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Welcome

On behalf of the Canadian Organizing Committee, it is my honour and privilege to welcome you to the 
12th World Congress on Alternatives and Animal Use in the Life Sciences in the majestic city of Niagara 
Falls, Ontario, Canada. We gratefully acknowledge that WC12 is hosted on the traditional territories of 
the Anishinaabe and the Haudenosaunee Peoples of Canada.

This year, the World Congress celebrates 30 years of progress in the field. As we gather in this iconic 
setting where the formidable force of nature mirrors the boundless potential of scientific discovery, we 
must renew our shared commitment to seek innovative, scientifically robust methods that replace the 
reliance on animals across the life sciences. Niagara Falls, with its timeless beauty and raw power, also 
serves as a poignant reminder of the inter-connectedness of all life on our planet. Let us renew our 
collective dedication to higher ethical standards to move beyond the 3Rs − #3RsOverTheEdge − to 
protect animals in science.

Over the past decade, our field has witnessed remarkable advancements in new approach methodologies 
(NAMs), innovatively designed to supplant traditional animal testing. However, widespread integration 
of these NAMs into regulatory risk assessment remains limited to specific assays and selective nations. 
Our challenges − both pressing and profound in nature − will require us to seize the untapped potential 
inherent in NAMs and seamlessly integrate them into the global framework of hypothesis-driven 
biomedical research, drug development pipeline, chemical safety testing, and beyond into the biology 
classroom. The holistic realization of this 21st-century vision, in turn, necessitates the conscientious 
cultivation of the next generation − instilling within them the torch-bearing responsibility to carry forth 
the pioneering progress made in the field. With these challenges in mind while developing the WC12 
program, we aspired to facilitate and foster a platform with diverse themes to champion the exchange of 
ideas, exploration of differing viewpoints, and forging of consensus among all stakeholders to advance 
21st-century science, innovation, and ethics. 

We would like to extend our deepest gratitude to everyone who 
contributed to the success of WC12! May WC12 serve as a 
beacon of hope and inspiration, illuminating an accelerated path 
towards a future where innovative and ethical practices redefine 
the landscape of scientific research and regulatory testing to protect 
humans, animals, and our environment!

On behalf of the Canadian Organizing Committee,

Charu Chandrasekera, Ph.D. 
WC12 Chair 
Executive Director 
Canadian Centre for Alternatives to Animal Methods  
(CCAAM) 
Canadian Centre for the Validation of Alternative Methods 
(CaCVAM) 

Dear World Congress Community:
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Welcome

As we gather for the 12th World Congress on Alternatives and Animal Use in the Life Sciences (WC12), 
we are not only embracing a tradition of scientific excellence but also celebrating a milestone - the 30th 

anniversary of these vital conferences. From the very first assembly in Baltimore initiated by the Johns 
Hopkins Center for Alternatives to Animal Testing (CAAT), these congresses have stood as a beacon, 
guiding the path towards ethical, innovative, and sustainable scientific practice.

The progress made over the last three decades has been remarkable. The themes for WC12 of Transparency, 
Collaboration, Innovation, and Transformation represent the core values that have guided this movement 
since its inception. These principles continue to foster interdisciplinary cooperation, driving forward 
cutting-edge methods that seek to minimize, refine, and replace animal usage in the life sciences.

This congress’ significance extends beyond mere celebration. It offers an opportunity to reflect upon the 
journey that has led us here and to envision the path ahead. Our collective efforts have led to incredible 
advancements in alternatives to animal testing, such as microphysiological systems, in vitro models, 
and computational tools. It is a journey marked by collaboration, not only between different scientific 

Welcome to WC12 from the Alternative Congress Trust 
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disciplines but between academia, industry, governmental bodies, and NGOs. We are honored to have 
eminent scientists, policymakers, and researchers among us as a testament to the innovative spirit of this 
community.

Within these pages, you will find abstracts that represent the latest in cutting-edge research, policy 
development, and ethical considerations. From the complexities of microphysiological systems to 
refinements in animal research practices, the scope and depth of the content reflect the evolving and 
dynamic nature of this field.

As we look to the future, we see a horizon filled with potential. The knowledge, creativity, and compassion 
that have marked the past 30 years will continue to guide us as we strive for a world where ethical scientific 
practice is not just an ideal, but a reality.

On behalf of the Alternative Congress Trust, responsible for the World Congress series, we extend our 
warmest welcome to all participants. May this year’s gathering be a platform for inspiration, reflection, 
and renewed commitment to the principles that have shaped 30 years of progress.

Wishing you an enlightening and collaborative experience at WC12.

Elaine Faustman, ACT Chair

Thomas Hartung, ACT Treasurer

Gilly Griffin, ACT Secretary
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editorial

ALTEX Proceedings is proud to present the Abstract Book of the 12th World Congress on Alternatives 
and Animal Use in the Life Sciences in Niagara Falls, Canada.

This Abstract Book contains summaries of about 350 oral presentations and 330 posters. They are  
sorted by presentation type and submission ID number. The abstracts address the six Congress Themes: 
Regulatory Acceptance and Global Harmonization; Next-Gen Education; Ethics, Welfare, Policies, and 
Regulations; Human-Centered Biomedical Research; Refinement and Impact on Science; 21st Century 
Predictive Toxicology. They represent the work of more than 2200 contributing authors from 40 countries  
on all six continents.

We are very grateful to the Doerenkamp-Zbinden Foundation, Switzerland for again generously funding  
the production of the Abstract Book. Thank you to Melanie Gubbels-Schols from Klinkhamer Group 
for her cooperation in producing the Abstract Book.

Two years after WC11 was held as a virtual congress, we are all thrilled to be meeting face to face again 
in this majestic location. We wish all participants of WC12 an inspiring meeting that will bring forth 
new ideas and international collaborations in the effort to replace, reduce, and refine animal experi-
ments towards human-relevant and humane science.

We can now already start looking forward to WC13, which will bring us together again in Rio de Janeiro,  
Brazil in 2025.

 

With best wishes,

Sonja von Aulock 
Editor in chief, ALTEX & ALTEX Proceedings

Dear WC12 participants,
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Animal-reliance bias mitigation: 
Developing evidence from 
transdisciplinary research
Merel Ritskes-Hoitinga1,2

1Utrecht University, Faculty of Veterinary Medicine, IRAS tox, Utrecht, 
The Netherlands; 2Aarhus University, Department of Clinical Medicine, 
AUGUST, Aarhus, Denmark

j.ritskes-hoitinga@uu.nl 

Animal-reliance bias refers to a reliance on or preference for an-
imal-based methods where they may not be necessary or where 
non-animal-based methods may be (more) suitable. This bias af-
fects the likelihood of a manuscript begin accepted for publication 
and of a project application being rewarded for funding. Currently, 
there are clear indications that this bias exists in the publishing and