albrecht, Catrin S08-03
Alegakis, Athanasios P23-21, P23-17
Alegkakis, Athanasios P03-13
Alegría-Torres, Jorge P18-12
Aleksic, Jelena P07-31
Alexander, David P17-05
Alexander, William P17-05
Alexandre, João P-Late-01
Alexandrova, Radostina P25-09, P06-10
Alfaro-Moreno, Ernesto P17-14
Allen, Timothy P05-13
Allingham, Philip P07-39
Allorge, Delphine P12-22
Almaraz, Pablo P11-13
Almeida, Jose P12-11
Alouani, Paul P07-20
Alpertunga, Buket P16-28
Altangerel, Enkhjargal P09-01
Altknecht, Louise P23-22
Altuna, Ane P01-08
Álvarez, Laura P08-04, P03-03
Alves, Frauke P07-32
Aly, Sanaa P25-13
Amane, Mohammed P12-46
Amaro, Amaro P12-36
Amaro, Raquel P12-37
Amberg, Alexander P05-20
Ameloot, Marcel P17-22
Amzal, Billy P24-08, S09-03, CEC3-01
Amziane, Ahmed P04-04
An, Susun P01-10
Anadon, Arturo P23-03
Anadón, Arturo P16-03
Ananiadou, Sophia P12-01
Ancian, Philippe P16-35, P02-12, P02-10
Andersen, Lærke Symp01-07
Anderson, V. P19-04
Andersson, Niklas CEC5-02, CEC5-01
Ando, Hiroshi P17-19
Andreassen, Monica CEC1-01
Andréo-Filho, Newton P01-16
Andres, Eric OP03-05, P07-30
Andrys, Ctirad P11-04

http://www.sciencedirect.com/science/journal/03784274
https://www.elsevier.com/locate/toxlet


Author Contributions

Angelinetta, Claudio P01-30
Angelova, V. P05-21
Anger, Lennart P05-20
Angulo, Santiago P12-07
Anjum, Umar P12-41
Annida, Rumaisha P06-20
Antal, Diana P12-47
Antonijević, Biljana P22-08, P22-04
Antonijević, Evica P22-08, P22-04
Antunes, Bernardo P03-12
Antunes, Lusania P11-05
Anzai, Takayuki P19-01
Aoki, Hiromasa P07-29
Apalaki, Evita P23-21
Apic, Gordana P07-31
Appenzeller, Brice OP01-01
Arabi, Azadeh S25-03
Arabrahmatipour, Gholamreza P25-39, P04-02
Aragon, M. P01-18
Araki, Daisuke P01-26
Arantes, Eliane P13-12
Araújo, Ana P23-06, P16-21, P-Late-

04, P-Late-02
Araujo, André P16-13
Araújo, Margarida P-Late-03
Arbo, Marcelo P23-22
Archer, Caroline P06-12
Ardizzone, Michele P10-07
Ares, Irma P23-03, P16-03
Arezzo, Joseph S20-03
Aries, Sami P04-04
Armitage, Jim P23-09
Armstrong, Duncan Symp01-02
Arnold, Cedric P12-04
Arsene, Andreea P12-49
Arslan, Aysu P06-17
Artois, Tom P01-32
Arts, Josje P25-16
Assaf Vandecasteele, Hind P12-11
Atangwho, Item P23-02
Aubry, Bérengère P16-44
Auffan, Mélanie S18-01
Augustine, Starrlight S09-03
Authier, Simon S20-02, P25-21, P19-18
Aydemir, Sezgin P11-22
Aydın, Ahmet P08-12, P06-24
Ayehunie, Seyoum P07-37
Azevedo, Lara P18-08
Azzopardi, D. P01-18
Baas, Jan S09-03
Baccam, Mekine P12-38
Bachler, Daniel P05-25
Bachmann, Natascha P07-39
Backhaus, Thomas S14-04
Baconi, Daniela P25-40, P25-32
Bae, Yunyoung P10-17
Baerfaker, Lars Symp01-06
Baines, Ian P06-05
Bakan, Nafiye P17-18
Baker, Nancy P05-24
Balan, Galyna P04-08
Balasch, Joan Carles P02-01
Baldrick, Paul S15-04
Ball, Nicholas CEC5-05

Author Contributions

Balling, Rudi P12-03
Baltazar, Maria P13-05
Bandhakavi, Sri OP02-03
Banfi, Gergely P25-14
Bansard, Carine P16-35, P02-10
Bantle, Collin P01-04
Barad, Indrajit P11-26
Baradat, Maryse S11-02
Barakat, Amal P16-48
Baralić, Katarina P22-08
Barbier, Olivier P16-06
Barbosa Júnior, Fernando P25-20, P18-08, P02-13
Barcham, Rola OP03-05
Barentsen, Helma P07-12
Barenys, Marta OP01-09
Barhdadi, Sophia P05-12
Baricicova, Magdalena P05-28
Barizzone, Fulvio P19-02
Barouki, Robert P08-14
Barral, Josue P11-13
Barratt, Benjamin P02-06
Barreras, Paula S06-03
Barrile, Riccardo S01-03
Barron Cuenca, Jessika P11-13
Barry, Mouctar P07-30
Bars, Chloe P01-34
Bartels, Michael P24-15
Barthakur, Sonalee S01-03
Bartoloucci, Giovanni P20-10
Bassan, Arianna S09-03
Bastos, Maria de Lourdes P25-22, P23-06, P16-24,

P16-21, P16-20, P04-06,
P-Late-20, P-Late-18, P-
Late-09, P-Late-07, P-
Late-05, P-Late-04, P-
Late-03, P-Late-02,

Batista, Bruno Lemos P-Late-14
Batteux, Frederic S11-03
Battistoni, Maria P16-22
Bauch, Caroline P16-42
Bauer, Franklin P05-15, P05-11
Baumann, Jenny OP01-09, P07-23
Baxter, Andrew P22-06, P18-13
Bayjanov, Jumamurat P05-16
Beaudequin, Laetitia P01-22
Beaudouin, Remi S09-03, CEC3-01
Beceren, Ayfer P11-22
Bechara, Rami P13-01
Bechaux, Camille P24-10, S09-03, CEC3-01
Becker, Daniel OP01-09
Becker, Kathrin P13-21
Beckler, Matthias P07-32
Bécourt-Lhote, Nathalie P06-19, P06-15
Béduneau, Arnaud P17-15
Beekhuijzen, Manon S23-01, P01-35
Beger, Richard P18-02
Behrsing, H. P01-18
Beirnaert, Charlie OP01-04
Bekaert, Bram P17-22
Belcastro, Vincenzo P22-09
Bell, D.R. CEC5-01
Bell, David CEC5-02
Bellec, Muriele P12-33
Bellemain, Aymeric P12-21



Author Contributions

Bellingham, Michelle OP02-08, P06-28
Bellion, Phillip CEC2-06
Beltman, Joost S08-01, P05-05
Belushkina, Natalia P23-15
Benainous, Hugo P07-22
Benavent, Mónnica P16-38
Bencherif, Mahacene Samah P04-04
Benchikh, M. P19-04
Bendt, Farina P12-34, OP01-09, P07-23,

P07-18
Benfenati, Emilio S14-04, P12-01, S09-03,

P05-09
Benford, Diane S14-04, S02-01
Bengalli, Rossella P19-17
Bennekou, Susanne S14-04
Bent, Sebastian OP03-01
Benzi, Jhohann P04-10
Bergdahl, Ingvar P12-03
Berglund, Marika P11-13
Berni, Imane P12-46, P12-40
Bernstein, David P12-43
Berntsen, Hanne P08-01
Berrada, Houda P10-23, P10-22
Berrada-Gomez, Marie-Pierre P12-33
Berthelsen, Line P01-23
Bertinetti, Carole P07-20
Bertinetti-Lapatki, Cristina Symp01-05
Bessa, Maria P17-28, P17-25
Bessems, Jos P24-12
Bhatti, Konain P07-01
Bhuwania, Ridhirama Symp01-07
Biala, Grazyna P17-04
Bibby, Louis OP03-07, OP03-06
Bicherel, Pascal P05-11
Bichlmaier, Ingo S25-04
Bienfait, Bruno P05-27, P05-18
Bil, Wieneke OP03-01
Bilau, Maaike P-Late-15
Billet, Sylvain P13-08
Birk, Barbara P20-05, P18-07, P12-12,

S08-02, P08-15, P07-26
Bischoff, Luc P07-34, P05-05
Bjerre, Niels P10-02
Bjerregaard, Thomas P05-03
Björvang, Richelle OP02-07
Black, Christopher P07-48
Blaeser, Andreas P07-18
Blömeke, Brunhilde P13-19, P12-12, P12-09,

P07-41
Boberg, Julie OP02-02
Bock, Udo P12-12, P12-09
Bode, Gerd P11-17, P03-08, P03-07
Boeckmans, Joost S06-02
Boeckx, Bram P17-22
Boere, John P17-28, P13-07
Boerno, Stefan P18-03
Bogdanovic, Gordana P06-09
Bohler, Sacha P12-03
Bois, Frédéric P24-03, S09-03, P05-25,

CEC3-01
Boitel, Elodie P01-21, P01-20
Boje Nielsen, Jonas P16-35, P02-10
Bokkers, Bas S08-03, CEC2-05, CEC1-06
Boldrini-França, Johara P13-12

Author Contributions

Bol-Schoenmakers, Marianne S21-04
Bolze, Florian Symp01-07, P01-23
Bonacina, Luigi P07-22
Bondarenko, Olesja P13-23
Bonnar, David P12-30
Bonner, James P17-26
Bonomo, Silvia OP02-02
Bontemps, Alice P16-06
Boobis, Alan S09-03, S02-03
Boogaard, Peter J. P19-22
Bookstaff, Robert P12-38
Boon, Ruben P01-24
Boonen, Francis P17-20
Boonen, Julie P02-02
Bopp, Stephanie P19-30
Boran, Tugce P16-28
Borbéy, Gábor S27-03
Borgie, Mireille P13-08
Borgne-Sanchez, Annie P16-44, Symp01-06
Bornehag, Carl-Gustav S27-01, OP02-07
Borozan, Sunčica P25-36
Borschneck, Daniel S18-01
Borska, Lenka P17-03, P11-04, P11-03
Borsky, Pavel P11-04
Bos, Peter CEC3-02
Bošnir, Jasna P10-27
Botham, Philip S02-05
Bottero, Jean-Yves S18-01
Boudali, Lotfi P19-28
Boue, Stephanie P22-02
Boughazi, Houssem P04-04
Boulay, Emmanuel P25-21
Bou-Maroun, Elias P12-20
Boussoufa, Dhouha P16-30
Bouwmeester, Hans S18-02, P01-11
Bovard, David P07-11
Bové, Hannelore P17-22
Boverhof, Darrell P11-06
Bowden, Anthony P12-11
Bowe, Gerald S06-05
Bozhilova, Stela P22-06
Braam, Stefan P07-46
Braeuning, Albert OP02-09, OP01-05, P10-

13, P10-11, P02-14
Brandão, Maria P17-28, P17-25
Brandsma, Inger P20-11, P11-16
Branik, Maja OP02-03
Brassinne, Frederic P17-13, P17-10
Bravo, Rita P16-20, P-Late-07
Breche, Sébastien P25-08
Bredsdorff, Lea P10-20, P10-06
Bree, Françoise P01-22
Breheny, Damien P18-13
Breitenfeld, Luiza P25-18
Breitenstein, Daniel S08-03
Bressan, R. B. S27-04
Bressers, Steffi P01-35
Briede, Jacco P10-12
Bright, Nicholas P06-05
Brochot, Celine S09-03, CEC3-01
Bronze, Soraia P-Late-20
Brouwer, Kenneth P07-48
Brown, Jeff P01-12
Browne, Patience S06-05



Author Contributions

Brulport, Axelle P08-02
Brunasso Cattarello, Lara P12-24
Brunori, Gino P23-09
Brusa, Davide OP01-02
Brüschweiler, Beat P05-02
Bryant, Stewart P23-19
Brzicova, Tana P17-12
Bubalo, Nataliia P04-08
Bubalo, Volodymyr P20-06, P11-19, P04-08
Buckley, N. P19-19
Budde, J. P01-18
Budinsky, Robert CEC1-03
Budnik-Zawilska, Milka P06-12
Buesch, Stefanie P07-05
Buettner, Ansgar P22-01
Buga, Ana P12-49
Buha Đorđević, Aleksandra P22-04
Buhrke, Thorsten P10-13
Bujnakova Mlynarcikova, Alzbeta P20-08
Bulat, Zorica P22-08, P22-04
Bunger, Maureen P07-05
Buratti, Franca S09-03, CEC3-01
Burbank, Matthew P19-28
Burgoon, Lyle P19-25, P05-24
Burkhardt, Sandra P07-39
Burleson, Florence P19-29
Buron, Nelly P16-44
Burri, Estelle P12-04
Burrier, Robert OP01-06
Burykina, Tatiana P09-03
Busch, Susann P16-10
Busquet, Francois P01-25
Butcher, James P13-05
Buvat, Agathe P06-15
Buyl, Karolien S06-02
Buzzella, Alice P01-30
Byeon, Jae Hee P07-17
Cabellos, Joan P17-17
Cabral, Mathilde P12-22
Cabral, Miguel P-Late-18
Caiment, Florian P18-10, P18-03, P02-06
Calçada, Bruno P19-14
Calina, Daniela P12-49
Caloni, Francesca P07-08
Camargo, Miguel P06-16
Cambier, Sebastien P07-41
Cameán, Ana P11-10, P10-08
Camões, Sérgio P25-12, P03-12
Campos, Alexandre P17-07
Čanak, Iva P10-27
Canfyn, Michael P05-12
Canipa, Steven P12-42
Capela, João P-Late-20
Caporale, N. S27-04
Cara Carmona, Julia P19-02
Carballo, Dionisia P10-22
Carbone, Severio P16-36
Cardwell, S. P19-04
Carey, Conn P07-14
Carlsson, Max P16-47
Carmo, Helena P25-22, P16-24, P16-20,

P16-13, P-Late-07, P-Late-
01, P-Late-09, P04-06

Carneiro, Maria P18-08

Author Contributions

Carrieri, Mariella P20-10
Carrillo, Juan Carlos P19-22
Cartlidge, George CEC5-02, CEC5-01
Cartus, Alexander P16-47
Carvalho, Félix P25-33, P25-30, P25-22,

P25-12, P16-24, P16-20,
P16-13, P-Late-20, P-Late-
07, P-Late-05, P-Late-02,
P-Late-01, P04-06

Carvalho, Joana P12-28
Carvalho, Márcia P23-06, P16-21, P-Late-

04, P-Late-02
Carvalho, Tiago P23-06
Carvalho-Wodarz, Cristiane S07-01
Casanova, Alfredo P25-22, P-Late-03
Casati, Silvia OP03-03
Cassee, Flemming P17-28, P13-07
Cassoli, Juliana P18-08
Castagné, Vincent P25-08
Castle, Laurence S14-04
Castoldi, Anna P19-02
Castro, Ana P16-21
Castro, Matilde P03-12
Castro, Michele P16-17
Catoire, Sophie P12-21, P01-22
Caul-Futy, Mireille P07-20
Cayley, Alex P12-42
Cazier, Fabrice P13-08, P12-22
Ceballos, Leandro P08-04
Cebers, Gvido P06-16
Cedergreen, Nina S14-04, P10-02
Cendoya, Xabier OP02-01
Ceriani, Lidia S09-03
Cerna, Tereza P03-09
Ceron, Carla P16-17
Cervena, Tereza P07-47
Chadeau-Hyam, Marc P02-06
Chagnon, Marie-Christine P12-20, P08-02
Chalouati, Hela P16-30
Chang, Chiwan P07-33
Chang, Yun-Sil P-Late-11
Charlier, Corinne P20-02
Charmeau-Genevois, Carole P25-17, P05-11
Chary, Aline P07-41
Chase, Brian P07-02
Chatham, Lynsey R. P-Late-16
Chaurand, Perrine S18-01
Chebib, Hanna P12-20
Chen, Jie P07-43
Chen, Xuejun P24-02, P12-05, P07-03
Chen, Yafei P23-19
Chérifi, Fatah P06-06
Cheroni, C. S27-04
Chesnais, François P01-24
Chesne, Christophe P06-20
Chesnut, Megan S06-03
Chettoum, Aziz P23-10
Chhann, Solida P-Late-03
Chiappini, Florencia P08-04, P03-03, P03-02
Chirita, Cornel P25-32
Cho, Eun-Ho P07-17
Cho, Eunyoung P11-18
Cho, Sun-A P01-10
Cho, Yoon P-Late-13



Author Contributions

Cho, Young-Man P13-16
Choi, Judy P08-03
Choi, Jungil P10-18
Choi, Kyung-Chul P23-08
Choi, Mi Ri P10-17
Choi, Minseok P01-10
Chollet-Martin, Sylvie OP01-10
Choudhury, Rawshan P13-18
Chrétien, Claire P17-15
Chui, Ray P25-21
Chung, Kyu Hyuck P23-18, P16-37
Clark, Graeme P-Late-16
Class, Reiner P06-16
Claude, Nancy P06-19, P06-15
Clayton, Olivia P18-03
Clerbaux, Laure-Alix P01-09
Clewell, Harvey S09-01, P24-13
Clouet, Elodie P07-16
Cocca, Claudia P03-03, P03-02
Coccini, Teresa P07-08
Coecke, Sandra S06-05, P01-09
Cohen, Samuel S
Colaiacovo, Monica P20-09
Coleman, Dominic P07-04
Coleman, Kelly P13-04
Collins, Peter P02-06
Collins, Teresa Symp01-10
Colombero, Giorgio P25-01
Cólus, Ilce Mara P11-08
Colwell, Michael OP01-06
Combourieu, Bruno P12-21
Concoby, Beth P12-38
Conegliano, David S01-03
Connolly, Lisa OP02-08, P08-01
Conquet, Laurine P16-06
Constant, Samuel P07-22, P07-20, CEC4-03
Contal, Servane P07-41
Conto, Antonio P12-24
Coort, Susan P16-50
Copple, Ian S11-04
Corazza, Fúlvio P01-16
Cordeiro, Everson P03-06
Coricovac, Dorina P06-26
Corke, Sarah P18-13
Cornu, Raphaël P17-15
Correia, Sara P25-18
Corsini, Emanuela P19-21
Cortinas Abrahantes, Jose CEC4-01, CEC2-04
Cortinas-Abrahantes, Jose S09-03, CEC3-01
Corvaro, Marco P24-15
Corvi, Raffaella P19-30
Cosledan, Sylvie P12-19
Costa, Ana P04-10
Costa, Carla P17-25, P12-37, P12-36,

P02-13
Costa, Solange P12-37, P12-36, P12-28
Costa, Tássia P13-12
Costa, Vera Marisa P-Late-05, P-Late-20
Costache, Marieta P25-40, P11-23
Costa-Valle, Marina P23-22
Costin, Emilia-Gertrude P01-12
Costisor, Otilia P25-09
Cottrez, Françoise P13-04, P01-21, P01-20
Courcot, Dominique P13-08, P12-22

Author Contributions

Courselle, Patricia P05-12
Covaci, Adrian OP01-04
Cowie, David S23-02
Crenguța Nicolae, Alina P12-49
Creusot, Thomas P12-21, P01-22
Creutzenberg, Otto P17-26, P17-06
Croera, Cristina P19-02
Cronin, Mark P12-35, P05-27, P05-18,

P05-14, P05-06, CEC5-03
Cruz, Teresa P25-18
Cruz-Vázquez, Carlos P12-13
Cubberley, Richard P24-07, P13-05, P12-35
Cui, Zheng-Guo P10-28
Culita, Daniela-Christina P06-10
Culita, Daniela-Cristina P25-09
Cullinan, Paul P02-06
Culot, Maxime OP03-10
Ćupić Miladinović, Dejana P25-36
Ćupić, Vitomir P25-36
Curcic, Marijana P22-04
Ćurčić, Marijana P22-08
Curmi, Pierre P12-20
Currie, Richard S23-02
Curtiss, Cameron P01-24
Cuykx, Matthias OP01-04
Czarny, Anna P25-35
Czekala, Lukasz P07-21, P07-10
Czich, Andreas P05-20
Da Silva, Antero P19-16
Dach, Katharina P12-34, P07-23
Dacić, Sanja P25-36
D'Agostino, G. S27-04
Dalgaard, Majken Symp01-07, P01-23
Dall´Asta, Chiara P22-03
Dalleau, Sabine S11-02
Dallegrave, Eliane P23-22
Dalsgaard, Charlotte P01-23
Damdimopoulou, Pauliina OP02-07
Dameron, Greg P01-05
Damiens, Marie-Hélène P07-16
Damsten, Micaela P12-47
Dănciulescu-Miulescu, Rucsandra P02-04
Danen, Erik P16-23
Daniel-Wójcik, Anna P12-45
Danzeisen, Ruth OP02-10
Daou, Claude P12-20
Dare, Theo P23-09, P06-05
Darici, Salihanur P16-23
Darney, Kevin P24-10, S09-03, CEC3-01
Darpo, Borje S24-01
Darragh, J. P19-04
Daston, George P12-02, P05-24
Daunt, Andrew P07-24
Dávalos-Pérez, Adriana P18-12
Davis, Allen CEC2-03
Davis, Luther P06-05
Davoodi, Ali P17-21
Dawson, A. P19-19
De Decker, Annelies P09-02
De Gussem, Valentin P12-23
de Haan, Laura P01-11
de Haan, Lolke S04-04
de Hoogh, Kees S13-01
De Javel, Dominique P12-33



Author Contributions

de Jong, Wim S16-01
de Jonge, Rob P12-39
De Kock, Joery S06-02, P06-17, CEC4-04
de Kok on behalf of the PHYTOME

consortium, Theo
P10-09

de Kok, Theo P10-12, P02-06
de la Fuente, Alexandre P25-12
de la Peña, Eduardo P25-06
de Leeuw, Victoria P07-13
de Luna-López, Maria P12-13
de Marco, Giuseppe P17-14
de Moraes, Natália P04-10
de Oliveira, Eliandre P08-14
De Seze, Guilhem S09-03
De Simone, Uliana P07-08
De Smet, Liesbeth P-Late-15
De Smedt, Ann P-Late-15
De Soomer, Maxim P09-02
de Sousa, Georges OP02-09
De Temmerman, Pieter-Jan P17-13
De Vos, Sandra P17-13
de Vries, Irma P04-05
De Wever, Veerle P06-16
de Wilde, Roelof P07-40, P07-38
Dear, Gordon P23-09, P06-05
Dearman, Rebecca P01-13
Debatis, Michelle P07-25
Decaesteker, Tatjana P13-13
Dechandt, Carlos P18-08
Decheix-Nguyen, Armelle P02-12
Deconinck, Els P01-05
Deconinck, Eric P05-12
Decorde, Joachim P16-35
Deenen, Rene OP01-09
Dehelean, Cristina P06-26
Dekeyne, Anne P06-19
Del Bufalo, A. P05-07
Del Favero, Giorgia P10-21
del Río, Eva P16-38
Delannoy, Melanie P05-11
Delany, John S23-02
delaunois, annie S24-02
Delaunois, Annie OP01-06
Delepée, Raphael P13-08
Delgado, Fernanda P25-37
Dellafiora, Luca P22-03
Delmaar, Christiaan CEC1-06
Delsing, Dianne P10-29
Demeneix, Barbara S27-02
Demuth, Philipp P20-05
Den Hond, Elly P09-02
Dent, Matt P12-35
Derr, Remco P11-16
Descotes, Jacques P02-12
Desprez, Bertrand P12-35
Deters, Alexandra P08-09
Detroyer, Ann P05-07
Dhanarisi, Hewa Kalukapuge P06-13
Di Consiglio, Emma S09-03, CEC3-01
Di FIore, Stefano P23-14
Di Mascio, Paolo P16-19, P16-18, P03-06
Di Renzo, Francesca P16-22
Diallo, Idrissa P24-13

Author Contributions

Dias da Silva, Diana P16-24, P16-20, P-Late-
07, P-Late-18

Dias, Pedro P19-14
Diaz, Diego P06-27
Dickinson, Anne OP03-07, OP03-06
Dicks, J. P19-04
Dietert, Rodney S25-01
Diez-Ortiz, MARÍA P17-17
Diez-Quijada Jiménez, Leticia P11-10
DiFiore, Stefano P23-16, S08-02, P08-15
Dighe, Vikas P08-10
Dimitrov, S. P05-07
Dinev, Desislav P06-10
Dini, Christophe OP03-05, P07-30
Dinis-Oliveira, Ricardo P-Late-07
Dinter, Heiko P07-19
Diouf, Amadou P12-22
Dirven, Hubert OP02-03, P13-02, CEC1-01
Distel, Emilie P08-14
Djanic, Maja P06-09
Djerrou, Zouhir P23-10
Djidjik, Reda P04-04
Do, Quan P16-27
Do, Quoc Tuan P12-01
Doan, Que P08-01
Docea, Anca P12-49
Doer, Leo P07-32
Doganis, Philip P05-25
Doi, Takefumi P06-03
Dokler, Joh P05-25
Doktorova, Tatyana P05-22
Domingo, Jose Luis P08-06, P08-05, P-Late-12
Don, Charleen P05-02
Donath, Claudia P10-25
Donner, E. Maria P11-14
Doone, D. P19-04
Dorne, Jean-Lou S14-04, P24-10, P24-08,

P18-02, S09-03, CEC3-01
Dörpinghaus, Jens P05-19
Doshi, Utkarsh P01-31
Dostalova, Simona P03-09
Douglas, Alex OP02-08, P06-28
Dragicevic, Elena P07-32
Drăgoi, Cristina P12-49
Dragomir, Silvia P25-40
Dranka, Brian P. P-Late-21
Dreij, Kristian P11-13
Drønen, Elena P13-02
Drzewiecka, Agnieszka P12-45
Duan, Lei P16-11
Duarte, Camila P23-22
Dubruel, Peter P06-17
Duca, Radu P17-22, P12-40, OP01-01
Dudgeon, Tim P05-25
Duffau, Boris P06-27
Duffy, Paul S12-04
Dufour, Patrice P20-02
Duivenvoorde, Loes P01-11
Dujardin, Bruno S14-04, S09-03
Đukić-Ćosić, Danijela P25-36, P22-08, P22-04
Duplan, Helene P24-07
Durinck, Sigrid OP02-09
Duschl, Claus P07-04



Author Contributions

Duy Thanh, Dinh P10-14
Dvorackova, Stepanka P17-11
Dyakova, Lora P25-09
Dyttus, O. P19-04
Dzirbikova, Zuzana P20-12
Eakins, Julie P16-42
Ebadollahinatanzi, Alireza P25-39, P04-02
Ebato, Mana P16-33
Ebbels, Timothy P18-02
Ebbrell, David P05-18, P05-14, P05-06
Ebmeyer, Johanna P10-11
Ebrahimnejad, Pedram P17-21
Ecker, Gerhard P05-04
Eckschlager, Tomas P03-09
Eddleston, Michael P06-13
Edwards, Amber P19-29
Edwards, Stephen S09-04
Edwin, Mariman P16-50
Eeva, Tapio P02-11
Efremenko, Alina P24-13
Egbung, Godwin P23-02
Egebjerg, Mikael P12-48, P10-06
Egecioglu, Nils Symp01-07
Eghbal, Mohammad Ali P16-01
Ehrenberg, Stefanie P07-39
Eilstein, Joan P24-07, P05-07
Ekman, Drew P18-02
El Dairi, Rami P20-03
El Ghazi, Ibrahim P12-46, P12-40
El Jaafari, Samir P12-46, P12-40
El-Gazzar, Ahmed P17-05
Elie, Christelle P16-06
Ellinger, Bernhard P23-16, P23-14, S08-02,

P08-15
Ellinger-Ziegelbauer, Heidrun S19-01
Ellis, Graham OP02-05
Ellison, Corie P24-07
Elzeinova, Fatima P17-11
Emmanuel, Guedj P22-01
Emter, Roger OP02-05
Engdahl, Elin S27-03
Engel, Markus P17-14
Engin, Ayse Basak P13-09
Engin, Evren Doruk P13-09
Enoch, Steven P05-18, P05-06
Eriksen, Folmer P10-06
Erkens, Tim P02-02
Erkkola, Maijaliisa P10-05
Ermler, Sibylle OP02-02
Ernesto, Julia P01-16
Ernst, Heinrich P12-43
Erratico, Claudio-Alberto P16-35
Ertl, Peter S18-04, S18-03, S07-03
Ertugrul, Havva P17-23
Escher, Sylvia P24-03, P16-25
Eschner, Lisa-Marie P13-03
Español, Alejandro P03-03
Espín, Silvia P25-27, P02-11
Espiña, Begoña P17-07
Espinar-López, Laura P10-08
Espín-Pérez, Almudena P12-03
Espiritu, Emilyn P12-26
Esser, Charlotte S03-05
Estevan Martinez, Carmen P12-47

Author Contributions

Esteves, Filipa P12-37, P12-36, P02-13,
P12-28
Estévez, Jorge P16-38
Evelo, Chris P19-25, P16-50, P05-25
Even Chorev, N. S27-04
Evenburg, Torge P01-07
Ewart, Lorna S01-02
Exner, Thomas P05-25, P05-22
Ezendam, Janine P07-41
Fabbiani, Marco P16-15
Fagundes dos Santos, Pasqualla P13-21
Falciani, Chiara P01-02
Fall, Mamadou P12-22
Fan Chung, Kian P02-06
Farbod, Famili P07-46
Farcal, Lucian P17-06, P05-25
Farcas, Claudia P06-26
Farina, Mariana P08-04
Faron, Justyna P12-45, P01-29
Faßbender, Christopher P19-09
Fatah, Cherifi P06-02
Fatima Zohra, Saadi P04-09
Fautz, Rolf P12-10
Fedtke, Norbert CEC5-02, CEC5-01
Fenclova, Zdenka P17-11
Feng, Qian‐Wen P10-28
Feng, Yuanmei P12-17
Fenichel, Patrick P25-15
Fernandes, Carla P-Late-06
Fernandes, Eduarda P25-33, P25-30
Fernandez Dumont, Antonio P10-07
Fernández-Franzón, Mónica P16-36
Ferreira, Raquel P25-18
Ferrer, Emilia P10-22
Ferret, Pierre-Jacques P12-33, P07-30, P07-16
Ferri, Emanuele P19-17
Fertig, Niels P07-32
Festag, Matthias S05-02
Fiala, Zdenek P17-03, P11-04, P11-03
Ficheux, Hervé P12-21, P01-22
Fields, W. P01-18
Fierens, Sébastien P12-52
Figueroa, Javier P06-27
Figueroa, Jonine P25-14
Figueroa-Vega, Nicté P20-10
Filis, Panagiotis OP02-08, P06-28
Fini, Jean-Baptiste S27-02
Fioravanzo, Elena P05-27
Firman, James P12-35, P05-18, P05-06
Fisher, Ciarán P24-04, P24-03
Fisher, Joan P12-35
Fisk, Lilia P12-42
Fisk, Peter P12-06
FitzGerald, S. P19-04
Flamourakis, Matthaios P03-13
Flick, Burkhard P20-05
Flores, Maria P01-02
Fluck, Juliane P05-19
Fokkens, Paul P17-28
Folkerts, Gert P13-07
Fonsi, Massimiliano P16-35
Font, Guillermina P10-22
Fontes, Marcos Roberto P13-12
Foong, Clement P19-06



Author Contributions

Forreryd, Andy P19-29, P07-36
Förster, Nils OP01-09, P07-23
Forster, Roy P19-18, P16-35, P16-32,

P02-10
Foster, Alison OP03-04
Foster, Robert P12-42
Fouassier, Alexandre P16-44, P07-46
Foulon, Olivier P19-18
Fowler, Paul OP02-08, P06-28
Fraga, Sónia P17-28, P17-25
Fragki, Styliani P24-05, CEC3-02
Fragkiadaki, Persefoni P23-20, P03-13
Fragkiadoulaki, Irene P23-21, P23-20, P23-17,

P03-13
Frahm, Stephanie P05-03
France-Štiglic, Alenka P09-04
François, Loïc P02-03
Frangos, John P12-18
Fraser, Jacob S01-03
Frece, Jadranka P10-27
Freire, Bruna Moreira P-Late-14
Freitas, Marisa P25-30, P25-33
Freitas, Paulo P25-30
Frentzel, Stefan P25-07, P22-09, P16-08,

P07-11, P01-31, P01-18
Frijns, Evelien P17-20, P01-28
Fritsche, Ellen P12-34, P12-32, OP01-

09, P07-23, P07-18
Froger-Colléaux, Christelle P25-08
Fubini, Bice P16-15
Fuchs, Anne P12-10
Fuchs, Dietmar P13-21
Fueta, Yukiko P20-13, OP01-07
Fuhlbrueck, Julia P16-47
Fujii, Ryuya P19-20
Fujitani, Yuji P23-01
Fukushima, Tamio P05-03
Furukawa, Satoshi P04-01
Fytianos, Kleanthis P07-35
Gáborik, Zsuzsanna P07-40
Gabriel, Catherina P08-14
Gabriëls, Isabelle P01-34
Gaca, Marianna P22-09, P22-06, P18-13
Gadaleta, Domenico OP02-06
Gądarowska, Dominika P12-45
Galateanu, Bianca P25-40, P11-23
Galonnier, Maude P12-19
Gama, Lucio S06-03
Gant, Timothy P17-27
Gao, Lan P10-03
Garat, Anne P12-22
Garcia, Solange P23-22
Garcia, Tània P08-06
Garcia-Closas, Montserrat P25-14
García-Fernández, Antonio P25-27
Garcon, Guillaume P12-22
Gardner, Iain P24-04, P24-03
Gargano, Emanuele P13-19
Gaspar, Carlos P25-37
Gaspar, Helena P-Late-20
Gaspari, Anthony P13-19
Gateva, Pavlina P05-21
Gatnik, Mojca P05-27
Gaudin, Francoise OP01-10

Author Contributions

Gautier, Jean-Charles S19-03
Gawarammana, Indika P19-19, P06-13
Gazin, Vincent P19-28
Gebel, Stephan P12-03
Geerts, Lieve P17-20
Geertsma, Robert S16-01
Gehre, Christian P07-04
Gehring, Ronette P08-15
Gehrke, Helge P19-29
Geiser, Thomas P07-35
Gellatly, Nichola P19-15
Gellatly, Nikki P19-13
Gendron-Parra, Nicolas P25-21
Gennings, C. S27-01
Gennings, Chris OP02-07
Gentile, Luca P16-48
Georgieva, Milena P25-09, P06-10
Georgieva, Polina P16-49
Geraerts, Martine P06-16
Gerberick, George P12-12, P01-19, P01-13
Gerlofs-Nijland, Miriam P13-07
Germain, P. S27-04
Germolec, Dori S03-03
Gerullis, Holger P25-14
Gervais, Frédéric P16-32
Gervais, Veronique P06-19
Geti, Imbisaat P07-31
Geukens, Guy P17-20
Ghafourian, Taravat P05-28
Ghanem, Carolina P-Late-03
Ghosh, Manosij P17-22
Giannakou, Christina S16-01
Gibbs, Sue OP03-01
Gibson, Alice P07-02
Giebułtowicz, Joanna P06-04
Gijzen, Linda OP03-09
Gil, Sophie P12-33
Gilbert, Brent P01-18
Gillio Tos, Enrico P12-24
Gilmour, Nicola P13-05
Gilpin, Sarah P12-11
Gilsenan, Mary S09-03
Ginghina, Octav P25-40, P11-23
Giorgetti, Sofia P01-30
Girard, Jean-Marie P06-19
Girvalaki, Charis P25-29
Giustarini, Giulio S21-04
Gkoutos, Georgios P05-25
Gliesche, Daniel P07-38
Glineur, Stephanie S19-04
Gloaguen, Céline P16-06
Glück, Josephin P10-11
Gmuender, Hans P18-03
Go, Ryeo-Eun P23-08
Godderis, Lode P25-38, P17-22, P17-10,

OP01-01
Godderris, Lode P12-40
Godoy, Patricio S06-01
Godschalk, Roger P16-14
Goebel, Carsten P13-19
Goedertier, Didier P16-08
Goeminne, Nick P02-02
Goetz, Amber P18-02
Gofita, Eliza P12-49



Author Contributions

Golka, Klaus P25-14
Golocorbin-Kon, Svetlana P06-09
Golokhvast, Kirill P25-31
Gomez Ruiz, Jose P10-07
Gómez, Maria Mercedes P08-06, P08-05
Gómez-Tamayo, José OP02-06, P05-04
Gonzaga, Natália P16-17
Gonzalez, Izaskun P01-08
González, Neus P-Late-12
González, Nieves P08-05
González-Andrés, Verónica P17-17
Gonzalez-Del Valle, Silvia P23-09
Gónzalez-Gómez, Manuel P25-30
Gonzalez-Suarez, Ignacio P22-09
Gooderham, Nigel K03
Goodman, Jonathan P05-13
Goodman, Julie OP02-04, P19-27
Gosh, Manosij OP01-01
Gosselet, Fabien OP03-10
Gosset, Pierre P13-08
Gostner, Johanna P13-21
Gott, David P19-23
Gotta, Stefano P18-03
Goumenou, Marina S26-04
Gourmelon, Anne CEC6-01
Govarts, Eva P09-02
Gracia, Raquel P01-02
Gradin, Robin P19-29
Gradinaru, Daniela P25-32
Grădinaru, Daniela P02-04
Graepel, Rabea P16-25
Grafström, Roland P19-25
Granitzny, Anne P12-10
Graumans, Martinus P12-31
Gray, Kelly P06-12
Grayson, Matthew P05-13
Graziano, Mike P05-03
Grech, Audrey S09-03, CEC3-01
Greg, Luerman P07-46
Gregoire, Sebastien P24-07
Greige, Helene P06-22
Greiter-Wilke, Andrea P25-21
Gresham, Stephanie P23-09, P06-05
Gribaldo, Laura P07-08
Griesang, Niels P05-20
Grimsditch, David P23-09
Groeber-Becker, Florian P12-09
Grosdidier, Emilie P02-12
Groß, Henrik P12-12
Grote-Wessels, Stephanie P19-03
Grouls, Menno P01-11
Groux, Herve P01-21
Groux, Hervé P13-04, P01-20
GROUX, Hervé OP01-10
Grova, Nathalie OP01-01
Grube, Markus P06-23
Grulke, Chris S09-04
Gruszka, Katarzyna P12-45, P01-29
Grynko, Alla P10-04
Gryshkova, Vitalina S19-03, OP01-06
Gualtieri, Maurizio P12-22
Guaring, Rogelio II P12-26
Gubernator, Jerzy P06-04
Guedegba, Nicresse P02-03

Author Contributions

Guedes de Pinho, Paula P16-24, P16-21, P-Late-
18, P-Late-06, P-Late-04,
P-Late-02

Guéguen, Yann P16-06
Guenat, Olivier OP03-08, P07-35
Guerard, Melanie P11-02
Gueraud, Francoise S11-02
Guesne, Sebastien P12-42
Guillon, Jean-Michel P25-21
Guillou, Claude P18-02
Guimarães, Laura P02-01
Gülcemal, Süleyman P17-18
Gunalan, Vithiagaran P01-19
Gunaydin, Aysenur P16-28
Gundert-Remy, Ursula P19-02
Gunes, Merve P17-24, P17-23
Gupta, Indarchand P16-46
Gutierrez-Praena, Daniel P10-08
Gutleb, Arno P07-41, CEC4-05
Gutsell, Steve P05-13
Guye, Patrick P01-27
Guzmán-Ibarra, Rocío del Carmen P12-44
Guzzie-Peck, Peggy P07-43
H. Bomann, Werner P16-32
Haake, Volker P18-07, P07-26
Haase, Andrea P17-25
Hack, Charles P24-13
Haerkens, Robin P11-27
Haines, Corinne P-Late-16
Haishima, Yuji P02-05
Halder, Marlies P19-09
Hamakova, Kvetoslava P11-03
Hamilton, Geraldine S01-03, P07-44, P07-43
Hamitoğlu, Muhammed P06-24
Hammer, Helen P02-14
Hamzeiy, Hossein P16-01
Han, Hyo-Jeong P07-17
Hansell, Anna P19-23
Hansen, Max P12-48
Hansen, Tanja P01-02
Hardy, Anthony S14-04
Hardy, Barry P05-25, P05-22
Harmaza, Yuliya P17-09
Harris, Georgina S06-03
Hartmann, Julia P07-18
Hartung, Thomas S26-02, S06-03
Hartwell, Hadley P11-21
Hasegawa, Yuko P17-19
Hashimoto, Yosuke P06-03
Hashita, Tadahiro P25-25, P07-29, P07-07
Hass, Ulla OP02-02
Haswell, L. P01-18
Haswell, Linsey P18-13
Hata, Tomoyuki P06-03
Hatakeyama, Hirofumi P19-01
Hatimoğlu, Muhammed P08-12
Hatley, Oliver P24-03
Haupt, Tina OP02-05
Hay, David OP02-08
Hay, David C. P06-28
Hayden, P. P01-18
Hayden, Patrick P07-42, P07-37, P07-25
Hayes, A. S22-01
Hayes, Ian P07-14



Author Contributions

He, Ruiwen P12-16
Heger, Zbynek P03-09
Heinz, Sabrina P12-10
Hellmund, Maria S19-01
Helou, Doumet OP01-10
Henderson, Colin P10-13
Hendriks, Giel P20-11, P11-16
Hengstler, Jan P25-14, S08-01, S06-01
Hennen, Jennifer P12-12, P12-09
Hennen, Jenny P07-41
Henrique, Rui P-Late-04
Henry, Scott P06-08
Heo, Jeong-Doo P10-18
Herbin, Capucine P19-08
Hercegovac, Jelena P12-18
Heringa, Minne CEC3-02
Herlin, Nathalie P13-21
Hermann, Friederike P12-04
Hermann, Susan OP02-02
Hernández-Valdivia, Emmanuel P12-13
Herrmann, Tobias S27-03
Herve, Pierre P25-07
Herwig, Ralf P18-03
Hessel, Ellen S25-02, P07-13, P01-36
Hessel-Pras, Stefanie P10-11
Hessler, Gerhard P05-20
Heusinkveld, Harm S08-03
Hewitt, Nicky P24-07
Heymans, Marjolein OP03-10
Hicks, Ryan P16-10
Higgins, Larry Gerard P-Late-16
Hill, E. P01-18
Hill, Erin P01-12
Himmel, Herbert Symp01-06
Hinojosa, Maria Gracia P10-08
Hirabayashi, Yoko OP01-08
Hirano, Masashi P08-07
Hirano, Seishiro P23-01
Hirata, Tadashi P18-05
Hirose, Akihiko P17-19, P17-16, P17-05,

P12-15, P05-17
Hiruma, Hitomi P02-05
Hirvonen, Tero P10-05
Hittinger, Marius P12-12, S07-01
Ho, Chi-Tang P03-01
Ho, Han Kiat P23-05
Ho, Yuan Soon P03-04
Hobi, Nina OP03-08, P07-35
Hoeben, Wilfred P12-31
Hoek, Gerard S13-01
Hoeng, Julia P25-07, P22-09, P22-02,

P22-01, P16-08, P07-11,
P05-19, P01-31, P01-18

Hoepflinger, Veronica P19-29
Hoet, Peter P25-38, P17-22, P17-18,

P17-10, P13-13, OP01-01
Hoffmaster, Christine P06-08
Hofrichter, Maxi P12-32
Hogberg, Helena S06-03
Hogstrand, Christer S14-04
Hojo, Motoki P17-19
Hokkanen, Mirja P10-05
Holland, Daniela P11-09
Hollanders, Karen P17-20

Author Contributions

Hollnagel, Heli CEC1-03
Hong, Mi Hye P01-15
Hong, Young P09-01
Hood, Steven S05-03
Hoogenboom, Ron P12-39
Hoosen, Haafizah P12-41
Hori, Hajime P20-13
Horikawa, Shin-ichi P19-01
Horiuchi, Shinichiro P19-20
Hornberg, Jorrit P16-10, Symp01-08
Hornos Carneiro, Maria Fernanda P20-09
Hosaka, Takuomi P-Late-17
Hotchkiss, J. P11-06
Housand, Conrad P24-13
Houser, William P05-03
How, Chun-Ming P10-01
Howick, Chris P11-06
Huang, Bu-Miin P20-01
Huang, Kevin P07-02
Huang, Qihong P19-07
Huang, Song P07-22, P07-20
Huaux, François S21-02, P13-06, OP01-

02, S03-01
Hubatka, Frantisek P17-03
Hübenthal, Ulrike P12-34, OP01-09, P07-23
Hubesch, Bruno OP03-03
Huc, Laurence S11-02
Hudita, Ariana P25-40, P11-23
Huener, Hans-Albrecht P18-07
Huestis, Marilyn OP02-08, P06-28
Hullo, Marie P13-01
Humfrey, Charles P07-09
Hunault, Claudine P04-05
Hundt, Alexander OP03-05, P07-30
Hüner, Hans-Albrecht P20-05
Hungerbühler, Konrad CEC1-06
Hunter, Wesley P19-09
Hur, Jang Hyun P12-51
Hur, Kyung Jin P12-51
Husøy, Trine CEC1-01
Hussein, Ghada OP02-07
Hutter, S. OP03-09
Hutton-Carlson, Katrina P13-03
Huuskonen, Hannele S25-04
Huuskonen, Pasi P20-03
Huwer, Hanno OP03-08
Hwang, Jin Hee P10-17
Hwang, Kwang-Hyun P10-18
Hylland, Ketil P13-02
Hynes, James P07-14
Iatrou, Evangelia P25-31
Iavello, Alessandra P12-24
Ibouraadaten, Saloua P16-12
Ickstadt, Katja P25-14
Iida, Manami P06-03
Iigo, Masaaki P17-05
Iliaki, Evagelia P02-15
Imai, Kunitoshi P13-22
Imbert, S. P05-07
Imorou Toko, Ibrahim P02-03
Inadera, Hidekuni P10-28
Indra, Radek P03-09
Ingber, Donald S01-03
Inoue, Kaoru P12-15



Author Contributions

Insunza, José P06-14
Ion, Rodica Mariana P25-40
Ionescu-Tîrgoviște, Constantin P02-04
Ipiñazar, Maitane OP02-01, P01-08
Irannejad, Hamid P17-21
Iredale, John OP02-08, P06-28
Irizar, Amaia OP03-03
Isaacs, Kristin S09-04
Isama, Kazuo P25-11
Ishida, Seiichi P19-20
Ishidao, Toru P20-13
Ishii, Yuji P25-23, P11-15
Ishikawa, Shinkichi P01-18, P01-01
Ishimori, Kanae P01-01
Iskandar, Anita P01-31
Itagaki, Hiroshi P01-26
Ito, Kousei P23-12
Ito, Shigeaki P18-05, P01-18, P01-01
Ivanov, Nikolai P01-31
Ivanova, H. P05-07
Ivanović, Saša P25-36
Ivešić, Martina P10-27
Iwamoto, Saki OP01-07
Iwao, Takahiro P25-25, P07-29, P07-07
Iwashita, Katsumasa P25-03
Iwata, Hisato P08-07, P07-06
Izotov, Boris P12-49, P09-03
Jabocs, Marc P05-25
Jackson, George P07-25
Jackson, Jonathan P07-48
Jacobs, An P17-20, P01-28
Jacobs, Frank P01-24
Jacobs, Sandy P-Late-15
Jacques, Pascal P16-04
Jacques-Jamin, Carine P24-07
Jaeschke, Hartmut S21-01
Jafari, Samira P16-01
Jakobsson, Kristina P19-16
Jakopović, Zeljko P10-27
Jakšić, Daniela P16-41
Janer, Gemma P17-17
Jang, Eun Hye P23-18, P16-40, P16-37
Jang, Kyung-Jin P07-43
Janicka, Anna P25-35
Janković, Saša P22-04
Jannuzzi, Ayse P16-28
Jarzina, Sebastian P23-16, P23-14, S08-02,

P08-15
Jaworska, Joanna P01-05
Jayamanna, S. P19-19
Jedziniak, Piotr P10-24, P08-11
Jegou, Simon P05-08
Jenkinson, Stephen Symp01-02
Jennen, Danyel P18-06, P05-25, P05-16,

P05-10
Jennings, Paul P05-25, CEC4-02
Jensen, Elke P12-14
Jensen, Jes P01-23
Jensen, Knut P10-25
Jenvert, Rose-Marie P-Late-19
Jeong, Eun Ju P-Late-11
Jeong, Gi Seok P07-17
Jeong, Ji-Seong P-Late-11
Jeong, Mi Ho P23-18, P16-40, P16-39

Author Contributions

Jerónimo, Carmen P-Late-04
Jeurissen, Suzanne P12-39
Jevdokimovs, Daniels P17-09
Jiang, Hui P07-03
Jiang, Jian OP03-02
Jiménez-García, Berenice P12-44
Jiménez-Garza, Octavio P20-10, P18-12
Jimenez-Navarro, Elena P23-09
Jin, Yu-Jie P10-28
Jo, In Sook P01-15
Jo, Youmi P12-27
Joas, Anke P08-03
Joehrens, Korinna P03-07
Johannssen, Timo P01-07
Johansson, Angelica P19-29
Johansson, Henrik P19-29, P07-36, P07-21,

P07-09, P-Late-19
Johnson, Alison P25-14
Johnson, Charlie P23-19
Jonckheere, Anne-Charlotte P13-13
Jonebring, Anna P16-10
Jones, David S05-04
Jonis, Simon P07-12
Jonker, Michiel P12-23
Joore, Jos OP03-09, P06-20
Joos, Thomas P23-19, P02-14
Jorgovanović, Dragica P22-08
Jos, Angeles P11-10, P10-08
Joseph, Christy P06-23
Juan, Cristina P10-23
Juan-García, Ana P16-36, P10-23
Judson, Richard S08-04, P10-10
Juhasz, Krisztina P07-32
Jung, Da-Jung P07-17
Jung, Yeoung Ju P16-39
Jung, Young Ju P23-18, P16-37
Kabiri, Yaschar P12-32
Kahlbaugh, George P05-03
Kahru, Anne P13-23
Kalfin, Reni P25-09
Kalinowski, Jörn P02-14
Kalkan, Rabia P08-12
Kalliantasi, Katerina P23-20, P03-13
Kalogeraki, Alexandra P23-20
Kaluzhny, Yulia P07-42
Kamenova, K. P05-21
Kammerer, Sarah P07-04
Kamp, Hennicke P18-07, P18-02, S08-01,

P07-26
Kanbur, Savas P11-22
Kanda, Yasunari P20-13, P19-20, OP01-07
Kandarova, Helena P07-45
Kane, Steven P12-42
Kang, ByeongCheol P19-24, P11-18
Kang, Sin-Woo P13-15
Kanno, Jun P18-09, P17-05, OP01-

08, P05-17
Kapretsos, Nikolaos P08-14
Karabay Yavaşoğlu, N. Ulkü P17-18
Karagas, Margaret P25-14
Karakisa, Damla P13-09
Karakitsios, Spyros P08-14
Karakoç, Metin P12-29
Karakolev, I. P05-07



Author Contributions

Karalis, Katia S01-03, P07-44, P07-43
Karkala, Faidra P23-21, P23-20
Karl, Tanja P16-14
Karrer, Cecile CEC1-06, CEC1-01
Karri, Venkatanaidu P16-50
Karzi, Vasiliki P23-17, P09-03, P02-15
Kass, Georges S14-04, S09-03
Kasteel, Emma S09-03, CEC3-01
Kato, Reiko P02-05
Katsanou, Efrosini OP02-09
Katsikantami, Ioanna P09-03, P02-15
Katsuyama, Nanami P25-11
Kavanagh, Stefan P24-14
Kawai, Ryota P07-01
Kawamoto, Taisuke P12-11, P12-10
Kawamura, Satoshi P25-03
Kawamura, Tomoko P12-15
Kaya, Bulent P17-23
Kaya, Bülent P17-24
Kaya, Nuray P17-24, P17-23
Kayouka, Maya P06-22
Keane, Kevin P01-23
Kedar, Hilla P25-08
Kedzierska, Ewa P17-04
Kegels, Ann P02-02
Kegyes, Csilla P07-40
Keizers, Peter P12-39
Kelleci, Feyza P06-24
Keller, Catherine P12-20
Kelly, Frank P02-06
Kelm, Jens OP03-02
Kenna, Gerry P12-35
Kennedy, Kevin P12-02
Kennedy, Marc S14-02, CEC1-05
Kerdine-Römer, Saadia S21-03, OP01-10, P07-16
Kereselidze, Dimitri P16-06
Kern, Petra P01-19, P01-05
Kerns, S. Jordan P07-44
Kestemont, Marie-Paule P12-46
Kestemont, Patrick P02-03
Ketelslegers, Hans P16-45, S02-04
Kettenhofen, Ralf P16-44
Keyser, B. P01-18
Khalili Fard, Javad P16-01
Kida, Yuriko P07-07
Kidd, Darren P07-24
Kidley, Nathan S23-02
Kiemeney, Lambertus P25-14
Kiener, Hans S18-04, S18-03, S07-03
Kiessling, Andrea S04-03
Kifer, Domagoj P16-41
Kijima, Aki P25-23, P11-15
Kilic, Ulkan P08-12
Kilin, Vasyl P07-22
Kille, Peter S14-04
Kim, Byeong Joon P10-17
Kim, Cho-Won P23-08
Kim, Dae P09-01
Kim, DaeSun P11-18
Kim, Eun-Young P08-07
Kim, Hak P01-15
Kim, Hyung Sik P02-09
Kim, Jehein P10-18
Kim, Ji Su P23-07, P02-09

Author Contributions

Kim, Ji Young P01-15
Kim, Jiyoon P12-51
Kim, Joo Hwan P01-15
Kim, Kyeong Seok P02-09
Kim, Min-Sun P13-15
Kim, SangMoo P11-18
Kim, Soon Han P10-17
Kim, Su-Ryang P19-20
Kim, Tae Sung P01-15, P-Late-13
Kim, Tae-Won P06-08
Kim, Woong-Soo P10-18
Kim, YoonSun P11-18
Kimber, Ian S17-02, P19-13, S02-02,

P01-13
Kimura, Eiki P16-07
Kimura, Yoshie P13-16
Kinoshita, Katsutoshi P05-01
Kinuthia, Miriam P07-42
Kirkby, Nicholas P07-01
Kirkley, Kelly OP01-03
Kirsch, Taryn P12-12
Kitajima, Satoshi P18-09, OP01-08, P05-17
Kitchener, Pierre P23-04
Kitsunai, Yoko P-Late-17
Kiviranta, Hannu OP02-07, P12-03
Kiyambu, Hugo P13-06, OP01-02
Klaric, Martina OP03-03, P24-07, CEC3-04
Klausner, Mitchell P07-42, P07-37, P07-25
Kleiman de Pisarev, Diana P03-03
Kleinjans, Jos OP03-02, P18-10, P18-06,

P18-03, P12-03, P11-27,
P05-16, P05-10, P02-06

Kleinoeder, Thomas P05-27
Kleinstreuer, Nicole P10-10
Klema, Jiri P17-12
Klinova, Svetlana P24-01
Klose, Jördis P12-34, OP01-09
Knapen, Dries P01-34
Knebel, Constanze OP01-05
Knebel, Jan P01-02
Knudsen, Thomas S23-04, S17-03, P05-24
Ko, Kyung Yuk P01-15
Kobayashi, Akio P06-11
Kobayashi, Norihiro P17-19, P12-15
Kodella, Konstantia P07-43
Kogevinas, Manuel P25-14
Koh, Eun-Mi P-Late-11
Kohl, Yvonne S07-02
Köhrer, Karl OP01-09
Koivisto, Pertti P10-19
Kojo, A. CEC5-01
Kojo, Anneli CEC5-02
Kok, Theo OP03-02
Kolesnyk, Serhii P22-10
Kolianchuk, Yana P25-26, P20-06
Kolmonen, Marjo P10-19
Kolontaeva, Natalia P10-04
Komarc, Martin P17-11
Komoriya, Kaoru P02-05
Kondej, Dorota P17-01
Kondo, Kazuma P06-11
Kondoh, Masuo P06-03
Kondylis, Athanasios P16-08, P01-31
Konstantinidou, Parthena OP02-09



Author Contributions

Koo, Edward P19-07
Kopjar, Nevenka P16-41
Korbmacher, Birgit P06-08
Korkalo, Liisa P10-05
Kornuta, Natalia P25-26
Korte, Sven P19-03
Kortenkamp, Andreas OP02-02, S14-04
Kostadinova, Radina P01-27
Kostejn, Martin P17-11
Kostik, Olena P11-19
Kotter, Mark P07-31
Koutros, Stella P25-14
Kovács, Beáta P07-38
Kovari, Agnes CEC5-02, CEC5-01
Kovatsi, Lida P23-21
Krakowian, Daniel P12-45, P01-29
Kramer, Nynke P24-10, P12-23, S09-03,

S08-02, P08-15, CEC3-01
Kramer, Stefan P05-25
Krauskopf, Julian P02-06
Kravchuk, Oleksandr P11-20, P11-19
Kravchuk, Olexandr P10-04
Krebs, Alice P01-24
Kremlacek, Jan P11-04, P11-03
Krishan, Mansi P10-10
Kroese, E. Dinant P25-16
Kronenberg, Sven S04-01
Kropidło, Aneta P01-29
Kruszewski, Francis P12-38
Krutz, Nora P01-19, P01-13
Kryvenchuk, Volodymyr P25-28
Kubo, Anna-Liisa P13-23
Kubo, Yoshikazu P17-19
Kucsera, Stefan P05-02
Kuharić, Zeljka P10-27
Kühn, Markus P13-03
Kühne, Britta P12-34
Kuijper, Isoude P05-05
Kuijpers, Tim P05-10
Kukec, Andreja P09-04
Kulich, Pavel P17-03
Kulkarni, Gauri P07-43
Kulthong, Kornphimol P01-11
Kumar, Manoj P01-24
Kumar, Vikas P24-11, P16-50, P08-13,

P08-06, P08-05
Kunisue, Tatsuya P07-06
Kuniyasu, Hiroki P06-03
Kunzendorf, Peter P12-43
Küpper, Jan-Heiner P07-04
Kurihara, Nozomi P07-06
kuroda, Yukie P19-20
Kurokawa, Masahiko P17-16
Kuseva, C. P05-07
Kuzumoto, Masanori P05-03
Kwak, Hyo Sun P10-17
Kwon, Euna P19-24
Kyrtopoulos, Soterios P12-03
Labille, Jérôme S18-01
Lage, Bruna P02-13, P12-28
Lai Thanh, Nguyen P10-14
Lai, Yongquan P11-21
Lake, Brian S22-03
LaLone, Carlie S09-04

Author Contributions

Laloux, Laurie P-Late-10
Lam, Chi-Ching OP02-06
Lam, Wing P07-43
Lambrechts, Diether P17-22
Lambrechts, Nathalie P09-02
Lamers, Robert-Jan P13-18
Lampe, Bradley P12-25
Lampen, Alfonso OP02-09, OP01-05, P10-

13, P10-11, P02-14
Landesmann, Brigitte D, S17-01
Landkocz, Yann P13-08
Landry, Timothy P07-37
Landsiedel, Robert P20-05, P12-12
Landy, David P06-22
Lange, Daniela P24-07
Langenberg, Jan P05-05
Lanz, H. OP03-09
Lanz, Henriette P24-06, P07-33
Lanzoni, Anna P10-07
Lapointe, Allison P07-42
Laporte, Frank P10-02
Laraba-Djebari, Fatima P13-10, P06-06, P06-02
Larne, Olivia P19-29, P07-09, P-Late-19
Larsson, Martin P10-02
Lasagna, Marianela P03-02
Laskowski, Ryszard S14-04
Laufersweiler, Michael P12-14
Laukens, Kris OP01-04
Lauretti, Gabriela P04-10
Lauria, Ines P07-18
Lautz, Leonie S09-03, CEC3-01
Lavoué, Vincent P20-04
Lavric, Vlad P11-23
Le Corre, Ludovic P08-02
Leal, Mirna P23-22
LeBaron, Matthew P11-06
Lebbos, Nada P12-20
Leblanc, Jean Charles S14-04
Lecante, Laetitia P20-04
Ledecq, Marina P17-13
Ledoux, Frédéric P13-08
Lee, Han-Byul P07-17
Lee, Ji-Young P07-17
Lee, Jong Kwon P01-15
Lee, Ju-Hong P10-18
Lee, Mi-Young P25-04
Lee, Monica P01-31
Lee, Moo-Yeol P16-27
Lee, Nanhee P12-27
Lee, Sang Hyuck P13-11
Lee, Sang-Joon P10-18, P07-17
Lee, Seungwoo P16-34
Lee, Yu Si P10-17
Lee, Yu-Hsuan P17-02
Leemans, Michelle S27-02
Leenders, Paul P12-31
Lehr, Claus-Michael OP03-08, P12-12, S07-01
Leibold, Edgar P11-21
Leinala, Eeva S26-03
Leinardi, Riccardo P16-15
Leishman, Derek P25-21
Leist, Marcel S10-01, S08-01, P01-24
Leite-Silva, Vânia P01-16
Lemay, Julie OP02-04



Author Contributions

LeMevel, Sebastien S27-02
Lemos, Agostinho P-Late-09
Lemper, Marie P06-16
Lencioni, Alena P16-47
Leng, Jiapeng P11-21
Lennon, Mark P23-09, P06-05
Lenselink, Bart OP02-06
Leon, Grigoris P25-29, P23-17
Leonard, Jeremy S09-04
Leonard, Martin P17-27
Leonards, Pim P18-02
Leppäranta, Outi S25-04
Lernout, T. P12-52
Leroy, Patrice P22-01
Leseeman, Daan P17-28
Lester, Cathy P24-07
Letasiova, Silvia P07-45, P07-42
Levard, Clement S18-01
Leverrier-Penna, Sabrina P20-04
Lewandowski, Thomas OP02-04
Leynen, Nathalie P16-48
Li, Christian P19-18
Li, Liqin P24-02, P12-05, P07-03
Li, Roman P05-19
Li, Tiantian P19-07
Liang, Geyu P12-08
Liao, Vivian P10-01
Libalova, Helena P17-12
Lichtenstein, Dajana P02-14
Liem, Djien S09-03
Lienhard, Matthias P18-03
Liesivuori, Jyrki S26-01
Liljevald, Maria P01-06
Lim, Heng-Keang P07-43
Lima, Ana P-Late-04
Limviphuvadh, Vachiranee P01-19
Lin, Ping-I OP02-07
Lindberg, Tim P07-36
Lindh, Christian P19-16
Lindstedt, Malin P07-36
Liskova, Alzbeta P07-45
Lison, Dominique P17-26, P17-10, P16-15,

P16-12, P16-04, P13-06,
OP01-02

Liu, Chih-Wei P11-21
Liu, Dingyu P13-07
Liu, Jie P05-27
Liu, Juanhua P19-07
Liu, Ran P12-17, P03-10
Liu, Tong P12-08
Livaniou, Anastasia S09-03
Loa, Alex P01-17
Lobo Bedmar, Maria Carmen P12-07
Lobo-Bedmar, Maria Carmen P25-05, P12-41
Locatelli, Monica P19-21
Loghin, Felicia P06-26, P06-14
Loguidice, Jean-Marc P12-22
Loinaz, Iraida P01-02
Loizou, George P18-02, CEC3-06
Lolli, federica P11-12
Lontouo, Christian OP03-10
Loots, Ilse P09-02
Lopes, Patricia P01-16
Lopes, Paulo P-Late-18

Author Contributions

Lopes, Sandra P19-28
Lopez Tobon, A. S27-04
Lopez, Béatrice P01-22
Lopez-Garduño, Uriel P11-24
Lopez-Torres, Bernardo P23-03, P16-03
Loretz, Brigitta S07-01
Louisse, Jochem P25-16
Loureiro, Ana P03-06
Louvet, Geraldine P12-21
Lovsin Barle, Ester P12-04
Lowney, Yvette P01-14
Lu, Kun P11-21
Lucendo-Villarin, Balta P06-28
Lucendo-Villarin, Baltasar OP02-08
Luch, Andreas P13-03
Luckert, Claudia OP02-09, P10-11
Ludwig, Florian P06-08
Luettich, Karsta P07-11
Luft, Jörg P19-03
Lupu, Diana P06-14
Luzio, J. P06-05
Luzy, Anne-Pascale OP03-05
Lykkeberg, Anne OP02-02
Lynch, Heather P19-27
Lynch, Iseult P05-25
Lyon, Jon P23-09
Lyshavskyi, Vitalii P10-04
Maas, Lou P16-14
Mach, Mojmir P20-12
Machado, Carla P11-05
Machado-Ferreira, Filipe P25-05
Machala, Miroslav S22-04
Machera, Kyriaki OP02-09
MacKay, Cameron P13-05
Maclennan, Richard P16-42
MacLeod, A. Kenneth P-Late-16
Madan, Sumit P05-19
Madar-Balakirski, Noa P25-08
Madden, Judith P05-18, P05-14, P05-06,

CEC3-05, CEC3-01
Madureira, Joana P02-13
Maekawa, Fumihiko P16-07
Maeno, Ai P17-19
Magdziarz, Tomasz P05-27
Magneron, Victor P16-06
Ma-Hock, Lan P12-12
Mahony, Catherine P12-35, P12-02
Maier, Andrew P10-10
Maione, Anna P07-25, P01-18
Majeed, Shoaib P25-07
Makeev, Oleg P24-01
Malacara-Hernández, Juan P20-10
Malats, Nuria P25-14
Malkiewicz, Katarzyna S25-03
Malkova, Andrea P17-03, P11-04, P11-03
Mally, Angela P23-16, P23-14, S08-02,

P08-15
Mamoulakis, Charalampos P23-21, P23-20, P23-17
Man, Zhaodi P16-16
Mandenius, Carl-Fredrik S06-04
Mandiki, Syaghalirwa P02-03
Mañes, Jordi P10-23
Manganelli, Serena OP02-06
Mangas, Iris P16-38



Author Contributions

Manini, Paola S14-04, S09-03
Manoharan, Saravanan P12-51
Manou, Irene OP03-03
Mantecca, Paride P22-07, P19-17
Mantia, Martino P25-01
Mantovani, Alberto P23-10
Manzo, Ricardo P06-27
Marbaix, Etienne P16-12
Marei, Isra P07-01
Marescotti, Diego P22-09, P07-11
Margină, Denisa P02-04
Marien, Dirk P02-02
Marijn, Vlaming P07-46
Mariman, Rob P13-07
Marineci, Cristina P25-32
Marinescu, Gabriela P25-09, P06-10
Marko, Doris P22-03, P10-21
Markov, Ksenija P10-27
Markus, Jan P07-37
Marques, Goncalo S09-03
Marquès, Montse P-Late-12
Marradi, Marco P01-02
Martel, Cécile P16-44
Martens, Marvin P19-25
Martin, Florian P22-09, P22-01, P05-19,

P01-31
Martin, Hélène P17-15
Martin, Perrine P13-08
Martin, Solenne P01-22
Martinčič, Maja P09-04
Martinez de Oliveira, Jose P25-18
Martinez de Oliveira, José P25-37
Martinez, Maria Angeles P08-13
Martínez, María-Aránzazu P23-03, P16-03
Martínez, Marta P23-03, P16-03
Martínez-Briseño, Moises P11-25
Martínez-Larrañaga, María-Rosa P23-03, P16-03
Martínez-López, Emma P25-27
Martínez-Lopez, Wilner P11-08
Martino-Roaro, Laura P11-25, P11-24
Martins, Eva P-Late-09
Martins, José Carlos P17-07
Martins, Maria P-Late-07
Martins, Mathilde P06-15
Martra, Gianmario P16-15
Marusczyk, Joerg P05-27
Marx-Stoelting, Philip OP01-05, P02-14
Mas, Christophe P07-22
Masek, Josef P17-03
Masereeuw, R. OP03-09
Masion, Armand S18-01
Masjosthusmann, Stefan OP01-09, P07-23
Maske, Priyanka P08-10
Mast, Jan P17-13, P17-10
Masubuchi, Yasuhiro P16-33
Masuyama, Taku P06-11
Mateo, Rafael P25-27
Mateus, Sara P11-07
Mathis, Carole P16-08
Matović, Vesna P22-08, P22-04
Matsuda, Ayaka P07-06
Matsuishi, Takashi P07-06
Matsumoto, Mariko P12-15, P05-17
Matsumura, Kazushi P18-05

Author Contributions

Matsunaga, Tamihide P25-25, P07-29, P07-07
Matter, Hans P05-20
Maurer-Stroh, Sebastian P01-19, P01-13
Maxwell, Gavin P13-05
Mayer, Nathalie P05-11
Mazaud-Guittot, Séverine P20-04
Mazej, Darja P09-04
Mazurov, Vladimir P01-17
Mazzatorta, Paolo P10-15
McComb, Joel P18-11
McConnell, R. P19-04
McDuffie, James P23-19, Symp01-04
McEwen, Andrew P19-12
McGarrigle, Ryan P07-14
McKinney, Willie P01-31
McMullen, Patrick P24-13
McPherson, Sue P25-24, P19-11, IND 2-1
McWilliams-Koeppen, Penney P07-02
Mecklenburg, Lars P06-08
Medeiros, Marisa P16-19, P16-18, P03-06
Megdad-Lamraoui, Amal P13-10
Mehling, Annette OP03-03
Mehmood, Zahid P12-06
Mehta, Jyotigna CEC1-03
Mekenyan, Ovanes P05-07
Melas, Ioannis P06-16
Meldrum, Kirsty P17-27
Menegola, Elena P16-22
Mennen, Gina P07-15
Menoret, Claire P19-28
Menouni, Aziza P12-46, P12-40
Menth, Romuald P07-02
Mentz, Almut P02-14
Mera, Kunihiro P05-03
Mertens, Birgit P10-16, P05-12, P05-09,

P01-33
Mertsch, Katharina P05-20
Merz, Karl-Heinz P10-03
Messner, Simon P01-27
Metruccio, Francesca P16-22
Meuwly, Roger P05-02
Miao, Yan P12-17
Micek, Vedran P16-41
Michel, Sylvie P12-01
Michiels, Ellen P01-34
Mihai, Dragos P25-32
Mikkelä, Antti P10-05
Mikov, Momir P06-09
Milani, Emanula OP02-09
Milasova, Tatiana P07-45
Miloshev, George P25-09
Miloshev, Georgi P06-10
Milovanović, Vesna P22-04
Mine, Toshiki P18-05
Minet, Emmanuel P18-13
Minigalieva, Ilzira P24-01
Miranda, Joana P25-12, P03-12
Miret, Noelia P08-04, P03-03, P03-02
Mishra, Krishna P11-26
Mitchell, Jane P07-01
Mitchell, Roderick P06-28
Miyajima-Tabata, Atsuko P02-05
Miyamoto, Sayuri P16-18
Miyauchi, Aki P17-16



Author Contributions

Mizuta, Yasuko P13-16
Moaca, Elena P06-26
Modi, Sandeep S23-02
Moelijker, Nynke P11-16
Mohamed, Fahim P19-19, P06-13
Mohammadi, Hamidreza P17-21
Mohammed, Ifthekhar S25-03
Mohar, Isaac P19-27
Moisan, Annie S01-04, P07-44
Moisse, Matthieu P17-22
Molnar-Pfitzner, Petra P22-05
Molska, Justyna P25-35
Monczor, Federico P03-02
Monteiro, Salomé P-Late-03
Moon, Eun Yi P13-11
Moon, Yeon-Gyu P10-18
Moormann, Oliver P25-14
Mörbt, Nora P22-05
Moreira, Patrícia P16-20
Morelli, Moran P07-11
Moretto, Angelo P16-22
Mori, Chisato P25-15
Mori, Michela P01-30
Morrens, Bert P09-02
Morton, Michael S24-03
Mosbah, Rachid P23-10
Moschini, Elisa P07-41
Moseley, Caroline P07-48
Mosig, Axel OP01-09, P07-23
Mosoarca, Elena-Maria P25-09
Mostrag, Aleksandra P05-27
Mostrag-Szlichtyng, Aleksandra P05-18
Motohashi, Yurie P18-05
Mrzyk, Inga P12-45, P01-29
Mueller, Anna P08-09
Mueller, Boris OP03-03
Mueller, Lutz P11-02
Mughal, Bilal S27-02
Mulcahy, Michael P05-27
Müller, Fabrice P06-21
Muller, Gesine P12-47
Muller, Marc P10-14, P08-01
Müller, Margit P22-05
Munday, James P13-20
Mune, Wilfrieda P08-03
Munic Kos, Vesna P17-14
Munoz-Muriedas, Jordi Symp01-01
Mura, Frederic P19-01
Murakami, Shiho P17-19
Murase, Yunagi P19-01
Murat, Pauline P12-19
Murgia, Xabi S07-01
Murphy, Lynea P11-14
Murugadoss, Sivakumar P17-10
Musi, Barbara P19-07
Mustafa, Nazik P10-26
Myohanen, Kirsi P12-47
Nabhan, Myriam P13-01
Naboulsi, Wael P23-19
Naciff, Jorge P12-02
Nadal, Marti P08-13, P-Late-12
Naeem, Muhammad P12-47
Nagane, Rajendra P11-26
Nagy, Nikolett P01-07

Author Contributions

Nahmias, Yaakov CEC4-06
Naiki, Aya P17-05
Nakae, Dai P17-19
Nakagun, Shotaro P07-06
Nakanishi, Anna P25-25
Nakata, Akifumi P07-06
Nakata, Haruhiko P08-07
Nałęcz-Jawecki, Grzegorz P06-04
Nalin, Adeline P19-08
Nalvarte, Ivan P06-14
Nam, Sang P09-01
Nambu, Felipe P01-16
Namork, Ellen P13-02
Nandi, Manasi -1
Napora-Rutkowska, Marta P01-29
Naranayan, Padma P06-08
Natale, Alessandra S06-02, P06-17
Natsch, Andreas OP02-05
Navas, Isabel P25-27
Nawrot, Tim S13-05
Ndong, Awa P12-22
Nedopytanska, Nadiia P25-26, P20-06, P11-19
Negrei, Carolina P25-40, P11-23
Nejishima, Hiroaki P13-22
Nelen, Vera P09-02
Nelissen, Inge S07-04
Nemery, Benoit P13-13, S13-03
Nepelska, Malgorzata P12-35
Nereda, Zsuzsanna P07-40
Neres, Joao P06-16
Neves, Patricia P19-06
Ng, Chee P06-20
Ng, Patrick S01-03
Nguyen, Duc Ha OP01-05
Nguyen, Jalissa P10-10
Nguyen, Justin S01-03
Nguyen, Leslie P23-19
Nguyen, Minh P01-19
Nguyen, Nhung P12-01
Nguyen, Toquyen P12-33
Nichols, Jill P25-21
Nicol, Beate P25-04, P12-35
Nicolas, Arnaud P24-06, P07-33
Nicolas, Chantel P24-13
Nicolas, Jean-Marie S15-02
Nie, Jisheng P16-11
Niederer, Christian P12-04
Niehof, Monika P01-02
Nielsen, Elsa P12-48
Nielsen, Vibe P10-02
Nimtz, Laura P12-34, P12-32, P07-18
Niu, Qiao P16-11, P16-05
Nivya, James P05-21
Nna, Victor P23-02
Noel, Benoît OP01-10
Noerenberg, Astrid P01-07
Noeske, Tobias P24-14
Noffisat, Oki P05-22
Nogueira da Costa, Andre S19-03, OP01-06
Nomura, Yoko OP01-07
Nomyamai, Kei P08-07
Noort, Daan P05-05
Norinder, Ulf OP02-06, P07-36, P05-04
North, Colin P16-45



Author Contributions

Nosyrev, Alexander P25-29, P12-49
Notredame, Cedric P05-25
Nougadere, Alexandre S09-03
Nowak, Jette P01-23
Nudischer, Ramona P18-03
Nugteren, Johanna P04-05
Numano, Takamasa P17-05
Núñez, Mariel P08-04
Nygaard, Unni P13-02
Nyirady, Peter P25-14
Nymark, Penny P19-25
O’Shaughnessy, Peter OP02-08
Öberg, Mattias P19-16
Obi-Abang, Magdalene P23-02
Obrigewitch, Jen P07-44
Ochiai, Mari P07-06
O'Donnell, Lynn S28-01
Ogawa, Haruko P13-22
Ogawa, Isamu P07-07
Ogawa, Kumiko P25-23, P13-16, P11-15
Oh, Jin A P12-27
Okada, Yoshiaki P06-03
Oke, Oluwatobiloba P22-06
O'Keeffe, Lara P12-11
Okumura, Hiroki P25-25
Oldenkamp, Rik S09-03, CEC3-01
Olesen, Pelle P12-48, P10-06
Olexova, Lucia P20-12
Oliveira, Ana P25-37, P25-18
Oliveira, Ana Sofia P-Late-18
Oliveira, Eliandre P16-50
Oliveira, Helena P17-06
Oliveira, Joseana P03-06
Oliveira, Miguel P02-01
Oliveira, Nuno P03-12
Oliveira, Tiago P03-06
Olivier, Elodie P12-01
Olivier, Thomas P24-06, P07-33
Oller, Adriana P01-14
Ondracek, Jakub P17-11
Öner, Deniz P17-22
Ono, Ryuichi P18-09, OP01-08
Onozato, Daichi P25-25, P07-07
Opperhuizen, Antoon P16-14
Oreins, Noëlle P02-03
Orsi, Micaela P13-06, OP01-02
Orsini, Nicolas OP03-05
Ortiz-Martínez, Raul P12-13
Orusa, riccardo P25-01
Orzelska-Gorka, Jolanta P17-04
O'Shaughnessy, Peter J. P06-28
Oshida, Shinichi P06-11
Otani, Mitsuhiro P25-03
Otieno, Monicah S01-03, P07-43
Otto, Thomas P25-14
Otto-Bruc, Annie P12-02
Ouaini, Rosette P12-20
Oueslati, Souheib P10-23
Ovesen, Jerald P10-10
Oviedo, Alberto P19-06
Ovsiannikov, Daniel P25-14
Özdatlı, Sükran P08-12
Page, Bastien P01-22
Page, Todd P05-03

Author Contributions

Paini, Alicia S09-03, S09-02, P01-09,
CEC3-01

Pak, Claudius P25-07, P16-08
Paleczny, Mateusz P12-45, P01-29
Pallardy, Marc S16-02, P13-01, OP01-

10, P07-16
Palli, Domenico P12-03
Pallocca, Giorgia EU-ToxRisk-1
Palluel, Olivier P02-03
Palmai-Pallag, Mihaly P16-12, P13-06, OP01-02
Palmeira de Oliveira, Ana P25-37
Palmeira de Oliveira, Rita P25-37, P25-18
Palmeira, Andreia P-Late-09
Palmeira-de-Oliveira, Ana P25-18
Palmer, Jessica OP01-06
Palmer, Matthew P07-48
Paltsev, Mikhail P23-15
Pamies, David S06-03
Pan, Lei P25-24
Pan, Min-Hsiung P03-01
Panov, Vladimir P24-01
Pantcheva, Ivayla P25-09
Panteleyev, Andrey P23-15
Paoletti, Claudia P10-07
Papachristos, Konstantinos S23-02
Papachristou, Styliani P25-31
Papadaki, Paschalina P12-47, CEC5-02, CEC5-01
Papaioannou, Nafsika P08-14
Paparella, Martin P13-21
Pappa, Gerlinde P12-11
Paquet, Mikaël P23-04
Pardo, Carlos S06-03
Park, Benjamin P16-42
Park, Do-Yong P-Late-11
Park, Hyoungshin S01-03
Park, Ji Soo P16-40, P16-39
Park, Jongjin P05-27
Park, Ki Sook P01-15
Park, Kwang-Hoon P16-27
Park, Margriet S16-01
Park, Sae-Ra P01-10
Park, Sujin P12-27
Park, Yeon-Ki P12-27
Parmentier, Céline P16-35
Parovel, Ester P25-01
Parra, João P16-13
Parry, Joel P06-05
Pasanen, Markku P20-03, P03-08
Paschal, Jessica P12-38
Pasonen, Petra P10-05
Passos, Marisa P17-07
Pastero, Linda P16-15
Pastor, Manuel OP02-06, P05-04
Pastoris, Ornella P01-30
Pathiraja, Vindya P19-19
Patron, Luminita P25-09, P06-10
Paulhac, Ludovic P23-04
Paulino, Ana Teresa P11-07
Paulitschke, Manrico P03-07
Paulsen, Torbjørn P10-25
Paulussen, Jeannette P07-12
Pavan, Cristina P16-15
Pavan, Manuela S09-03
Pavkovic, Mira S19-01



Author Contributions

Pavlek, Zeljka P10-27
Pavlovic, Nebojsa P06-09
Payrastre, Laurence P16-30
Peace, Nia OP02-03
Pedersen, Gitte P12-48
Pedersen, Mikael OP02-02
Pedron, Tatiana P-Late-14
Pedreira Filho, Walter Reis P-Late-14
Peijnenburg, Ad OP02-09
Peitsch, Manuel P22-09, P22-02, P22-01,

P19-06, P05-19, P01-31
Peković, Sanja P25-36
Pelclova, Daniela P17-11
Pelgrom, Sylvia P07-12
Pellevoisin, Christian P13-04
Peltola, Pasi P10-19
Peña Fernández, Antonio P25-05, P12-41, P12-07
Pendlington, Ruth P13-05
Pendse, Salil P24-13
Pennings, Jeroen P07-15
Peraica, Maja P16-41
Perea, Mélissa P25-17
Pereira, Carolina P-Late-03
Pereira, Claudia P25-18
Perharič, Lucija P09-04
Periz-Stanaćev, Jelena P01-34
Perrier, Anthony P06-15
Persson, Mikael P16-10
Pertuiset, Claire P16-44
Petit, Muriel P23-04
Petoumenou, Maria P12-01
Petropolis, Debora P07-43
Petrova, Zdravka P06-10
Petzuch, Barbara S19-01, OP01-09
Pfuhler, Stefan P11-09
Phang, Kelly P12-30
Philimonenko, Vlada P17-12
Phillips, Blaine P22-01
Phillips, Gary P07-10
Piechota, Sam P12-35
Piepers, Jolanda P18-10
Pierre, Fabrice S11-02
Pierre-Jacques, Ferret P12-19
Piersma, Aldert S23-03, P24-05, P07-15,

P07-13, P05-24, P01-36,
CEC3-02

Pierson, Jennifer P25-21
Pieters, Raymond S21-04
Pijnenburg, Dirk S08-03
Pilegaard, Kirsten P10-20, P10-06
Pinelli, Elena P13-07
Pinheiro, Ivone P17-07
Pinheiro-Junior, Ernesto P13-12
Pinto, Joana P-Late-04, P-Late-18
Pinto, Madalena P-Late-06, P-Late-09
Pirard, Catherine P20-02
Pires, Cátia P11-07
Piroird, C. P05-07
Piunno, Ylenia P19-17
Pizzurro, Daniella OP02-04
Planatscher, Hannes P23-19
Planes, Francisco OP02-01
Pletz, Julia P05-06
Ploem, Jan-Pieter P16-48, P01-32

Author Contributions

Podbielska, Marta P06-04
Poddighe, Simone P13-08
Poels, Katrien P25-38
Poetz, Oliver P23-19
Pognan, Francois Symp01-09
Pohanka, Miroslav P25-10
Pointon, Amy P06-12
Poirier, Agnes P11-02
Polet, Madeleine P-Late-10
Pollard, S. S27-04
Pollaris, Lore P13-13
Pontillo, Carolina P08-04, P03-03, P03-02
Poore, Kirsten P25-15
Popichak, Katriana OP01-03
Popova, I. P05-07
Porceddu, Mathieu P16-44
Porcher, Jean-Marc P02-03
Posthuma, Leo S14-04
Postic, Béatrice P06-15
Postoyalko, Andrew P07-24
Posyniak, Andrzej P10-24, P08-11
Poth, Albrecht P08-09
Potter, Claire P19-23
Pötz, Oliver P02-14
Prachkovski, Ilija P01-25
Prado, Fernanda P16-18
Prasad Sharma, Raju P08-13
Prasad, Krishna S24-04
Prechtl, Stefan Symp01-06
Price, Paul S14-04
Prieto, Ana P11-10, P10-08
Princivalle, Marc P-Late-16
Prior, Helen P19-15, P19-13
Privalova, Larisa P24-01
Proctor, Chris P22-09
Prodanchuk, Mykola P25-28, P25-26, P22-10,

P20-06, P11-20, P11-19,
P10-04

Proquin, Heloise P10-12
Prueitt, Robyn P19-27
Przybylak, Katarzyna P12-35
Psycharakis, Christos P23-20
Pu, Yuepu P16-16, P16-16, P12-17,

P12-08
Puerto, María P11-10
Pugsley, Michael P25-21
Purbrick, Stuart P01-06
Püschel, Gerhard P07-04
Putzu, Claudio P19-02
Quevedo, Celia OP02-01, P01-08
Quezada-Tristán, Teodulo P12-13
Quignot, Nadia P24-08, S09-03, CEC3-01
Racz, Peter P20-11, P11-16
Radko, Lidia P10-24, P08-11
Radu, Ionut P11-23
Raemisch, Anja P08-09
Raffalli, Chloé P07-16
Ragas, Ad S14-04, S14-03, S09-03,

CEC3-01
Raggi, Giulia OP03-08, P07-35
Rahmani, Roger OP02-09
Rai, Mahendra P16-46
Raitano, Giuseppa P12-01, P05-09
Rajkovic, Andreja OP02-09



Author Contributions

Rakitskii, Valerii P16-29
Ram, Rebecca P19-05
Ramakers, Christian P07-33
Ramanathan, K. P05-21
Ramos, Leonor P25-37
Randi, Andrea P08-04, P03-03, P03-02
Rangel-Muñoz, Erika P12-13
Rantakokko, Panu OP02-07, P12-03
Rapet, Aude P07-35
Raschke, Marian S19-01, Symp01-06
Rashkivska, Inna P25-26, P20-06, P04-08
Rašić, Dubravka P16-41
Rat, Patrice P12-01
Rathman, James P05-27, P05-18
Ravi, Peri Symp01-02
Ravn-Haren, Gitte P10-06
Razo Estrada, Amparo P12-44
Reamon-Buettner, Stella P17-26
Reddyhoff, Dennis P24-04
Redfern, William S20-01, P01-06
Regola, Eliana P01-30
Reichmann, Gabriele S28-04
Reid, Ruth P12-41
Reilly, Linda S09-03
Reinhardt, Oliver P07-32
Reis, Ana Teresa P02-13
Reiser, Pia P23-16
Reis-Mendes, Ana P-Late-05
Remião, Fernando P25-22, P23-06, P-Late-

09, P-Late-06, P-Late-05,
P-Late-03

Remy, Sylvie P09-02
Renieri, Elisavet P25-31, P23-17
Rettinger, Klaus P12-11
Reyes-López, Felipe P02-01
Reylandt, Laurence P16-12
Reynolds, Joe P13-05
Riabukha, Olena P22-10
Ribeiro, Ana OP03-06
Ribeiro, Diego P11-05
Ribeiro-Palha, Nuno P06-19
Richards-Doran, Ryan S23-02
Richardson, Jane S09-03
Richarz, Andrea P19-30, S09-02
Richert, Lysiane P16-35, P16-32
Riefke, Bjoern S19-02, S19-01
Rielland, Aurelie P12-33
Rijk, Jeroen P07-12
Rijkers, Deborah P01-11
Ringblom, Joakim P19-16
Risch, Angela P16-14
Ritter, Detlef P01-02
Riva, Federica P01-30
Rivas, José P25-30
Rizos, Apostolos P09-03, P02-15
Rizzi, Marco P25-01
Roberts, Ruth K04, S12-01
Robertson, Sarah P17-27
Robetto, serena P25-01
Robinson, Tobin S09-03, CEC3-01
Roccio, Marianna P07-08
Rocha, Bruno P25-20
Rocha, Rene P06-27
Rocha-Pereira, Carolina P25-22

Author Contributions

Roche, Savannah P01-04
Rodda, Marco P12-24
Rodrigues, Robim S06-02, OP01-04, P06-17
Rodríguez, José-Luis P23-03, P16-03
Rodríguez, M. P19-04
Rodriguez-Carrasco, Yelko P10-22
Rogers, Rick P12-43
Rogez, Nathalie P06-19
Roggen, Erwin OP03-03, P19-29
Rogiers, Vera S06-02, P10-16, P06-17,

P05-12, P05-09, P01-33
Rojas, Jennifer Symp01-07, P01-23
Roldan, Nuria P07-35
Rolf, Mike P01-06
Rolland, Antoine P20-04
Rolo, Joana P25-37
Romero, Natalia P-Late-21
Romero Pérez, Norma-Angélica P12-44
Romero, Luis P07-02
Roncaglioni, Alessandra OP02-06
Rönnpagel, Vincent P06-23
Ronxhi, Janey P07-43
Roper, Clive P07-25
Ropstad, Erik P08-01
Rorije, Emiel P24-05
Rose, Jane P12-14
Rose, Jérôme S18-01
Rosenbrier Ribeiro, Lyn P24-14, Symp01-02
Rossi, Laura S25-04
Rössner Jr., Pavel P17-12, P17-11, P07-47
Rossnerova, Andrea P17-11
Roth, Adrian S01-01, P07-44
Roth, Emanuel P25-14
Roth, Nadine P20-05
Rothe, Helga P24-07, P12-11
Rothman, Nathaniel P25-14
Roura-Martínez, David P23-03, P16-03
Rouschop, Sven P16-14
Rovida, Costanza P19-21
Rovira, Joaquim P08-13
Roy, Sumedha P16-31
Rubins, Jonathan P07-43
Rudd, Kathryn P07-10
Rudyak, Stanislav P23-15
Rüegg, Joëlle S27-03, P06-14
Ruehl-Fehlert, Christine Symp01-06
Ruggeri, Laura P12-47
Ruiz, Maria-Jose P16-36
Ruiz, Sandra P02-11
Ruiz-García, Liliana P20-10, P18-12
Runge, Dieter P07-19, P06-23
Runge, Frank P19-03
Ruokojärvi, Päivi OP02-07
Rupp, Jana P01-27
Russel, Frans P12-31
Russell, Paul P05-13
Rustemeyer, Thomas OP03-01
Rutault, Laurent P06-15
Rütten, Stephan P07-18
Rutz, Lukas P10-03
Ryan, Cindy P01-13, P01-05
Rysä, Jaana P20-03
Ryu, Doug-Young Ryu P16-34
Ryu, Jae-Chun P-Late-13



Author Contributions

Rzodeczko, Helena P01-29
S. Friedrich, Grégory P25-21
Sablé, Evelyne P25-08
Sachana, Magdallini S17-04, CEC6-02
Sacher, Oliver P05-27
Sadykova, Elvira P19-10
Sagemark, Johanna P16-10
Sahigara, Faizan P25-17, P05-11
Saint-Jean, Camille P19-18
Sakaguchi, Hitoshi P01-26
Sakamoto, Yoshimitsu P17-19
Sakha, Prasanna S25-04
Sakhi, Amrit CEC1-01
Sala Benito, Jose S09-02
Salamon, Fabiola P20-10
Sales, María Elena P03-03
Salhi, Sabrina P24-07
Saliba, Eliane P06-22
Salinas, Edward P19-09
Salmatonidis, Apostolos P17-28
Salmon, Michael P07-44
Salverda, Joanne P10-29
Sampaio, Suely P13-12
Sanchez, Angelica P16-19
Sánchez-Carrillo, Juan Carlos P11-25, P11-24
Sanchez-Huesca, Ramiro P11-25, P11-24
Sánchez-Virosta, Pablo P02-11
Sandberg, Peter P19-29
Sandoz, Antonin P07-11
Sandro, Steiner P01-31
Sands, Zara P06-16
Santonen, Tiina P24-12
Santos, J. P25-12
Santos, Jeimison P16-17
Santos, Lourdes P11-08
Santos, Matheus P03-06
Santos, Susana P-Late-20
Saoud, Samah P06-06, P06-02
Sarasamma, Sreeja P25-41
Sardo, Inês P11-07
Sarigiannis, Dimosthenis P08-14
Sarimveis, Haralambos P05-25
Sarlang, Séverine P02-12
Sasaki, Takamitsu P-Late-17
Satapathy, Shreemayee P12-50
Sato, Shin-ichi P19-01
Sato, Tomoyuki P23-12
Sato, Yoji OP01-08
Sattari, Mohammadreza P16-01
Sayed, Ahmed OP02-03
Scalfo, Alexsandra P16-18
Scarcello, Eleonora P16-04
Schaal, Wesley P16-49
Schaudien, Dirk P17-06
Scheepers, Paul P25-16, P12-31
Schellenberger, Mario P12-09
Schennach, Harald P13-21
Schepky, Andreas P24-07, P12-35
Scherer, Julian P23-16
Schiffers, Bruno P02-03
Schimming, Johannes P07-34
Schins, Roel S08-03
Schlapbach, Ralph P18-03
Schmelter, Frank P23-14

Author Contributions

Schmidt, Bela P01-24
Schmidt, Felix P02-14
Schmidt, Friedemann P05-20
Schmitt, Barbara P12-14
Schmitt, Georg S15-03
Schmuck, Martin P12-34, OP01-09, P07-23
Schneider, Yves Jacques P-Late-10
Schneider-Daum, Nicole OP03-08, S07-01
Schoeters, Greet P24-12, P09-02
Scholz, Gabriele P10-15
Scholze, Martin OP02-02
Schramm, Carolin P06-16
Schreib, Gudrun P10-25
Schreiber Bru, Elga P08-06
Schreiber, Elga P08-05
Schreiver, Ines P13-03
Schrenk, Dieter S22-02, P10-03
Schroeder, Jenny P07-05
Schrooders, Yannick P18-03
Schuhmacher, Marta P24-11, P16-50, P08-13
Schuijt, Lara P12-23
Schuller, Patrick S18-04, S18-03, S07-03
Schultrich, Katharina P10-13
Schuur, Gerlienke P12-39
Schwab, Christof P05-27
Schwalfenberg, Melanie P07-14
Schwarz, Jaroslav P17-11
Schwenn, Molly P25-14
Schwind, Elisabeth P16-47
Scippo, Marie-Louise P08-01, P02-03
Sciuscio, Davide P19-06
Scott, Brian P23-19
Scott, Kristin P19-16
Scsukova, Sona P20-08
Sebaihi, Noham P17-10
Sedlacek, Ivo P25-10
Segal, Lawrence P11-06
Segawa, Masahiro P23-12
Seghaye, Marie-Christine P20-02
Šegvić Klarić, Maja P16-41
Sekine, Shuichi P23-12
Sekino, Yuko OP01-07
Selevsek, Nathalie P18-03
Seligmann, Bruce P18-11
Selinski, Silvia P25-14
Selva, Verónica P16-38
Seo, Jung P09-01
Seo, Yoon-Seok P16-27
Serchi, Tommaso P07-41
Șeremet, Oana P02-04
Sergeiev, Sergii P10-04
Serpeloni, Juliana P11-08
Serup, Jorgen P13-03
Seryodkin, Ivan P25-31
Sessler, Katharina P20-05
Sevin, Emmanuel OP03-10
Sewell, Fiona P19-15, P19-13
Sezaki, Takuhito P05-01
Shang, Muhe P03-10
Shanthi, V. P05-21
Sharma, Anoop P12-48
Sharma, Pradeep P24-14
Sharma, Raju P24-11, P08-06
Shaw, Sophie OP02-08, P06-28



Author Contributions

Shepard, Peter P18-11
Shestakova, Svetlana P19-10, P03-11, P02-07
Shevchenko, Valery P06-20
Shi, Liang P11-15
Shi, Tong P24-02, P12-05, P07-03
Shiga, Satomi P25-15
Shih, Chih Chin P07-01
Shimizu, Motomu P17-19
Shin, Da Young P16-40, P16-37
Shin, Nara P20-09
Shinin, Vasiliy P23-15
Shiozaki, Akira P07-06
Shishkina, Ekaterina P24-01
Shizu, Ryota P-Late-17
Shoaib, Majeed P01-31
Shoda, Toshiyuki P06-11
Siegrist, Michael K01
Siemeister, Gerhard Symp01-06
Sifakis, Stavros P09-03, P02-15
Sigrist, Serena OP03-08
Sikorova, Jitka P17-12
Silva Negro, Fernando P19-18
Silva, Ana P25-18
Silva, Ana Inês P02-13
Silva, Bárbara P-Late-06
Silva, Carla P16-17
Silva, Diana P04-06
Silva, Giovanna P03-06
Silva, João P16-13, P-Late-01
Silva, Renata P-Late-03, P-Late-09
Silva, Sara P04-06
Silva, Susana P12-37, P12-36, P12-28
Silvano, Jérémy P02-10
Silverman, Debra P25-14
Simic, Damir S01-03, P07-43
Simmons, Steven S10-02
Simms, Liam P07-21, P07-10
Simon, Simion P17-26
Simon, Valerie P12-19
Simonsen, Merete P12-38
Simpson, Hazel P07-25
Sims, Jennifer S16-03
Singer, Monica P07-43
Singh, Pramila P16-35, P16-32, P02-10
Sinharay, Rudy P02-06
Sinitskaya, Tatiana P16-29
Sironval, Violaine P16-12
Sirotkin, Alexander P20-08
Siwicki, Andrzej P11-01
Sjögren, Anna-Karin P16-10
Sjögren, Ingrid P01-23
Skinner, Matt P25-21
Skydsgaard, Mikala P01-23
Šlejkovec, Zdenka P09-04
Slob, Wout CEC2-02, CEC2-01
Slobozhanina, Ekaterina P17-09
Slopianka, Markus S19-01
Smeets, Karen P16-48, P01-32
Smejkalova, Jindra P11-03
Smieško, Martin P05-02
Smirnova, Lena S06-03
Smit, Evelyn P18-10, P11-27
Smit, Joost S21-04
Smith, Alan OP01-06

Author Contributions

Smith, Rachel P17-27
Soares, Jorge P25-22, P-Late-20
Soares, Tânia P25-30, P25-33
Søeborg, Henrik P01-23
Soffientini, Ugo OP02-08, P06-28
Sofranko, Adriana S08-03
Sogorb, Miguel Angel P16-38
Solecki, Roland S14-04, CEC1-02
Son, Woo-Chan P07-17
Sonee, Manisha P23-19
Sornat, Robert P12-45, P01-29
Sorrell, Ian P24-07
Sosnowski, Tomasz R. P17-01
Soto, Daniel P06-27
Soum, Sabrina P01-22
Sousa, Cátia P19-14
Sousa, Daniela P16-24
Sousa, Emília P-Late-05, P-Late-03,

P-Late-09
Sousselier, Laurent P12-01
Souza, Juliana P25-20
Souza, Marilia P25-20
Souza, Terezinha P18-06
Spasov, Rossen P06-10
Speers, A. P19-04
Sperber, Saskia P18-07, P18-02, P07-26
Spézia, François P16-32
Spiekstra, Sander OP03-01
Spinillo, Arsenio P07-08
Spirhanslova, Petra S27-02
Spitzer, Michael P18-07
Spjuth, Ola P16-49, P05-25
Spyropoulos, Dimitrios S09-03
Spyropoulou, Anastasia OP02-09
Squadrone, stefania P25-01
Staal, Yvonne P05-24, P01-36
Stahlmecke, Burkhard S08-03
Stamou, Marianna OP02-09, P06-21
Stan, Miriana P25-40, P25-32
Stanimirov, Bojan P06-09
Stankov, Karmen P06-09
Stefanik, Peter P20-12
Steiert, Sabrina P01-27
Steiling, Winfried P12-11
Steiner, Sandro P25-07
Steinhilber, Andreas P02-14
Stenius, Ulla P11-13
Šter, Mateja P09-04
Stevens, An-Sofie P16-48
Stevens, Zachary P07-37
Stevenson, Matthew P07-21, P07-10
Stiborova, Marie P03-09
Stilgenbauer, E. CEC5-01
Stilgenbauer, Eric CEC5-02
Stiller, Sebastian P10-25
Stinckens, Evelyn P01-34
Stintzing, Florian P22-05
Stivaktakis, Polichronis P23-20
Stivaktakis, Polychronis P25-29
Stoddart, Gilly P19-09
Stölzle-Feix, Sonja P07-32
Stoop, Allart P07-31
Stoopen, Geert OP02-09
Storey, Eleanor P07-25



Author Contributions

Stosik, Magdalene P07-05
Strandh, Magnus P01-02
Strassfeld, Tobias P01-27
Stratidakis, Antonis P23-17, P02-15
Strijker, Wouter P24-06
Stroheker, Thomas P10-15
Strupp, Christian P16-32
Struzynska, Lidia P17-04
Stucki, Andreas OP03-08, P07-35
Stucki, Janick OP03-08
Sturla, Shana OP02-09, P06-21
Stypuła-Trębas, Sylwia P10-24, P08-11
Sugai, Shoichiro P06-11
Sui, Jing P12-08
Sun, Fengxia P16-16
Sun, Lu P10-28
Sun, Rongli P16-16
Sunyer, Jordi S13-04
Surya, Reggie S11-02
Suter-Dick, L. OP03-09
Suzuki, Hiroaki P18-05
Suzuki, Toshinari P17-19
Svadlakova, Tereza P17-03, P11-04, P11-03
Svendsen, Claus S14-04
Svingen, Terje OP02-02
Swain, Pamela M. P-Late-21
Sweet, Len P07-09
Swenberg, James P11-21
Swinnen, Dominique P06-16
Swortwood, Madeleine OP02-08, P06-28
Szostak, Justyna P22-01, P05-19
Tack, Karine P16-06
Tada, Minoru P06-03
Tada, Yukie P17-19
Tak, Tae-Kil P10-18
Takahashi, Satoru P17-05
Takahashi, Tadakazu P06-11
Takahashi, Yutaka P01-26
Takala, Jukka S26-05
Takase, Hirotsugu P17-05
Takasu, Shinji P25-23, P11-15
Takeda, Agnes Alessandra P13-12
Takeda, Yohei P13-22
Takeshita, Jun-ichi P-Late-17
Talarek, Sylwia P17-04
Talia, Chiara OP02-08
Talikka, Marja P05-19
Tamashevski, Alexander P17-09
Tamehiro, Norimasa P13-16
Tan, Cecilia CEC3-03, S09-04
Tan, Yeong Lan P23-05
Tanabe, Shinsuke P08-07
Tanaka, Masaru P02-05
Tang, Deliang P16-11
Tano, Keiko OP01-08
Tapp, Rachel P01-06
Taquahashi, Yuhji P17-05
Taquahashi, Yuji P17-19
Tarkhov, Aleksey P05-27
Taşköylü, Burcu P12-29
Taverne, Femke S08-02, P08-15
Taxvig, Camilla OP02-02
Taylor, Chloe P23-09, P06-05
Taylor, Mark P22-09, P22-06

Author Contributions

Tchekalarova, J. P05-21
te Welscher, Yvonne P01-02
Tebby, Cleo S09-03, CEC3-01
Teixeira, Alexandre P25-04
Teixeira, João P17-28, P17-25, P12-37,

P12-36
Teixeira, João Paulo P02-13, P12-28
Teixeira-Gomes, Armanda P12-28
Teles, Mariana P02-01
Temme, Thomas OP01-09, P07-23
Temussi, Fabio CEC5-02, CEC5-01
ten Dam, Guillaume P01-11
Teng, Fang S01-03
Tenie, Giorgiana Adina P01-25
ter Braak, Bas P07-34
Terpilowska, Sylwia P11-01
Terron, Andrea S03-02
Terry, Anya P22-06
Terry, Claire P11-14
Tessa, De Korte P07-46
Testa, Giuseppe S27-04
Testai, Emanuela S14-04, P24-10, S09-03,

CEC3-01
Tetley, Terry P17-27
Teuns, Greet S20-04
Theiss, Stephan P12-32
Thelu, Amélie P01-22
Thienpont, Hugo P06-17
Thomas, Aude P16-04
Thomas, Jérémy P12-22
Thomas, Paul P25-17, P05-15, P05-11
Thorne, David P22-09, P22-06, P18-13
Thorup, Inger P01-23
Tilley, Rachel P07-10
Tilmant, Karen P06-16
Timmermann, Bernd P18-03
Timonin, Andrey P19-10
Tirado, Noemi P11-13
Tirapelli, Carlos P16-17
Titz, Bjorn P22-01
Tjalkens, Ronald S12-03, OP01-03, P01-04
Tkachuk, Oleksandr P11-19
Tkachuk, Tetiana P11-19
Tkaczyk, Agnieszka P10-24
Tobor-Kaplon, Marysia P01-35
Todaka, Emiko P25-15
Tohyama, Chiharu P16-07
Tomatis, Maura P16-15, P16-12, P16-04
Tong, Weida S12-02
Tonietto, Bruna P23-22
Topinka, Jan P17-12, P07-47
Toprakhisar, Burak P01-24
Torrente, Margarita P08-06, P08-05
Torres Andón, Fernando P19-25
Torstensdotter Mattson, Ulrika P07-09, P-Late-19
Tort, Lluís P02-01
Toth, Balazs P12-43
Toyoda, Takeshi P13-16
Tozer, Sarah P12-35
Tramel, Eric P05-08
Tran, Tao P16-48
Trattaro, S. S27-04
Trebukh, Marina P19-10, P13-14
Trietsch, Sebastiaan OP03-09, P24-06, P07-33



Author Contributions

Trivedi, Keyur P07-11
Triviño, Ivan P06-27
Troger, Florentina P05-04
Troutman, John P12-35
Trudel, David P12-04
Truong, Thoa P07-42
Tsaioun, Katya OP02-03
Tsatsakis, Aristidis S26-01, P25-31, P25-29,

P23-21, P23-20, P23-17,
P12-49, P09-03, P03-13,
P02-15

Tschierske, Nicole P07-21
Tsiaoussis, Ioannis P23-20
Tsiminikaki, Konstantina P03-13
Tsitsimpikou, Christina P23-17
Tsoukalas, Dimitrios P03-13
Tsuda, Hiroyuki P17-05
Tsygankov, Vasiliy P25-31
Tudose, Ramona P25-09
Tulah, Asif OP03-07
Tuominen, Pirkko P10-05
Turanek Knotigova, Pavlina P17-03
Turanek, Jaroslav P17-03
Turci, Francesco P16-15, P16-04
Turco, Laura S09-03, CEC3-01
Turek, Claudia P22-05
Turner, Elizabeth P07-02
Tuttis, Katiuska P11-08
Tyshko, Nadezhda P20-07, P13-14, P02-07
Tzatzarakis, Manolis P25-31, P25-29, P23-17,

P09-03, P03-13, P02-15
Ucakar, Bernard P16-12
Ueno, Susumu P20-13, OP01-07
Uhlig, Katja P07-04
Ujhazy, Eduard P20-12
Ullrich, Anett P07-19, P06-23
Umemura, Takashi P25-23, P11-15
Ungurianu, Anca P02-04
Untrau, Meiggie P16-35
Uršič, Simona P09-04
Usakin, Lev P23-15
Usenko, Tetiana P25-26, P20-06, P04-08
Utsumi, Toru P25-03
Uusitalo, Liisa P10-05
Uzun, Mirac P11-22
Voß, Thilo P19-03
Vaiman, Daniel P08-02
Vaki, Georgia P23-21, P03-13
Vakonaki, Elena P25-31, P23-21, P09-03,

P03-13, P02-15
Valade, Anne P06-16
Valamina, Irene P24-01
Valdiglesias, Vanessa P12-28
Valdivia, Arturo P12-13
Valente, Maria P16-21
Valentin, Jean-Pierre S24-02, S19-03, P25-21,

Symp01-02, OP01-06,
P06-16

Valerii, Rakitskii P25-31
Vallotton, Nathalie CEC1-03
Valverde, Irene P25-27
van Acker, Frédérique P10-29
van Berlo, Damien P10-29
Van Bossuyt, Melissa P10-16, P05-12, P05-09

Author Contributions

van Breda, Simone P10-09
Van Cruchten, Steven S15-01, P01-34
van de Water, Bob P16-25, P16-23, S10-03,

S08-01, P07-34, P05-05,
CEC5-04

van den Beucken, Twan P18-10, P11-27
Van den Bossche, François P10-14
van den Brink, Paul P12-23
Van Den Broucke, Sofie P13-13
van den Brule, Sybille P17-26, P17-10, P16-12
Van den Eynde, Benoit S03-04
Van den Sande, Liesbeth P02-02
Van der Laan, Jan Willem S16-03, P03-08
van der Meer, Andries S01-03
van der Stel, Wanda P16-23
van der Zande, Meike P01-11
van Dijk, Jerry P12-23
Van Erps, Jürgen P06-17
Van Ginneken, Chris P01-34
van Heerden, Marjolein P02-02
van Herwijnen, Marcel OP03-02
Van Hoeck, Els P10-16, P05-09
van Klaveren, Jacob CEC1-04
Van Laer, Jo P01-28
van Loveren, Henk S16-01, P10-12
Van Mulders, Mieke P01-33
van Nostrum, C.F. P01-02
Van Otterdijk, Francois P16-45
van Ravenzwaay, Bennard P20-05, P18-07, P18-02,

P07-26
van Riel, Antoinette P04-05
Van Rompay, An P17-20, P07-28
van Rossum, Paula P11-16
Van Roten, Andromeda P16-48
van Schooten, Frederik P16-14
van Veldhoven, Karin P02-06
van Velthoven, Martijn A.H. P25-16
Van Vlierberghe, Sandra P06-17
van Vliet, Erwin OP03-03
van Vugt, Barbara P24-03
van Wezel, Annemarie P12-23
Vanage, Geeta P08-10
Vanbever, Rita P16-12
Vance, P. P19-04
Vande Velde, Greetje P13-13
Vandebriel, Rob S16-01
Vandenbossche, Evita P13-05
Vandermolen, Karen P12-02
Vanhaecke, Tamara S06-02, OP01-04, P10-

16, P06-17, P05-12
Vanmol, Koen P06-17
Vanoirbeeck, Jeroen P25-38
Vanoirbeek, Jeroen P17-22, P13-13, OP01-01
Vanscheeuwijck, Patrick P22-01, P19-06
VanSteenhouse, Harper P18-11
Varanda, Eliana P11-08
Varca, Gustavo P01-16
Vardavas, Alexandros P25-29, P23-17
Vardavas, Constantinos P25-29
Vargas, Hugo P25-21
Varshney, Mukesh P06-14
Vasetska, Olena P22-10
Vasetska, Olesia P11-20
Vashi, Karishma P11-26



Author Contributions

Vasquez, Abel P06-27
Vavvas, Theresa P11-17
Vaz, Catia P25-37, P25-18
Vaz, Isa P23-06, P16-21
Verbeke, Ophélie P07-20
Verbeken, Erik P13-13
Verbueken, Evy P01-34
Verdin, Anthony P13-08, P12-22
Verdonck, Jelle P25-38
Verfaillie, Catherine P01-24
Vergara, Edgar P11-25, P11-24
Vergara-Castañeda, Arely P11-25, P11-24
Vergauwen, Lucia S14-01, P01-34
Verhaegen, Steven P08-01
Verhagen, Hans S09-03
Verheijen, Marcha P18-03
Verleysen, Eveline P17-13
Verlohner, Andreas P20-05, P18-07
Verloo, Didier S09-03
Vermeulen, Roel P02-06
Vermeulen, Sita P25-14
Verougstraete, Violaine OP02-10, P01-14
Verrastro, Ivan P18-13
Verstraelen, Sandra P17-20, P07-28, P01-28
Vessillier, Sandrine S28-02
Viana, Mar P17-28
Viant, Mark P18-02
Vichi, Susanna S09-03, CEC3-01
Vicini, Riccardo P01-30
Vieira, Ana P17-07
Vija, Heiki P13-23
Vilanova-Gisbert, Eugenio P16-38
Vilegas, Wagner P11-08
Villeneuve, Daniel D, S09-04
Vinall, Joanne P07-25
Vinggaard, Anne Marie OP02-02
Vinken, Petra P02-02
Visade, Fabien P13-08
Vist, Gunn OP02-03
Vitagliano, Jean Jacques P13-08
Vitcheva, Vassela P05-18
Viter, Roman P17-09
Vlasceanu, Ana P25-32
Vlckova, Stepanka P17-11
Vleminckx, C. P12-52
Vock, Esther P05-03
Vögele, Peter P22-05
Volkert, Frank P25-14
vom Berg, Colette P05-19
von Goetz, Natalie CEC1-06, CEC1-01
von Keutz, Anne P19-03
Vondracek, Jan S22-04
Vormann, M. OP03-09
Vrbova, Kristyna P17-12, P17-11, P07-47
Vriend, J. OP03-09
Vriens, Kathleen P-Late-15
Vries, Robert S01-05
Vrijenhoek, Nanette P16-25
Vučinić, Slavica P22-04
Vuillaume, Grégory P22-01, P19-06, P16-08
Wainrib, Gilles P05-08
Waizenegger, Julia P10-11
Walbech, Julie P01-17
Walele, Tanvir P07-21, P07-10

Author Contributions

Walk, Tilmann P18-07, P18-02, P07-26
Walker, Paul P22-09, P16-42
Wallace, Heather D
Walles, Heike P12-09
Wallinga, Alinde P10-29
Wambaugh, John S09-04
Wan Omar, Wan Bayani P16-43
Wang, Chen P24-02, P12-05, P07-03
Wang, Si S23-02
Wang, Tian P03-10
Wang, Xianghu P03-10
Wang, Xiaolong P16-11
Wang, Yang S01-03
Wang, Ying-Jan P17-02, P03-01
Wang, Zhimei P19-07
Wang, Ziyu P06-20
Wasko, Mike P19-01
Watanabe, Michiko P-Late-17
Watanabe, Wataru P17-16
Watari, Akihiro P06-03
Water, Bob OP02-06
Weaver, Richard S21-04
Webb, Steven P05-06
Weber, Klaus P10-25
Wehmeier, Oliver P01-17
Weinbauer, Gerhard S04-02
Weinstock, Daniel S28-03
Weltens, Reinhilde P17-20
Wenzel, Jan P05-20
Werner, Christin P07-39
Werner, Sabine S11-01
Wess, R. Arno P19-26
Westen, Gerard OP02-06
Westerink, Remco S08-03
Westerink, Walter P07-12
Westmoreland, Carl S10-04, S02-06
Wetzel, Pascal P07-39
Whittaker, Margaret P25-34
Wiecek, Witold P24-08, S09-03, CEC3-01
Wildey, Rosalind P12-06
Willems, Maxime P01-32
Williams, Antony S09-04
Williams, Dominic Symp01-03
Willighagen, Egon P19-25, P05-25
Wilmer, M. OP03-09
Wilschut, Karlijn P07-33, P06-20
Wimalasena, Rohan P01-13
Winget, Jason P01-13
Wink, Steven P16-25
Win-Shwe, Tin-Tin P23-01
Wisialowsky, Todd P25-21
Wiszniewski, Ludovic P07-22, P07-20
Wołany, Magdalena P12-45, P01-29
Wolf, Jean-Pierre P07-22
Wolf, Roland P10-13
Wolton, Kathryn S23-02
Wong, Ee Tsin P22-01, P19-06
Woodhams, Amber P07-24
Worth, Andrew P19-30, S09-02, P01-09
Wouters, Annelies P16-48, P01-32
Wu, Jia-Ching P03-01
Wu, Wenjuan P12-08
Xezonaki, Pelagia P09-03, P02-15
Xiang, Yang P01-31



Author Contributions

Xu, Haiyan P19-07
Xu, Jianfu P12-05
Xu, Rui P01-26
Xu, Siyi P12-08
Yagi, Kiyohito P06-03
Yakoub, Yousof P16-12
Yalcin, Burcin P17-24, P17-23
Yamada, Takashi P12-15, P05-17
Yamamoto, Masayuki K02
Yamamoto, Priscila P04-10
Yamamoto, Yukio P17-19
Yamasaki, Daiju P20-13
Yamashita, Misaki P07-29
Yan, Zhiwei P16-11
Yang, Chihae P05-27, P05-18
Yasuda, Satoshi OP01-08
Yasuhiko, Yukuto OP01-08
Yeakley, Joanne P18-11
Yen, Pei-Ling P10-01
Yi, Jung Sun P01-15
Yildirim, Selma P13-03
Yin, Lihong P16-16, P12-17, P12-17,

P12-08
Yin, Yifeng P12-05
Yokoyama, Hideaki P06-11
Yonezawa, Yutaka P13-22
Yoo, So Hee P23-18, P16-39,

P16-37
Yoon, JungHee P19-24, P11-18
Yoon, Miyoung P24-13
Yoon, Sung Sik P13-11
Yoshida, Hiroki P17-16
Yoshida, Sachiko P20-13, OP01-07
Yoshinari, Kouichi P-Late-17
Yoshinouchi, Yuka P08-07
You, Are Sun P12-27
You, JiRan P19-24
Yu, Rui P11-21
Yuki, Takuo P01-26
Yuta, Kohtaro P05-26
Zachary, Mouna P25-34
Zaczyńska, Ewa P25-35
Zadnik, Vesna P09-04

Author Contributions

Zafeiri, Aikaterini P06-28
Zaharia, Catalin P11-23
Zakki, Shahbaz Ahmad P10-28
Zakova, Jitka P25-10
Zamprogno, Pauline OP03-08
Zanetti, Filippo P22-02, P01-31
Zappia, Daniel P03-02
Zárate, Lorena P03-03, P03-02
Zaslavskiy, Mikhail P05-08
Zawiślak, Maciej P25-35
Zdimal, Vladimir P17-11
Zdrazil, Barbara P05-04
Zebbiche, Younes P04-04
Zeilmaker, Marco P24-05, CEC3-02
Želježić, Davor P16-41
Zeller, Andreas P11-02
Zerboni, Alessandra P22-07
Zgadzaj, Anna P06-04
Zhang, Juan P16-16
Zhang, Peng P03-10
Zhang, Ruihua P24-02, P12-05, P07-03
Zhao, Chao P12-17
Zhivkova, Tanya P25-09, P06-10
Zhminko, Petro P25-28, P22-10, P11-20,

P04-08
Zhong, Xiali S06-03
Zhou, Mimi S01-03
Zhou, Tiansheng P25-24
Zhou, Tianzheng P19-07
Ziemann, Christina P17-26, P17-06
Zierz, Ruprecht Symp01-06
Zimmer, Karin P08-01
Zink, Daniele P07-38
Zinovieva, Maryna P25-28
Zirath, Helene S18-04, S18-03, S07-03
Zisis, Renos P23-21
Zlatian, Ovidiu P12-49
Zou, Chaozhong P07-02
Zu, Ke OP02-04
Zubko, Olena P11-20, P11-19
Zucchini-Pascal, Nathalie OP02-09
Zupanic, Anze P05-19
Zwetsloot, Tom P20-11



Contents lists available at ScienceDirect

Toxicology Letters

journal homepage: www.elsevier.com/locate/toxlet

Keyword Index

1,2-diacetylbenzene P13-15
1-bromopropane P20-13
1R P19-05
2 P23-10
2.6-dimethylpyridine-N-oxide P11-20
2_4-D P04-08
21st Century S22-01
2-methoxymethyl-p-

phenylenediamine (ME-PPD)
P13-19

3D bioprinting P07-18
3D cell culture P07-47
3D cell system S06-03
3D culture P07-19
3D cultures P25-12, P03-12
3D Human Liver Microtissues P01-27
3D human skin model OP03-05
3D in vitro model P12-34
3D in vitro models P07-33, CEC4-05
3d lung models P07-10
3D microtissues P18-03
3D model P07-41
3D modeling P06-02
3D organoids Symp01-05, P07-17
3D organotypic P07-11
3D renal proximal tubule cell

(RPTEC) model
OP03-09

3D -scaffold P06-17
3D Skin model OP03-07
3D skin model-based assays OP03-03
3-MCPD P10-13
3-NBA P07-47
3r P01-36
3R P22-09, P01-33
3Rs K04, P19-05, P06-15, P01-35,

P01-25
4-Dichlorophenoxyacetic acid P23-10
4-Fluoromethamphetamine (4-

FMA)
P16-20

4-hydroxybenzoate P25-11
5'-UTR area P18-12
2’-Fucosyllactose; human milk

oligosaccharide; food safety;
infant formula

P10-29

A549 P-Late-13
A549 cells P17-28, P17-17
Ab initio P12-35
ABC transporters P-Late-03, P-Late-09

ABCG2/BCRP P07-29
Abuse S20-04
Abuse Liability P25-08
Acephate P16-31
Acer tegmentosum extract P11-18
Acetaminophen P18-06, P16-33, P07-04, OP03-02
Acetaminophen hepatotoxicity S21-03
Acetamiprid P02-03
Acetylcholine P25-10
Acetylcholinesterase P10-20
AChE activity P25-41
Acid-hydrolyzed wheat protein P13-16
Acrolein P-Late-05
Activation P-Late-09
Acute fish toxicity P17-07
Acute hazards S02-05
Acute lung injury P07-35
Acute toxicity P22-10
ADA P19-28
Adequacy P19-26
Adipogenesis S27-03
Adiponectin P04-08
ADMA P23-17
ADME P24-15, P19-12, S05-03
Admet P05-20
Advanced in vitro models S07-02
Adverse effects P22-01
Adverse outcome pathway

(AOP)
S23-01, S17-04, S14-01, P23-16,
P12-42, P05-13, CEC6-01

Adverse outcome pathways S17-02, S17-01, P19-25, P12-23,
CEC6-02

Aerosols S07-01
Aerrosol trapping P16-08
Aflatoxin B1 P07-11
Aflatoxin M1 P10-27
Aflatoxins P12-13
Age P13-08
Ageing S13-05
Age-related immunotoxicity S25-01
Aggregate exposure S14-02, CEC1-06, CEC1-05
Aggregated exposure CEC1-01
Aggregation OP03-06, P17-10
Aging indicator P10-01
Agrochemcial P11-14
Ah Receptor P16-45
AhR S03-05, S03-04, P20-03, P16-45

http://www.sciencedirect.com/science/journal/03784274
https://www.elsevier.com/locate/toxlet
https://doi.org/10.1016/j.apradiso.2018.08.002


Air pollution P16-19, P12-22,S13-05, S13-04,
S13-03, S13-01, S03-05

Air quality P12-46
Air-blood barrier OP03-08, P19-17
Airborne particles P12-11
Air-lifted interface P01-02
Air-liquid interface exposure P17-28
Air-Liquid-Interface P01-28
Airway P01-18
Airway disease P17-27
Airway epithelium CEC4-03
Alamar blue assay P10-03
Alcohol P23-22
Alginate P25-40
ALI P07-41
Aliphatic alcohols P12-06
Alkaloids P12-01
Alkanes P12-06
Allegy P17-27
Allergenicity P10-07
Allergenicity prediction P01-19
Allergic contact dermatitis OP03-01, P05-07, P01-22
Allergies P09-02
Allergy P13-03, P13-01, P10-26
Allium cepa P17-24, P17-23
Allopurinol P04-02
ALT4EI P07-28
Alternaria alternata P22-03
Alternariol P22-03
Alternative animal models OP02-01, P16-35
Alternative approach P12-42
Alternative flame retardant P12-34
Alternative method P13-04, P01-26
Alternative methods OP02-05, S06-05, P05-07, P01-

33, P01-15
Alternative model P16-48
Alternative models P01-32, P01-08
Alternative Risk Assessment P12-10
Alternative testing methods S17-04
Alternative to animal testing P07-42
Alternatives P19-05, P18-11, S08-04, P01-12,

P01-09
Alternatives for animal testing P01-36
Alternatives to animal testing S02-04, S01-01
Alternatives to animals CEC3-06
Altertoxin II (ATXII) P10-21
Aluminum P16-05
Alveolar barrier OP03-08
Alveolar type I cell P12-12
Alzheimer's disease P-Late-09
Ames P11-07, P10-25
Ames assay P11-09
Ames test P11-18
Amniotic fluid P09-03, P02-15
Amphibian P12-44
Anaemia P25-03
Analogue Approach P12-10
Analytical toxicology P25-20, P25-10
Angiogenesis S17-03, P08-04, P03-03
Animal S15-01
Animal free assays S23-03
Animal health S14-04
Animal models P01-04
Animal poisoning P25-27
Animal welfare P19-09
Animal-free P24-12

Animals models P01-29
Anogenital distance OP02-02
ANSM P19-28
Antagonistic P08-01
Antiandrogens P08-11
Antibody-Drug Conjugates P19-28
Anti-BPDE-DNA P11-04
Anti-cancer P20-01
Anti-cancer agent P06-03
Anticholinesterases P25-27
Antidepressant P25-32
Antidotal pathway P-Late-09
Antidote P19-19, P17-21
Anti-inflammatory P13-22
Antimicrobial peptide P01-02
Antimicrobials P13-23
Antineoplastic P12-29
Anti-obesity drugs Symp01-07
Antioxidant P16-30, P11-16, P02-11
Antioxidant capacity P02-04
Antioxidant enzyme P16-29
Antioxidants P23-21, P23-20, P16-21
Antisense

oligodeoxynucleotides
S05-04

Antisense oligonucleotides S05-02
Antothrombotic effect P19-18
Anxiety P20-12
Anxiolytic P25-32
AOP OP02-09, P24-03, P23-14, P16-

23, S23-03, S08-02, Symp01-01,
OP01-05, P08-15, P07-12, CEC1-
04

AOP-KB S17-04
AOPs S02-03
AOP Wiki S09-04
Apoferritin P03-09
Apoptosis P25-36, P23-08, P20-01, P10-28,

P06-09, P03-10, P02-07
Apoptotic P11-08
Approved biocidal active

substances
P12-47

AQPs P01-30
Aquatic toxicity P19-09
Aqueous extract P22-05
Aroylhydrazones P05-21
Arsenic compounds P20-01
Aryl hydrocarbon receptor P16-07, P08-01, S22-04, S03-05
ASO S05-02
Assay ready cells P01-17
Assessment P19-14, P12-27
Assessment element CEC5-01
Assessment factor P12-06
Association Symp01-01
Asthma P17-27
Astrocyte S12-03
ATM P16-11
ATP Rate Assay P-Late-21
Attrition S24-02
Auditory Brainstem Response

(ABR)
P01-06

Autism OP01-07, P04-04
Automated behavioural analysis S20-01
Autophagy P16-34, P16-21
Autophagy inhibitors P16-21
Autopsy case P04-01
Aviation emission P12-16



Award P19-05
Azoles P16-22
B cell activating factor P13-11
Baby wipes P19-08
B[a]P P07-47
Background data P19-11
Baikal seal P08-07
BALB/c P12-45
Bath salts P23-06
Battery ingestion P04-05
Bay of Bengal coast P12-50
Bayesian model P13-05
Bayesian modelling P10-05
Bayesian net P01-05
BCOP P07-39
BCOP LLBO P07-28
BDE-209 P22-04
Behavioral testing. P25-26
Behaviour S20-01, P20-12, P17-04
Benchmark dose CEC2-05, CEC2-03
Benchmark Dose (BMD) S08-03
Benchmark dose modelling CEC2-06
Benzene P16-16
Benzo(a)pyrene P16-45
Benzo[a]pyrene P18-10, P16-11, P11-27, P03-06
Betulinic acid P06-26
Bibliometric analysis P12-08
Big data H, Symp01-01, P05-26
Bile acid P06-09
Bile acids S19-02
Bioaccumulation P12-26
Bioactivation Symp01-03
Bioassay toolbox OP02-09
Bioassays P12-23
Bioavailability P01-14, P01-11
Biochemical parameters P23-10
Biochip Array P19-04
Biochips S06-04
Biocidal Products Regulation P12-47
Biocompartibility P07-42
Biocompatible surface coatings P13-23
Biocorrosion P16-04
Biodegradability P12-21
Biodistribution P06-03
Bioinformatics OP02-01, S12-02
Biokinetics S09-02, P24-03
Biological clock P06-24
Biological incidents training P25-05
Biological membranes P17-01
Biological networks P05-10
Biologics OP03-06, S04-02
Biomarker S19-01, S13-03, Symp01-04, P02-

09, P02-06, P02-02
Biomarker panels S19-04
Biomarkers S23-03, S19-03, S12-28, P23-19,

P20-11, P16-19, P12-22, P07-10,
P02-14, P02-07, P02-03, OP01-
06,

Biomaterials P07-18
Biomechanics P07-35
Biomonitoring P09-03, P09-01
Bioprotectors P24-01
Biosensor P25-10
Biotherapeutics S16-02
(Bio)transformation CEC5-01
Birth weight P20-02

Bisphenol A P22-08, P20-09, P19-02, P18-08,
P13-11, P08-13, P08-03

Bisphenol analog P08-07
Bisphenol S P18-08
Bisphenols P09-03, CEC1-06, CEC1-01
Bitumen fumes P11-04
Bladder cancer P25-14
Blood P25-01, P12-51
Blood lead concentration P09-01
Blood-brain barrier OP03-10
BMD CEC4-01, CEC2-04
BMD approach CEC2-02, CEC2-01
BMDS CEC2-03
BMR CEC2-02
BNF P20-03
BOECs P07-01
Bone marrow Symp01-10
BO-SMCs P07-01
Botanicals P12-02
BPA P08-12
BPS P08-02
Brachydanio rerio P01-29
Brain P16-07
Brain development S27-02, P12-32
Brake dust P12-43
BrdU-ELISA P12-45
Breast cancer P11-23, P06-26, P03-12, P03-03,

P03-02
Breast cancer P03-04
Bronchial tissues P07-11
BSEP Inhibition P07-48
BTX P12-46
Bursary P19-05
Button battery ingestion P04-05
Butyrylcholinesterase P25-36
Bystander S14-02, CEC1-05
BZP P04-06
C. elegans P10-01
Caco-2 P-Late-10
Caco-2 cells P17-17
Caco-2/HT29-MTX cell co-

culture
P17-15

Cadmium chloride P23-02
Caenorhabditis elegans P01-35
Caffeine P16-33, P06-27
Caffeine-alginate

methylsilanetriol
P11-25, P11-24

Calcium P02-11
Calcium transients P23-04
Calendula officinalis P12-24
Calu-3 P16-39
Camel thorn P25-39
Cancer S11-01, S03-01, P10-28, P07-32,

P06-22, P06-10
Cancer bioassay S22-01
Cancer cells P-Late-18
Cancer immunosuppression S03-04
Canines P23-19
Cannabinoid receptors P-Late-01
Capsaicin P25-40
Capture of unintentional

sequences
OP01-08

Carbon nanotube P17-19
Carbon nanotubes P17-22, P17-01, OP01-02
Carcinogenesis S, P12-42, P11-21, P11-17, , P07-

22, P03-08, P03-04



Carcinogenicity P19-23, P19-22, P16-32
Carcinogenicity assay P01-32
Carcinogenicity testing P03-11
Cardiac action potential Symp01-06
Cardiac safety S24-02, P07-46
Cardiac toxicity S24-02
Cardio- and nephrotoxicity S19-04
Cardiomyocytes S24-03, P07-46
Cardio-oncology P07-32
Cardiotoxicity S24-04, S06-04, P23-04, P16-44,

P16-28, OP01-06, P-Late-07, P-
Late-05, P07-46, P06-15, P05-19,
P04-06, P02-02

Cardiovascular P22-01
Cardiovascular earlier detection H
Cardiovascular safety P06-12
Carnosic acid P08-12
Case studies CEC2-06
Case Study S02-06, P12-10
Category P05-17
CB1 receptor P-Late-01
CBA/J P12-45
CBLB502 P07-03
CCl4 intoxication P02-07
Cd P22-04
CD40L S01-03
CDISC P19-01
Celecoxib P13-22
Cell cycle P17-03, P11-02
Cell death P16-43
Cell differentiation P25-25
Cell functionality P07-19
Cell Imaging P06-05
Cell invasion P08-04
Cell lines P06-10, P-Late-04
cell membrane P10-21
Cell migration P08-04
Cell painting P16-49
Cell proliferation S , S22-04
Cell transformation P03-06
Cell viability P23-06, P20-08, P16-13
Cellculture S07-01
Cells of the glía P06-27
Cell-to-cell communication S22-04
Cellular metabolism P07-14
Central activity P17-04
Ceramic nanoparticles P17-28
Cerebellum OP01-07
Cetacean P07-06
Characterization P17-18, P07-17
Chemical analysis P13-03
Chemical carcinogens S22-02
Chemical contaminants P10-15
Chemical mixtures S14-04
Chemical risk assessment S02-01
Chemical safety assessment P12-06, P01-09
Chemical screening S10-02
Chemical transport models S13-01
Chemically-induced transgenic

state
P18-09

Chemicals' mixtures S26-04
Chemical-specific adjustment

factor
OP02-04

Chemiluminescence P16-18
Chemistry P05-13
Chemistry dashbord S09-04

Chemoinformatics OP02-01
Chemoprevention P03-06, P03-01
Chemopreventive P16-43
Children P04-05
Chk2 P16-11
Chlorophenoxyacetic acid P16-29
Chlorpyrifos P25-36, P03-03, P03-02
CHO P11-26
Cholestasis P10-11, P07-48, OP01-04
Cholinergic system P25-41
Cholinesterase P16-38
Chromosomal aberrations P11-03
Chromosome aberration test P11-18
Chromosome aberrations P17-24, P11-20
Chronic effects P02-03
Chronic ethanol consumption P16-17
Chronic exposure P12-49, P10-01
Chronic kidney disease P23-07
Chrysotile P12-43
Cigarette P16-27
cigarette smoke P23-08, P22-06, P18-05, P16-08,

P01-01
Cigarette smoking P22-01
Cilia beat frequency P07-24
CiPA K04, S24-03
Ciprofloxacin P06-04
Citespace P12-08
Citotoxicity P11-24
Classification P19-14, P05-16, P05-15
Clastogenicity P05-20
Claudin-2 P06-03
Cleaning P25-38
Cleaning products P12-38
Climate change P12-13
Clinical S24-01
Clinical trial P11-02
CNS S06-03, P06-16
CNS drugs S12-04
CNS safety S20-01
Coagulation P19-18
Cocaine P06-27, P-Late-07
Coculture P12-09
Co-culture CEC4-05
Coenzyme Q10 P20-09
Coexposure CEC1-03
Cognition S13-04
Colon cancer K03, P10-12
Colorectal cancer S11-02, P10-09
Colorectal carcinogenesis P03-01
Colorimetry P25-10
Combinatory effects P22-03
Combined oral contraceptives OP02-07
Combustion particles S13-03
Comet assay P12-36, P11-22, P11-13, P11-10,

P11-06, P11-05
Commercial engineered

nanostructured materials
P17-07

Comparative and combined
toxicity

P24-01

Computational P12-30, P05-04
Computational biology S23-04, S10-03, S08-01, CEC5-04
Computational infrastructure P05-25
Computational model P05-05
Computational modelling P05-20
Computational toxicology



OP02-06, P24-13, P05-26, P05-
24, P05-13, P05-09, P05-07, P05-
03

Computationally predicted
Adverse Outcome Pathways

P05-22

Computional toxicology S23-03
CON4EI P07-28
Condensed aerosols P19-17
Conditioned medium P03-12
Confocal imaging P16-23
Conformal predictions P07-36
Consensus models OP02-06
Constitutive androstane

receptor
S22-03

Consumer product safety P12-39
Consumer products P12-38
Consumers protection S26-04
Contact allergens S21-03
Container-content interactions P12-19
Continued professional

development
P25-16

Continuous data CEC2-02
Contractility P07-46
Contrast-induced nephropathy P23-21, P23-20, P23-17
Control antibodies S28-02
Controlled Terminology (CT) P19-01
Convection-Enhanced Delivery P19-03
Co-occurrence P10-23
Corneal epithelium P07-42
Cosmetic ingredient P01-10
Cosmetic product P12-33
Cosmetics P25-37, P19-08, P12-19, S02-06
COSMOS S09-02
Cost P19-19
Cotinine P25-32, P02-13
Crocidolite P12-43
Cross-sectional study P09-04
Crosstalk effects P24-11
Cryptochrome P06-24
CTX-M P12-41
Cumulative risk CEC1-06
Cumulative risk assessment P10-02, CEC1-04
CuO nanoparticles P13-23
Cyclin D1 P11-08
Cyclophosphamide P11-20
Cylindrospermopsin P11-10, P10-08
Cynomolgus monkeys P06-08
CYP K03
CYP enzymes P16-03
CYP3A4-related uncertainty

factor
P24-10

CYP450 P02-10
Cyprinus carpio P12-51
Cyproconazole OP02-09
Cyprotex P16-42
Cytochemical P20-06
Cytochrome P450 P07-05, P01-34
Cytogenetic activity P11-20
Cytokine S28-03
Cytokine release S28-04, S28-01
Cytokine release assay S28-03, S28-02, P13-20, P07-01
Cytokine storm S28-02, P13-20
Cytokines OP03-07, S03-01
Cytological study P23-20
Cytotoxic P12-29
Cytotoxic activity P25-09

Cytotoxicit P25-11
Cytotoxicity P17-28, P17-25, P17-03, P16-50,

P16-36, P10-24, P07-06, P07-03,
P06-10, P-Late-18, P-Late-10

D384 cells P07-08
Dairy food chain P12-13
Dairy industry P12-13
Daphnia magna P17-17
Dapsone P04-09
DART P10-10
Data analysis Symp01-01
Data harmonization P05-25
Data quality P19-30
Database P12-30, P01-33
Databases CEC3-05, CEC3-01
Death P25-24
Decision tree P05-15
Deep learning P05-20
Deficient plasma P06-02
Defined Approach (DA) P01-15
Definition of overexpression P03-07
Degradability P12-21
DEHA P19-07
DEHP P10-01, P08-12
Delayed-type hypersensitivity P02-12
Dendritic cells P13-01
Deoxynivalenol P13-02, P10-24
Depression P20-12
Dermal absorption P12-27
Dermal delivery P24-07
Dermatology P04-09
Development S15-01, P20-11, P20-04
Developmental P06-14
Developmental and

reproductive toxicity (DART)
S23-01

Developmental immunotoxicity S25-04, S25-02
Developmental neurotoxicity P20-13, P12-34, P07-13, P01-36,

S06-03, OP01-07
Developmental neurotoxicity

study
P25-26

Developmental origin of health
and diseases

S13-05

Developmental Origins of
Health and Disease

P25-15

Developmental tox S02-05
Developmental toxicity S23-04, OP02-01, S17-03, P17-

19, P16-45, P01-08
Developmental toxicology S23-03, P10-14, P20-03
DGAT1 inhibitor P06-11
Di-(2-ethylhexyl) phthalate

(DEHP)
P08-13

Diabetes P23-12, P16-27
Diabetes mellitus P23-07
Diabetic nephropathy P02-09
Diabetic neuropathy P25-40
Diazinon. P17-21
Dichloroethane (DCE) P11-06
Dienestrol P08-05
Diesel P02-06
Diesel exhaust particles P22-07
Dietary intake P-Late-12
Dietary pesticide exposure P10-02
Diet-induced obesity P01-23
Differentiated H9c2 cells P-Late-05
DILI P05-28
Dinitrophenol P16-24



Dioxin P23-15, P01-11, S03-05
Diphenhydramine poisoning P04-01
Diphenylcyanarsine P12-05
Direct-Peptide-Reactivity-Assay P05-07
Discovery safety P16-10, Symp01-08
Disease S19-01
Disease-in-a-dish CEC4-04
Disinfection by-products P12-37, P12-17
Dispersion method P17-10
DIT S25-03
DMSO P18-03
DNA adduct P11-15
DNA adducts P16-47, P16-19
DNA and RNA (hydroxy)

methylation
OP01-01

DNA damage S22-04, P17-23, P17-11, P16-41,
P12-36

DNA methylation P17-22
DNA microarray P20-03, P19-20
DNA-adducts P11-21
DNCB OP01-10
DNEL P12-06
DNT OP01-09, P07-23
DoHAD S13-05
Dopaminergic P06-14
Doping P25-13
Dose P04-09
Dose response OP02-10, CEC3-06, CEC2-03,

CEC1-04
Dose-response analysis CEC2-05
Dose-response modelling CEC2-01
Dose-response models CEC2-02
Doxorubicin P11-23, P03-12
Doxorubicinol P-Late-05
DPRA P01-22
Draize eye test Reference

Database
P01-26

DR-CALUX P08-01
Drinking water P19-16, P12-48, P12-17
Drinking water quality standard P12-15
Drosophila melanogaster P16-31
Drug delivery P25-40
Drug development K04, P19-15, P19-13, S04-02,

S12-01
Drug discovery K04, P07-43, S12-01
Drug effect P19-18
Drug induced liver injury P05-05
Drug induced vascular injury P06-12
Drug metabolising enzymes P06-28
Drug metabolism P19-20, P07-42
Drug profiling S01-04
Drug repurposing S12-02
Drug safety S24-02, Symp01-03, Symp01-02
Drug safety test P19-20
Drug transport P07-42, P07-02
Drug transporters P06-23
Drug-induced kidney injury P23-19
Drug-induced liver injury S21-04, S06-02, P16-33, P05-28
Drug-Induced Liver Injury

(DILI)
OP01-04

Drug-induced tissue injury CEC4-04
Drug-induced toxicity P01-07
Drugs S16-02
Drugs of abuse P19-04
Dust P12-11
DWNTs P17-16

Dynamic effects P05-10
E. coli antibiotic resistance P12-41
E171 P10-12
E551 P17-15
Eagle P25-01
Early-life S13-04
Ecetoc P18-02
ECG S24-01, P25-21
ECHA P12-06
Echinacea purpurea P12-24
E-cigarette P18-13, P07-21, P07-10
E-cigarette liquids P25-29
E-cigarettes P19-17, P01-31
Ecological S14-03
Ecological hazard P17-20
Ecological health P12-23
Ecological risk assessment S14-04
Ecological risks P12-50
(Eco)toxicity P19-14
ECOTOX S09-04
Ecotoxicological assessment P12-40
Ecotoxicology P12-04, P05-15
ECVAM survey P01-09
EDCs S27-01
EDs P24-11
EEG S20-02
Effectopedia CEC6-02
Efficacy P25-37, P06-03
Eggs P25-20
Electronic cigarette P05-12
Elemicin P11-15
E-liquids P22-09
Ellipticine P03-09
Embryo P16-22
Embryonic stem cell test P07-15
Embryonic stem cells P07-13
Embryotoxicity OP02-01, P01-03
Emergency response P25-05
Emerging contaminants P25-20
Enantioresolution P-Late-06
Enantioselectivity P-Late-06
Endocrine disrupting chemicals S27-04, S27-03
Endocrine disruption OP02-08, S27-02,

P-Late-16
Endocrine disruptor P20-10, P08-10, P08-05, P08-02
Endocrine disruptors P25-15, P08-09
Endocrine-disrupting chemicals P08-03
Endometriosis P08-04
Endothelial migration P22-06
Endothelial nitric oxide

synthase uncoupling
P16-27

Energy drink P23-22
Engineered nanoparticles S08-03
Enhancer P01-16
Environment P12-03, P04-04
Environmental chemicals OP02-07
Environmental decontamination P25-05
Environmental exposure P09-04
Environmental medicine P25-15
Environmental Risk Assessment

(ERA)
P19-26

Environmental tobacco smoke P02-13
Environmental toxicology P12-06
Enzymatic Activity P12-44
Enzymes P12-38
EOGRTS S25-04, S25-03, S25-02, P08-03



EpiAirway P07-24
Epidemiology P19-23
EpiDerm P07-45
Epigenetic P08-02
Epigenetic changes OP01-01
Epigenetics S27-03, P18-12, P18-03, P17-22,

P16-14, P06-09, P03-06
Epigenomics P17-22
Erasmus+ P25-22
Ercc5 P11-27
Ergotamine P16-01
E-S coupling P20-13
ESBLs P12-41
Essential elements P04-04
Estrogen receptor P08-07
Ethanol P-Late-07
EU CLP/ UN GHS classification P25-17
Euphrasia officinalis P12-24
EuroMix OP02-09
European Registered

Toxicologist
P25-16

Evotec P16-42
Ex vivo assessment P19-18
Experimental models P25-25
Exploiting new scientific

understanding
S02-02

Exposure P19-08, P12-33, P12-29, P12-27,
S08-04, P24-15, P10-05, P01-28

Exposure assessment P10-22, P08-13
Exposure model P12-36
Exposure modeling CEC1-06, P24-13
Exposure models CEC1-06
Exposure system P25-07
Extended One-Generation

Reproductive Study
P08-03

Extended one-generation
reproductive toxicity study

S25-04

Eye P05-11
Eye irritation P25-17, P07-28, P01-26
Fat burners P16-24
Fatty acid P06-11
Fatty acids P25-10
FDA P19-01
Fe3O4NPs P07-08
Feathers P25-01
Feed P10-23
Fertility OP02-07, P20-07
Fertility assessment P08-10
Fetal development P05-24
Fetal ovary P20-04
Fibroblasts P03-09
Fibrosis P16-12, S03-01
FIH starting dose S04-04
Fine particulate matter air

pollution
P13-08

Finished cosmetics products P01-20
Fipronil P12-52
First-in-human (FIH) P19-15
Fischer 344 rat P11-06
Fish P02-01
Fish embryo S14-01
Fish toxicity P05-26
FITC P23-18
Flavours P05-12
FLIPR Symp01-04
Fluctuation Ames assay P11-19

Fluoride P16-06
Fluoro-beta-alanine P-Late-05
Fluoroquinolones S21-04
Fluoxetine P06-14
Food S18-02, P12-48, P10-26, P10-25,

P10-05
Food additives P12-49, P10-14
Food allergy P13-02
Food and chemical safety P10-10
Food chain P12-50
Food contact materials P12-48, P10-16
Food contaminant P10-13
Food contaminants P10-03
Food packaging material P05-02
Food raw material P10-15
Food safety S09-03, P24-08, P12-39, P10-27,

P10-15, P10-07, P10-06, P10-02,
CEC3-01

Foodstuff P-Late-12
Food supplement P10-20
Foodborne pathogen P10-17
Formaldehyde P12-48, P11-21
Fragrance oils P25-35
Free access platforms S09-04
Free concentration P25-04
Freely available CEC3-06
Funding P19-05
FXR activation P07-48
Gabapentin P04-10
GARD P19-29, P07-36, P07-09, P-Late-

19
Gastric damage P13-22
Gastro-intestinal Symp01-10
GC-MS P25-20, P12-17, P05-12, P-Late-

18, P-Late-04
GCN2 S03-04
G-CSF P25-12
Gene expression OP03-02, P18-10, P17-22
Gene expression profiling P02-10
Gene mutation P11-15
Gene network P18-09
General toxicity P10-18
Generic models CEC3-01
Generic PBK-model P24-05
Gene-specific DNA methylation P18-12
Genetic characteristics P10-17
Genetic toxicity P11-18
Genetics P25-14
Genome editing OP01-08, CEC4-04
Genome wide transcriptome P16-05
Genomic Allergen Rapid

Detection
P07-37

Genotoxic S22-04
Genotoxic damage P11-13
Genotoxic effect P11-03
Genotoxic effects P11-04
Genotoxicity OP03-05, P17-28, P17-26, P17-

25, P17-23, P17-22, P12-37, P12-
01, P11-25, P11-22, P11-19, P11-
17, P11-16, P11-14, P11-12, P11-
10, P11-09, P11-05, P11-01, P05-
16, P05-12, P05-09, P02-01

Gibberellins P08-11
Gills P12-51
Glia OP01-03, P01-04
Glioblastoma P03-13



Global chemical policy S26-03
Glu/Gal P16-42
GluR2 receptor P05-21
Glutathione P22-06, P16-41, P16-33, OP01-01
Glycol ethers P24-05
Glycolysis P-Late-21
Glyphosate P23-03
GMO safety assessment P13-14, P03-11
Goblet cell hyperplasia P07-24
Gonadotoxicity P20-06
GPR 124 P-Late-13
G protein-coupled receptor P-Late-13
Grain stocks P10-04
Granulosa cells P20-08
Graphene P17-06
Graphene platelets P17-03
GreenScreen P25-34
Groundwater P12-40
GST genotypes P11-13
Guidance P19-30, P18-02
Guidance document P19-09
Guideline P25-16
Gut barrier P13-02
Gut-on-a-chip P01-11
H9c2 P04-06
H9c2 cells P-Late-07
HACCP P10-15
Haemocompatibility P02-05
Hair P25-31, P04-04
Hair dye P13-19
Hairdresser P13-19
Hairless P23-15
Hazard Symp01-03
Hazard assessment OP02-10, P19-02
Hazard identification S02-02, P25-34
HBEL P12-04
HCB P16-30, P08-04
h-clat P01-17
h-CLAT P01-22, P01-15
Health risk P12-26
Health risk assessment P19-16, P02-06
Healthcare worker P12-29
Heavy metals P12-26
HEK293- cells P20-05
Hemangiosarcoma Symp01-09
Heme iron S11-02
HepaRG OP02-09, OP01-04, P06-21
Hepatic Symp01-03
Hepatic differentiation P06-17
Hepatic toxicity P01-07
Hepatocarcinogenic P16-32
Hepatocellular carcinoma P05-22
Hepatocyte P19-20
hepatocytes S06-01, P07-19, P07-05, P06-23,

P01-07
Hepatopac P07-40
Hepatorenal inflammation

response
P13-10

Hepatotoxicants P01-24
Hepatotoxicity S06-04, S06-01, Symp01-03, P25-

22, P24-04, P23-02, P16-20, P10-
11, P07-48, P07-26, P06-21, P07-
14, P05-20, P01-24, P-Late-02

HepG2 P06-22
HepG2 BAC-GFP cell stress

reporter
P07-34

HepG2 cells P10-24, P07-26
Herbal P22-05
hERG K04
Heuristics K01
Hexachlorobenzene P03-03, P03-02
Hierarchical clustering P-Late-17
Hif-1a P16-16
High content P12-02
High content analysis Symp01-08, P06-15
High content imaging S10-03, S08-01, CEC5-04, P23-

14, P06-21
High content imaging platform P16-25
High content screening P07-10
High fat diet P16-14
High throughput P18-11, P12-02
High throughput sequence P16-05
High-content imaging P16-49
Highly volatile substance P01-26
High-throughput Screening P07-38
hiPSC P07-46, P06-15
Histopathology P22-01, P19-06
Historical negative control data P11-26
HK-2 cells P23-06
HLC S06-01
Hopoxia-cultured P19-24
Horizon 2020 CEC1-02
HPG axis P24-11
HPLC-FLD P10-27
HPLC-MS/MS P16-47
HPRT Assay P11-26
HSE P17-20
HSSPME-GC/MS P25-31
Hu5c8 S01-03
Human S14-03, P20-04, P13-18, P07-40,

P07-38, P05-16
Human biomonitoring P24-12, P09-04
Human bipotent liver stem cells P07-17
Human disease S25-01
Human exposure P12-20, P-Late-12
Human fetal liver OP02-08, P06-28
Human hair P12-07
Human health S14-04, P12-23
Human health assessment P12-40
Human health hazard P17-20
Human health risk assessment P12-50
Human hepatocytes P07-48
Human in vitro testing OP03-06
Human induced pluripotent

stem cells
P07-29, P06-12

Human iPS cell P19-20
Human iPS cells OP01-08
Human lymphocytes P17-09
Human neonatal mesenchymal

stem cells
P25-12, P03-12

Human progenitor cells P12-34
Human reconstructed skin OP03-01
Human relevance S22-03
Human relevance framework P16-32
Human relevant P19-05
Human risk assessment S18-02, P05-13
Human safety P12-02
Human skin-derived precursors S06-02
Human toxicology P05-15, CEC4-04
Human variability P24-10
Human volunteer study P24-12

P23-04



Human-induced pluripotent
stem cell-derived
cardiomyocytes

Humanized mouse models S28-01
Humoral immunity S03-03
HupA-PLGA-NPs P24-02
Huperzine A P24-02, P10-20
Hydra attenuate P01-29
Hydratation of skin P01-30
Hydrogel P07-19
Hydrogen fluoride P12-18
Hydroperoxides P16-18
Hydroquinone analogues P07-34
Hydroxylated PCB P08-07
Hydroxynonenal S11-02
Hydroxytyrosol P13-22
Hypersensitivity OP03-06
Hyperthermia P06-26
Hyperuricemia P04-02
Hypothermia P23-05
Hypoxic ischemic

encephalopathy
P-Late-11

IATA S23-02, P19-21
Iberoamerican P25-06
Iccr S02-06
ICE P07-39
ICP-MS P25-01, P04-04
Idiosyncratic toxicity CEC4-06
IDO S03-04
IDO-1 P13-21
IL-12 cytokine family P13-01
IL-13 P07-24
IL-18 OP03-01, P07-30
IL6 K03
Image-based morphology

profiling
P16-49

Imminotoxicity S03-02
Immune modelling P13-18
Immune response S07-04
Immune status P13-14
Immune system P17-12, P09-02
Immune system response P13-12
Immunhistochemistry P03-07
Immunoassay P02-14
Immunogenicity OP03-06, P19-28, P13-18
Immunometabolism P13-21
Immunomodulation S16-01
Immunomodulatory compound P13-20
Immuno-oncolgy P07-44
Immunopharmacology S04-03
Immunosuppression OP01-02, S21-02, P13-06, S03-

01, P02-12
Immunosuppressive responses S03-01
Immunotherapy S12-03, P07-44
Immunotoxicity OP03-06, S28-02, S16-03
Immunotoxicological studies P13-14
Immunotoxicology S16-02, P13-23, P13-20, S04-03,

S03-05, S03-03
Impaired wound healing P25-12
Impedance P07-32
In chemico P01-25, P01-10
In silico OP02-01, P22-10, P19-05, P12-

42, P12-21, P10-16, P05-21, P05-
18, P05-09, P05-07, P05-06, P05-
01, P01-25, P01-19, P01-10
P01-13

In silico allergen prediction
model

In silico methods OP02-06
In silico modelling CEC3-05
In silico screening P05-02
In silico skin penetration model P24-07
In silico tools P12-10
In utero exposure P02-13
In vitro OP03-10, OP03-07, OP03-05,

OP03-01, OP02-09, S17-03, P23-
09, P22-06, P22-05, P19-29, P19-
05, P18-06, P17-26, P17-22, P16-
42, P16-28, P13-18, P12-34, P12-
32, P12-02, S08-04, S04-03, S01-
01, P07-48, P07-46, P07-41, P07-
36, P07-24, P07-23, P07-20, P07-
13, P07-10, P07-06, P07-05, P06-
27, P06-14, P05-16, P01-28, P01-
25, P01-18, P01-14, P01-12, P01-
10, P01-02

In vitro toxicity P01-24
In vitro aerosol exposure P25-07
In vitro airway models P07-25
In vitro assay S28-03, P07-36, P01-21, P01-07
In vitro assays OP02-02, S06-05, P07-14, P01-20
In vitro assessment P22-09, P22-02
In vitro BBB models P07-29
In vitro biokinetics P25-04
In-vitro cellular assay P13-20
In vitro DMPK P24-15
In vitro dose response CEC3-03
In vitro eye irritation testing

strategy
P07-28

In vitro hepatotoxicity S06-02, P07-40
In vitro in vivo extrapolation

(IVIVE)
S08-03

In vitro lung model P07-22
In vitro lung models CEC4-03, P07-31
In vitro metabolism P16-20
In vitro methods P19-21, OP01-05, S02-02, P01-

22, P-Late-15
In vitro model P07-07, P07-02, P01-34, P01-16
In vitro models S18-02, S07-04, P06-12
In vitro moisturization test P01-30
In vitro neurotoxicology P07-18
In vitro reconstructed tissue

model
P07-42

In vitro screening S02-04, P17-06, P07-08
In vitro sensitization P07-21
In vitro testing P23-14, S08-02, S03-03
In vitro toxicity P23-16, P19-17, P17-18, P16-46,

P05-08, P-Late-20
In vitro toxicity testing OP01-09
In vitro toxicity tests S02-03
In vitro toxicology S01-04, P07-11, P06-21, P01-03,

P-Late-10
In vivo P18-06, P11-25, P10-25, P10-14,

P01-32
In vivo genotoxicity P11-06
In vivo mutagenicity P11-14
Incubator microscope S07-02
Indomethacin P13-22
Indoor air quality P25-38
Induced pluripotency P25-25
Induced pluripotent stem cells P12-34
Induction P-Late-09



Induction/activation P-Late-03
Inductively coupled plasma

mass spectrometry
P-Late-14

Infection S07-01
Infertility P20-09
Inflammasome P17-03, P16-15, S21-01
Inflammation S21-04, S21-02, P17-19, P16-12,

K03, S11-03, P07-35, P01-01
Inflammation OP03-02, P25-18, S07-01, OP01-

03
Inflammatory bowel disease P07-37
Inhalation P17-06, P12-11, P01-28
Inhalation exposure P12-18, P12-11
Inhalation toxicity CEC4-03
Inhalation toxicology P19-06, P12-43, P07-25
Inhaled particles S21-02, P17-14
Innate immune P13-07
Innate immunity S21-03, S21-01, OP01-10, P07-37
Innate immunology P13-13
iNOS P25-18, P16-17
Input data CEC2-05
Insecticide P10-28
Insecticides residues P10-04
Insectivorous passerines P02-11
In-silico toxicology P05-08
Integrated AOP P07-16
Integrated Approaches to

Testing and Assessment
(IATA)

S23-01, P19-30

Integrated testing P11-14, P01-05
integrated testing and

assessment strategies
S02-03

Interaction P16-36
Interactions P24-08
Interferon gamma P13-21
Internal TTC CEC3-04
International Chemicals

Management
S26-03

Interoperability P19-25, P05-25
Intestinal absorption P01-16
Intestinal fibrosis P07-07
Intestinal inflammation P07-37
Intestinal organoid P07-07
Intestinal organoids P25-25
Intestinal permeability P17-15
Intestinal toxicity P07-37
Intra-individual variation P24-12
Intratracheal instillation P17-19
Intravenous exposure P19-07
Intraventricular dose P-Late-11
Intubation and ventilation P06-13
Investigative toxicology Symp01-08
Ion channel S24-03
IP346 P19-22
IP-LC/MS P23-19
iPS cells P07-07, P01-03
iPSC S06-03
iPS-derived cardiomyocytes P16-44
IR rays P11-22
Iron alloys P16-04
Iron oxide nanoparticles P17-17
Irritant-induced asthma P13-13
Irritation P05-11
Isoflurane P06-24
Isolated Chicken Eye P07-39
iso-OMPA P16-38

Isoparrafin P25-34
Isoprothiolane P12-51
IVIVE S09-01, P01-12
JTp and Tpe intervals P25-21
JTpeak QTc Concentration-

response
S24-01

Justificationnew appr CEC5-03
Juvenile S15-01
Juvenile animal S15-03, S15-04
Juvenile toxicity studies S15-02
K562 P25-03
Keratinocyte P07-30, P23-15
Kidney S19-03, P24-15, P23-19, P23-16,

P18-05, P07-02, P05-06
Kidney organoids P16-10
Kidney stone P25-39
Kinase inhibitors P06-16
Kinetic modeling CEC3-03
KL001 P06-24
KNIME S09-02
Knock-out rats P16-45
Kynurenic acid P13-09
Label-free P07-32
Label-free proteome analysis P01-13
Labeling P25-29
Lab-on-a-chip S18-04, S18-03, S07-03
Laboratory animals P20-07, P19-10
Lambda-cyhalothrin P11-19, P02-03
Land use regression models S13-01
Larval Phase P12-44
Lay people K01
LC-MS/MS P24-02, P10-27
Leacheable compounds P08-09
Lead P25-01
Lebanese pita P12-20
Leicestershire P12-41
Lenvatinib P16-28
Leukocytes S21-04
Levamisole P06-27
L-glutamic acid-g-p(HEMA) P17-18
LiCl P19-10
Life-course exposure P12-28
Ligand based modeling P05-04
Linc-RoR P03-10
LINE-1 P03-02
Linear Mixed Model P12-03
Lipid P16-18
Lipid peroxidation P23-12, P16-36, P16-29,
P02-11
Lipopolysaccharide P13-22
Liposomes P06-04
Liquid Chromatography-Mass

Spectrometry
OP01-04

Lithium chloride P19-10
Lithium ion P12-18
Lithium salt P20-07
Liver P25-22, P23-05, P18-05, P16-34,

P16-32, P16-23, OP01-05, S06-
01, Symp01-03, P07-05, P05-18,
P02-10, CEC4-06

Organ-Chips S01-02
Liver enzymes P23-02
Liver injury P07-34, P01-24
Liver mitochondria P23-12
Liver regeneration P25-23

P01-07



Liver sinusoidal endothelial
cells

Liver spheroids P07-11
Liver toxicity S10-03, S08-01, P06-20, P05-28,

CEC5-04
Liver-Chip OP03-04, P07-43
Livestock P13-07
LLNA P12-45
LOAEL P12-05
Locomotor behavior P25-41
Long-term incubation P07-40
LPS OP03-02, P07-01
Lung P16-12, P12-43
Lung alveolus-on-chip OP03-08
Lung barrier P13-13
Lung cancer P07-22, P03-07
Lung cells P22-07
Lung fibrosis P16-40, P16-37
Lung function P19-27
Lung toxicity CEC4-03
Lung-on-chip P07-35, OP03-08
Lush Prize P19-05
Lycopene P23-21, P23-20, P23-17
Lysosomal overload P23-14
Lysosome P06-05
Lysosomotropism P06-05
MAb S04-01
Machine learning P05-08, P05-04, OP02-06
Macrophage P25-18, P13-22, P13-11, P13-06,

P12-12, OP01-02
Male Fischer 344 rats P17-05
Male rats P08-06, P08-05
Male reproduction OP02-02
Malondialdehyde P16-41
Mmammary epithelial cells P11-06
Management Guidelines P19-19
Manganese OP01-03, P01-04
Mannich bases P25-09
MARCoNI P20-05
Margin of Exposure S22-02
Mmarine mammal P07-06
Mass spectrometry P16-19, P10-23, P02-14
Mass spectrometry-based

immunoassay
P23-19

Maternal exposure. P08-05
Maternal smoking OP02-08, P06-28
Mathematical modeling S09-02
Mathematics H
Mature human neurons P07-31
MDA-MB-231 P06-22
MDM2 P03-10
MDMA P04-06
MEA P12-32, Symp01-04, P07-46
Mean platelet volume P06-08
Mechanism of toxicity P16-46, P16-35, P11-16, P07-43
Mechanisms of toxic action P05-15
Mechanosensory P01-06
Medical Device P13-04, P08-09, P01-12, P-Late-

19
Medical school education P25-15
Medicinal plant P11-08
Medicine H
Medicine residues P12-31
Meknes P12-46
Membrane components P17-09
Membranolysis P16-15

Menstrual disorders P20-10
Menthol P19-06
MERIT P18-02
Mesenchymal stem cells P-Late-11
Mesothelioma P13-06, OP01-02
Meta- analysis P10-26
Metabolic activation P13-08, P11-07, P10-03, P07-04
Metabolic biomarkers OP02-01
Metabolic disorders P18-08
Metabolic processes P12-06
Metabolism P25-04, P19-12, P12-06, K03,

Symp01-03, S03-01, P10-24, P10-
19

Metabolism intensity P19-10
Metabolome analysis in vitro P18-07, P07-26
Metabolomics S08-01, P18-02, OP01-04, P-Late-

04, P-Late-02
Metal complexes P25-09
Metal mixtures P16-50
Metal oxide nanoparticles P22-07
Metaldehyde P25-27
Metallic trace elements analysis P12-20
Metals OP02-10, P08-14, P04-04, P02-

11, P01-14
Metformin P13-09
Methamphetamine P-Late-20
Methemoglobin P04-09
Method evaluation S02-03
Methodologies S24-04
Methyl mercury P13-09
Methylmercury P16-29
Methylone P-Late-02
Mice P18-09, P13-13, P12-45
MicroArray P12-03
Microbead sensors P07-04
Microbial purification P25-38
Microbiology P12-39
Microbiome S03-05
Microbiota P13-07, P03-01
MicroBrain Symp01-04
Microcystin P10-08
Microcystin-LR P11-10
Microencapsulation P25-40
Microextraction By Packed

Sorbent
P25-20

Microfluidic P07-11
Microfluidic culture system P07-17
Microfluidics S07-02, S06-04, P06-17, P01-11
Microglia S12-03
Micronuclei P17-11
Micronuclei structures P11-03
Micronucleus P17-24, P11-25, P10-25
Micronucleus assay P11-13
Micronucleus in vivo P11-02
Micronucleus test P11-19, P11-18, P11-10
Microorganisms P25-38
Microphysiological systems OP03-04, S01-0, P07-441
MicroRNA …S19-04,K03, P18-03, P02-06,

OP01-06
Microsomal metabolism P16-47
Microtissue P07-05, OP03-02
Midbrain P06-14
Migraine P16-01
Mineral mix composition P20-07
Mineral oil P19-22
Minigut Symp01-05



Mining area P09-01
Minipig P02-10
Mipafox P16-38
MiR-204 P03-10
MiR-6126 P16-37
MiRNA P13-08
Missing factors P06-02
Mitochondria P23-09, P16-44, P16-23, S10-02,

S10-01, P-Late-21
Mitochondrial dyfunction P16-20, P05-28, Symp01-06
Mitochondrial oxidative stress P13-09
Mitochondrial permeability

transition
P23-12

Mitochondrial toxicity S10-04, P16-42, P16-28, P07-14,
P05-04

Mitotic index P17-24
Mitotoxicity P-Late-21
Mixture S27-03, P22-08, P22-04, P04-06,

CEC1-03
Mixture effects P-Late-18, P-Late-07
Mixture toxicity P22-07, P17-17
Mixtures S27-02, S14-03, P22-10, CEC1-

04, P-Late-19
MMP P16-42
MOAH P19-22
Mode of action P20-05, P18-07, P16-45, P16-32,

S22-03
Model P05-11
Model animal OP01-07
Model averaging CEC2-02
Modelling P24-08, CEC6-03, CEC3-06
Molecular docking P06-06, P06-02, P05-02
Molecular Initiating Event (MIE) P05-13
Molybdate P16-34
Molybdenum(III) P11-01
Mongolia P09-01
Monitoring S19-03, P12-07, P02-15
Monkey S04-02
Monoclonal antibodies OP03-06, S04-04, S04-01
Monocytes S21-02
Monotoring P04-09
MOOC P25-22
MOP P24-14
Mouse P23-09, P16-07, P13-16
Mouse embryonic stem cells P23-08
Mouse hepatocytes P11-27
MPS Symp01-03
MRI P19-03, S13-04
MRNA P07-47
MRNA translation P18-10, P11-27
MTOR S03-04
MUC 1 P03-07
MUC5AC P16-39
Multi-constituent substance CEC5-02
Multi-omics P08-14
Multipotent stem cells S06-02
Multiwalled carbon nanotubes P17-26
Mutagenicity P22-05, P16-47
MWCNT P17-05
Mycoestrogen P22-03
MYCOSYNTHESIS P16-46
Mycotoxin-binding agents P10-27
Mycotoxins P16-36, P10-23, P10-22, P10-21,

P10-19
Myelinaton S06-03
NADPH oxidase P25-33

Nanocarrier P11-23
Nanocomposite P17-23
Nanomaterials S18-02, S18-01, S07-04, P17-26,

P17-22, P17-13, P17-12, P17-06,
P03-09

Nanomedicine S16-01
Nanoparticles P24-01, P20-08, P17-22, P17-21,

P17-14, P17-11, P13-21, P10-12,
P02-01, P01-28

Nanosafety profile P17-07
Nanotoxicology S07-02, P13-23, P11-23, P07-08
Nanotubes P13-06
NASH P01-27
Natural inhibitors P06-06
Naturalness K01
N-butylparaben P08-10, P08-06
Neonatal Sprague-Dawley Rats P-Late-11
Neopterin P13-21
Nephrotoxicity OP03-09, P23-22, P23-19, P23-

16, P23-06, P18-07, P16-21, P16-
06, S08-02, P08-15, P07-38, P05-
06, CEC4-02

Networks P25-06
Neural cell apoptosis P16-11
Neural crest P07-15
Neural stem cells P07-18
Neuroblastoma P03-09
Neurodegeneration S12-03, S10-01, P01-04
Neurodevelopment P16-13, P-Late-01, P08-14
Neurodevelopmental disorders S27-02
Neuroinflammation P13-15, P01-04, S12-03
Neurological changes P12-49
Neuropathic pain P04-10
Neuropathy S20-03
Neuropsychopharmacology S12-04
Neurosphere P07-23
Neurotoxicity S20-01, P23-03, P23-01, P17-04,

P16-05, P-Late-01, P10-08, P08-
12, P07-33, P07-31, P07-08, P06-
19, OP01-03

Neurotoxicity testing P12-32
Neurotoxicology P01-04
Neurotoxin P25-10
Neutrophils P25-33, P25-30
New approach methodology CEC5-03
New psychoactive substances P16-13
New psychoactive substances P-Late-01
Next generation risk assessment S02-06
NFIL-3 P13-01
NF-κB P25-35
N-hexane P20-10
NHP P19-03
Nickel(II) P11-01
Nicotinamide riboside P03-06
Nicotine P25-32
Nile Tilapia P02-03
Nitric oxide P03-03
Nitronium ion P16-18
N-nitrosamines P12-17
N-nitroso compounds P10-09
NNK P03-04
NO P23-17
NO2 P12-46
NOAEL P12-05
NOAEL approach CEC2-01
Non human primate P02-12



Non in vivo P07-12
Non-alcoholic fatty liver disease OP02-08, P06-21
Non-animal P19-05, P01-18, CEC3-02, OP03-

07
Non-animal alternative methods OP03-03
Non-animal methods P12-35, P-Late-15
Non-animal testing P01-12
Nonclinical S15-03, S05-04
Nonclinical safety S04-01
Non-clinical safety assessment Symp01-07, P01-23
Non-clinical toxicities P19-28
Non-genotoxic S22-04
Non-genotoxic carcinogens P05-22
Non-human primates P19-18
Non-invasive S19-01
Non-parenchymal cells P06-23
Non-rodent P19-13
Non-steroidal antiinflammatory

drugs
P25-09

Non-US countries P19-01
Novel food P10-06
Nrf2 K02, S21-03, P25-23, S25-03,

S11-04, S11-03, S11-02, S11-01,
OP01-10

NRF2 pathway P07-34, P05-05
NRK-52e cells P18-07
NTE P16-38
Nuclear Factor-kappaB OP01-03
Nuclear receptors OP03-10
Nuclear Translocation P06-05
Nuclear uptake P17-22
Nucleotidases P06-06
Obesity and comorbidities P22-08
Obesogen P08-02
Obesogenic effects P04-08
Occludin P01-30
Occupational asthma P19-27
Occupational exposure P17-11, P11-22,

P-Late-14
Occupational exposure limits P19-27
Occupational health S26-05
OCED Toolbox P10-10
OCT2 P04-10
Ocular drug delivery P07-42
ODE model P05-05
ODEs P18-06
OECD P19-09, P08-03
OECD 437 P07-39
OECD 438 P07-39
OECD TG 442E P01-15
OEL P12-04
Off target profiling Symp01-02
Office P25-38
Older adults P12-28
Oleanolic acid P06-22
Oligonucleotide S05-03, S05-01, P06-08
Omics P18-13, P18-07, P18-03, OP01-

06, P19-25, P01-31
Omics analysis P18-05
Omics data P05-10
Oncogenic markers P03-11
Oncology P19-28
Ontogeny S15-02, P01-34
Ontology S23-03, P05-24, P-Late-17
Open Source S09-03
Open water systems P12-41

OpenFoodTox S09-03
Operator P12-27
Ophthalmic homeopathic

ointment
P12-24

Opioid P24-14
Optimization P01-35
Oral Cavity Cancer P20-01
Oral dose toxicity P10-25
Oral exposure S18-02, P10-04
Oral Fluid P19-04
Organ S15-01
Organic solvent metabolite P13-15
Organoids S06-04, S01-05, S01-03, P07-18,

CEC4-05
Organ-on-a-chip S01-04, S01-01, OP03-09, OP03-

04, P24-06, P07-44, P07-43, P07-
33, P07-11, P06-20, P01-11,
CEC4-06

Organophosphate P17-21
Organophosphorus insecticide P06-13
Organosilicon compounds P12-14
Organotypic culture P01-31, P01-01
Organweights P19-11
Ovary P20-08
Over-the-counter product P04-01
Oxidative degradation P12-31
Oxidative potential P12-16
Oxidative stress OP02-06, P25-36, P23-10, P23-

08, P16-44, P16-43, P16-31, P16-
29, P16-20, P16-12, P16-04, P13-
10, P12-44, P12-26, P11-16, P10-
13, P08-06, P07-34, P06-09, P05-
05

Oxygen Consumption P07-14
Oxygen sensing P07-04
Oxytocin P20-12
P53 P16-11, P03-10
PAC P19-22
Packaging P25-29
Paediatric S15-04, S15-02
PAH toxicity P16-45
PAHs S22-04, P07-47
Pairwise testing CEC2-01
Pan-centromeric FISH P17-11
Parabens P02-15
Para-brom-benz-thio-hydroxime P25-28
Paracetamol P20-04, P19-19
Paraoxon P25-10, P16-38
Parkinson P12-03
Parkinson's disease S12-03
Parquat P12-44
Particle size P17-02
Particles S13-04, S03-01
Particulate matter P13-07, P02-06
Passive sampler P12-46, P12-40
Patch-clamp S24-03
Pathogenic gene profiles P10-17
Payload P19-28
PB(PK) models S09-02
PBK P05-14, CEC3-05
PBK modelling OP02-02
PBK OR PBBK OR PBTK OR

PBPK
P24-12

PBMC P13-21
PBPK P24-14, P08-15, CEC3-06
PBPK modeling P08-13, CEC3-04, CEC3-02



PBPK/PD P24-11
PCNA P11-08
PCDD/Fs P-Late-12
PDE P12-24, P12-04
Peanut P13-02
Pediatric S15-03, S15-01
PEG-Serine P17-21
PEGylation P13-12
Pentedrone and methylone

enantiomers
P-Late-06

Percellome P18-09
Perfluoroalkyl substances P20-02, S03-03
Perinatal exposure P08-10
Peripheral blood P20-06
Peripheral nervous system S20-03
Permanent tumor cell lines P25-09
Peroxisome proliferator-

actiavted receptor alpha
S22-03

Peroxisome proliferators P16-32
Permeation P01-16
Persistent organic pollutants OP02-07, P25-31, P08-01
Personal care products P12-11
Personal lubricants P01-12
Personalized medicine P11-23
Pesticides P25-26, P25-10, P22-10, P20-06,

P12-49, P12-40, P12-30, P11-19,
P11-14, P11-13, P04-08, P02-
14S03-02

Pesticide formulations S02-05
Pesticide residue P10-02
Petroleum products S02-04
PFHxS P19-16
PFOS P19-16
PGH P23-18
P-glycoprotein P-Late-03, P-Late-09, P06-22
Phagocytosis OP01-10
Pharmaceutical ingredients P25-37
Pharmaceuticals P19-26, P03-08
Pharmacodynamics S15-02
Pharmacokinetics S15-02, P25-25, P24-13, P24-02,

P07-29, P04-10
Phenobarbital P02-10
Phenolic benzotriazole P05-17
Phenotypic analysis P06-15
Phenoxyethanol OP02-04
Phenylcapsaicin P10-25
Phenylpropenes P16-47
Phenylvalerate esterase P16-38
PhIP K03
PHMB P23-18
PHMG P23-18
PHMG-phosphate P16-40, P16-37
phosphate triester P25-11
Phospholipid P17-01
Photodegradation P06-04
Phototoxicity P07-45, P06-04
Phthalate metabolites P09-03
Phthalates P24-05, P22-08, P09-02, P08-14
PhUSE P19-01
Physical exercise P12-28
Physicochemical properties P17-25
Physiologically based

pharmacokinetic (PBPK)
modelling

S08-03

Physiologically-based
toxickinetic models

CEC3-01

Phytochemicals P10-09
PIP decisions S15-04
PK/PD Symp01-10
PK/PD relationship S04-04
PKC P25-33
Place conditioning P25-08
Placenta P20-03
Placental growth factor (PLGF2) Symp01-09
Platelet count P06-08
Platelet function P19-18
Platelet receptors P06-02
Platycodon P10-18
Pluripotency P16-48
Pluripotent stem cells P01-24
PM P16-39
PM2.5 P12-08
PM0.25 P12-16
PMSF P16-38
PNEC P12-06
Pneumonia P17-16
Point of Departure P12-25, OP02-05
Poisoning P25-01
Policy support S17-01
Polybrominated Diphenyl Ether P25-20
Polychlorinated biphenyls P12-03
Polycyclic aromatic compounds S03-03
Polycyclic aromatic

hydrocarbons
P11-04, P11-03, P03-01, OP01-
01, P10-05

Polyethlemine P25-30
Polymer biomaterial P02-05
Polymethoxyflavones（PMFs） P03-01
Polymorphism CEC4-04
Pomegranate P23-10
POPs P07-06
Positive control P25-11
Postnatal S15-01
Potassium octatitanate fibers P17-05
Potency P01-05, OP03-07
PPAR-gamma P16-10
PPARα P16-32
Preclinical S20-04, S19-04, P13-18, S05-02,

P02-02
Preclinical safety P06-08
Preclinical studies Symp01-01
Prediction P07-38, P03-08
Predictive neurotoxicity testing S08-03
Predictive testing S17-02
Predictive toxicology S23-04, P05-25, P05-08
Prefrontal cortex P23-01
Pregnancy P12-33, P09-03, P02-15
Prenatal programming P16-14, OP02-08
Prenatal toxicity S13-05
Prenatal treatment P20-12
Preservative OP02-04
Prevalence P10-26
Prevention P23-21, P10-09
Primary mouse hepatocytes P18-10, P-Late-02
Printing ink P05-02
Proaarhythmia S24-04
Proarrhythmia biomarkers P25-21
Proarrhythmic risk P25-21
PROAST P16-22, CEC4-01, CEC2-05,

CEC2-04, CEC2-03
Probabilistic risk assessment P19-16
Product label S15-04
Profiler P05-06



Progesterone P20-08
Prohaptens P01-21
Pro-inflammation P12-16
Proinflammatory cytokines P25-35
Proliferation P16-16
Promoter area P18-12
Propaquizafop P16-32
Prostate cancer P-Late-04
Protective role P23-10
Protein aggregation S12-03
Protein allergens P01-19, P01-13
Protein assessment P10-07
Proteomics P18-13
Proteomics analysis P16-50
Protocol S03-02, P19-02
Proximal tubule cells P07-38
Psyllium P04-02
PTP4A3 P16-16
Pulmonary P12-43, P01-18
Pulmonary inflammation P-Late-13
Pyrethroids P16-03
Pyrrolizidine alkaloids P10-11, P10-03
(Q)IVIVE P12-35
QIVIVE P24-05, S08-02, P08-15
QPCR P01-34
QRA OP02-05
QSAR P05-28, P05-11, P05-09, P05-01
(Q)SAR P05-12
QTc prolongation P25-21
Quality assurance P18-02
Quantal data CEC2-02
Quantification P19-12
Quantitative adverse outcome

pathways
CEC6-03

Quantitative AOP S23-02, S10-03, CEC5-04
Quantitative risk assessment P13-19
Quartz P16-15
QuEChERs P10-23
Quercetin P23-02, P16-01
Questionnaires P02-13
R WEB app CEC4-01, CEC2-04
RAAF CEC5-01
Radioactivity P19-12
Radioprotective effect P07-03
Randomised controlled trial P06-13
Ranking P16-22
Rapamycin P02-12
Rapid risk assessment P12-39
Rapid Screening P19-04
RAR P20-05
Rare Disease S12-02, P11-02
Rare earth metals P12-07
Rat P25-24, P25-08, P23-09, P23-01,

P19-07, P17-04, P16-05, P10-25,
P02-02

Rat erythroleukemia P25-03
Rat liver P16-03, OP01-01
REACH S25-04, S25-03, P19-21, P12-06,

P07-12 CEC5-05, CEC5-02, CEC5-
01, P-Late-15

Reactive species P25-30
Reactivator of cholinesterase P25-28
Reactive oxygen species P23-08, P16-04, S10-01
Read-across S02-04, P12-47, P12-35, P12-25,

P12-10, P10-10, P05-18, P05-17,

P05-27, P05-14, P01-14, CEC5-
05, CEC5-03, CEC5-02

Reassessment S22-01
Reconstructed epidermis OP03-05, P07-30
Reconstructed human epidermis P12-09
Reconstructed human skin

model
P07-45

Recovery P19-15
Recovery and restoration P25-05
Red meat and nitrite P10-09
Redox imbalances P02-04
Registration P25-16
Regorafenib P16-28
Regression KY-method P05-26
Regulation S24-04, S20-04, S05-04, P19-14,

CEC3-02, CEC1-02
Regulatory guideline S15-04
Regulatory requirements S02-01
Regulatory risk assessment S25-04, P19-25
Regulatory testing P03-08
Regulatory toxicology D, P19-15, P07-45
Relevance P19-26
Reliability P19-26
Renal cortex P16-17
Renal damage P23-20
Renal fibrosis P23-07
Renal Proximinal Tubule

Epithelial Cells
P07-02

Repeat dosing P07-40
Repeat-dose inhalation tox S02-05
Repeated dose P25-24, P18-09, P10-25
Repeated dose toxicity P05-17, P-Late-17
Repeated drug treatment OP03-10
Repeated exposure P05-05, P01-01
Replacement S02-05, P19-05, P01-33
Reproduction P01-35, P20-06
Reproductive toxicity P20-09, P20-05, P16-45, P08-06,

P08-05, P07-13, P01-35, Symp01-
07

ReproTracker P20-11
Repurposed S12-04, S12-01
Research frontiers P12-08
Resident S14-02, CEC1-05
Respiratory P22-01, P01-18
Respiratory allergy S17-02
Respiratory chain P16-44
Respiratory infection P07-20
Respiratory sensitizatiion P12-38, P07-41, P07-21
Respiratory system P12-43
Respiratory toxicity P12-43, P12-12, P07-10
Respiratory tract simulation P25-07
Response-response CEC6-03
Resveratrol P23-21, P23-20, P23-17
Retinoic acid P07-15, P05-24
Reverse dosimetry CEC3-06
Review S03-02, P10-06
RGB P25-10
RHE P13-04, P12-09
Rheumatic arthritis P13-11
Risk P25-14, P12-20
Risk and safety assessment S08-03
Risk assessment OP02-10, OP02-05, OP02-04,

S16-01, S14-04, S14-03, S10-04,
S08-04, S08-02, S07-02, Symp01-
03, S27-01, S26-02, S22-02, S09-
03, S02-04, S02-02, P24-08, P19-



08, P17-06, P16-46, P13-05, P12-
52, P12-48, P12-38, P12-33, P12-
30, P12-42, P12-25, P12-22, P12-
14, P11-21, P10-15, P07-21, P05-
25, P05-27, P01-19, P01-13
CEC3-03, CEC1-03, CEC1-02

Risk of exposure P12-13
Risk of injury P04-05
Risk perception K01
RLE-6TN cells P17-25
RNA sequencing P16-10
RNAseq P13-15
Road workers P11-04
Rocuronium P06-13
Rodent P19-13
Rodent liver tumours S22-03
Rodent models Symp01-07
Rodenticides P25-27
ROS P16-31, P16-30, S11-03
Rosiglitazone OP02-03
Rotenone S10-01
Rowatinex P25-39
RSV P17-16
RTCA P07-03
RVis CEC3-06
Safe Innovation P17-20
Safety S26-02, S19-03, S15-03, P25-37,

P07-44, P06-03, P02-02
Safety assessment OP03-01, S24-02, P19-30, P19-

15, P19-13, P12-35, P12-19, P12-
11, S12-01, S05-02, Symp01-02,
P10-16, P06-12, P05-27, P01-05

Safety assessment of mixtures P11-17
Safety pharmacology S20-01
Safety strategy P06-16
Safety testing P07-30
Salmonella P10-17
SAR P08-07
Satellite monitoring data S13-01
Saturated aliphatic aldehydes P-Late-13
Scenario CEC5-01
Scleroderma S11-03
Scorpion envenomation P13-10
Screening P06-19, P05-09
Screening platform S07-02
SDMA P23-17
Seahorse P23-09, P16-42
Second hand smoke P03-04
Secondary organic aerosol

(SOA)
P23-01

Secondary pharmacology Symp01-02
Secretome P25-12
Seizure Symp01-04
Selectivity P06-16
Selenium P13-10
Self-poisoning P19-19, P06-13
Semi-volatile cork compounds P-Late-18
SEND P19-01
SENS-IS P01-22
Sensitisation S25-03, OP03-07, P01-22
Sensitisation of the respiratory

tract
S17-02

Sensitization P07-41, P07-36, P07-30
Sensitizer P07-30
Sensitizing potential P12-09
SeqAPASS S09-04

Serine proteinases P06-02
Serum P23-04
Serum creatinine P23-21
Sex P25-08
Shelf life P22-06
Short time exposure P01-26
Shotgun proteomics P18-08
SHR P11-05
SH-SY5Y cell line P-Late-06, P10-08
SH-SY5Y cells P07-08, P-Late-20
SH-SY5Y human neuroblastoma

cells
P13-09

Signal detection Symp01-01
Silanes P12-14
Silanol P16-15
Silica S21-02, P16-15, P16-12
Silica nanoparticle P17-10
Silica nanoparticles P17-25, P17-15
Silicones P12-21
Siloxanes P12-14
Silver nanocomposite P17-24
Silver nanoparticle P17-02
Silver nanoparticles P25-33, P25-30, P17-04, P16-46,

P-Late-10
Similarity P05-14
Single cell gel electrophoresis P17-23
Singlet oxygen P16-18
Siponimod Symp01-09
SIRT1 P23-07
Size distribution P17-10
Skeletal muscle P23-09
Skin S21-03, S11-03, S11-01, OP01-

10, P23-15, P07-30, P05-11
Skin irritation P25-17
Skin metabolism OP03-05
Skin micronucleus assay OP03-05
Skin penetration prediction CEC3-04
Skin sensitisation OP03-03, P19-21, P13-05, S02-

06, P-Late-19, P-Late-15
Skin sensitization OP03-01, OP02-05, P19-29, P13-

19, P13-04, P12-01, P07-16, P07-
12, P07-09, P01-21, P01-20, P01-
17, P01-10, P01-05

Skin sensitization model P13-16
Skin test OP03-07
Small intestine P06-11
SMe1EC2 P20-12
Smoke fraction P16-08
Smoking P16-27
Smoking cessation P18-05
Smoking habits P25-14
Smooth muscle cells P06-12
Snake venom P06-06
Snake venom serine protease P13-12
Social dominance P23-01
Social toxicology S26-01
Sodium benzoate OP02-04
Software P19-14
Solid phase micro-extraction P25-04
Source-to-outcome continuum P24-13
Spanish young adults. P12-07
Spheroid P07-19
Spheroids OP03-04, P07-05
Sphingosine-1-phosphate

Receptor 1 (S1P1)
Symp01-09

Spina bifida P05-24



Spontaneous background
findings

P01-23

Spontaneous Lesions P25-24
Sprague-Dawley rat P01-23
Spray P12-11
SRM P16-39
Steatosis P16-34, OP01-05
Stem cell P16-48, P12-32
stem cell toxicology P16-48
Stem cells S06-01, CEC4-04, P20-11, P07-

31, S01-05, P01-32
Stent P16-04
Stereotactic surgery P19-03
Sterigmatocystin P16-41
Steroid treatment P06-08
Strategy S16-01
Stress response pathways P16-25
Striatum Putamen P19-03
Structural alerts P05-15, P05-06
Structural modeling P05-04
Structure-dependent

cytotoxicity
P10-03

Strychnine P25-27
Study design CEC2-01
Study reliability P19-02
Study validity P19-02
Subacute guidance value P12-15
Subacute reference dose P12-15
Subchronic effects P24-01
Subchronic toxicity P19-24, P12-05
Substance abuse in sport P25-13
Subtoxic concentration P-Late-02
Superoxide dismutase P16-41
Supplementation P11-05
Surface functionalization P17-26
Surface properties P17-01
Surfactans P01-21
Survey P12-20
Swimming pools P12-37, P12-36
Synergistic effect P16-43
Synergistic mixture effect P08-01
Synthetic cathinones P23-06, P-Late-20, P-Late-06
Systematic review OP02-03, P19-02
Systemic toxicity P12-01, Symp01-06
Systems biology Symp01-10, P24-11, P16-50
Systems biology approach S25-01
Systems biology-based 3R-

testing strategy
S08-03

Systems dynamics S23-04
Systems model Symp01-10
Systems toxicology S23-03, S23-02, S10-03, S08-01,

P05-19, P01-31, CEC5-04
T cell proliferation OP03-07
T lymphocyte P13-08
Target organ toxicity P16-35
Target safety assessment K04
Target tissue dose P22-04
Tattoo P13-03
Tattoo ink OP03-01
Technical features P25-29
TEER P17-14
Telomere length S13-05
Telomeres P03-13
Teratogenesis P16-22
Teratogenic effect P01-29
Teratogens P20-11

Teratotoxicity P01-08
Terrestrial mammals wildlife P25-31
Test guideline P08-03
Test guidelines S06-05
Testing S20-04
Testing battery P07-23
Tetanus toxoid P02-12
TFEB P06-05
TGF-β P13-06
TGN1412 P07-01
Thalidomide P01-08
The 3R principles S23-01
Therapeutic Index S05-03
Therapeutic nanosystem P01-02
Therapies S05-01
Thermal waters P25-18
Thermosensitive

magnetoliposomes
P06-26

Thiamine P25-36
Thioxanthones P-Late-03
THP1 P07-16
THP-1 P12-09, P01-17
Threshold of Toxicological

Concern
P12-14

Thrombocytopenia P06-08
Thromboelastometry P19-18
Thrombosis S01-03
THS2.2 P19-06
Thujone P22-05
Thyroid disruption S14-01
Thyroid hormone S27-02
Thyroid Peroxidase P-Late-16
Thyroxine P-Late-16
Tight junctions P17-14, P07-29
Time-to-pregnancy OP02-07
Tissue inflammation S01-04
Tissue targetting strategies S05-03
Titanium dioxide P10-12
TKplate S09-03
TNF-α P16-33
Tobacco P18-13
Tobacco harm reduction P22-02
Tobacco products directive P25-29
Tobramycin P23-19
Toluene diisocyanate P19-27
Tox21/Toxcast OP02-03
ToxCast S10-02, P10-10
Toxic metals P12-50
Toxicity S19-01, P25-28, P19-07, P17-22,

P17-10, P16-24, P16-01, P12-51,
P12-29, Symp01-03, P10-20, P10-
07, P07-32, P05-18

Toxicity management P23-05
Toxicity mechanism P-Late-17
Toxicity screen OP03-09
Toxicity testing P07-04
Toxicodynamics P24-04
Toxicogenomic data P05-17
Toxicogenomics P22-08, P18-09
Toxicokinetic characterization P05-02
Toxicokinetic data CEC3-01
Toxicokinetics P24-10, P24-08, P24-04, P24-03,

P01-09, S08-04, CEC3-02
Toxicological studies P02-07
Toxicology S15-03, P25-06, P19-23, P19-13,

P12-22, P10-06, P01-23



Toxicology education P25-22
ToxTracker P11-16
Trace elements P-Late-14
Traffic S13-03
Traffic emission P12-16
Training P01-25, CEC2-06
Trans Epithelial/Endothelial

Electrical resistance (TEER)
P24-06

Transaminase P06-11
Transcriptional profile P02-01
Transcriptional profiling P05-16
Transcriptomic P18-11
Transcriptomics P22-01, P18-13, P18-03, P17-27,

P12-03, P10-12, S10-01, S08-04
Transcutaneous exposure P13-16
Translation P24-14, P18-06
Translational S20-04
Transparency P22-02
Transport P01-11
Transporters P01-09
Transtracheal intrapulmonary

spray
P17-05

Trend P12-08
Triazoles P24-05
Triclopyr P24-15
Triclosan P02-15
Trihalomethanes P12-36
Triiodothyronine P19-16
Triple co-culture P01-16
Troglitazone OP02-03, P23-12
Troponin I P07-46
TRPC6 P01-06
Tryptophan P13-21
TTC P12-35, P12-01
Tumor necrosis factor S21-04
Tumorigenicity P19-24
Type 2 diabetes P04-10
Type 2 diabetes mellitus P02-04
Type I Allergy P01-19, P01-13
Tyrosine kinase inhibitors P16-28
UAE P10-26
Ultraviolet-radiation P11-03
Umbilical Cord Blood-Derived

Mesenchymal Stem Cells
P19-24

Uncertainty P05-27
Uncertainty assessment P19-30
Uncertainty factor P24-10
Uncoupling Symp01-06
Undergraduate training P25-05
Uranium P16-06
Urea Compounds P12-25
Urinary arsenic P09-04
Urine P23-19, P19-04, P10-22
Urine metabolites P12-22
Usage pattern P12-33

UV radiation P11-12
UVCB S02-04, P07-09, CEC5-02, P-Late-19
Vaccination S07-01
Vaginal irritation P01-12
Validation S24-04, P19-29, S06-05, S02-03,

P07-45
Valproic acid P16-25, P07-15, P07-13
Value chain S19-03
Variants P25-14
Vascular endothelial cells Symp01-09
Vascular fibrosis P16-27
Vehicle P25-35
Ventilation system P25-35
Viability P17-09
Viral infection S12-03
Virology P01-04
Visits P25-06
Visualization tool P05-10
Vitamin D P11-05
VOC's mixtures P18-12
Volatile Organic Compounds P-Late-04
Vorinostat P06-09
Wastewater P12-04
Water pollution P12-23
Webserver P05-08
Weight of evidence CEC5-03, P05-27
Wheat based food P10-22
Whole-genome gene expression P17-12
WikiPathways P19-25
Wild edible plants P10-06
Workflows P05-25
World Health Organization's

Module
P25-15

Wound healing S11-01
Xenobiotic metabolism P16-43
Xenobiotics S21-03
XF Analyzer P-Late-21 Y
Yeast bioreporter P08-11
Young swimmers P12-37
Zearalenone P22-03
Zebra fish toxicity P17-02
Zebrafish OP02-01, P25-41, P06-19, P05-

19, P01-34, P01-08
Zebrafish embryo P10-14
Zero effect CEC2-01
ZET P17-07
Zeta-cypermethrin P25-26
Zinc P17-17
Zinc chloride P25-41
ZnO P13-21
ZnO nanoparticles P17-09
ZnO nanorods P17-09
β-Keto amphetamines P16-21
β-keto-amphetamines P16-13
γ-ray P07-03
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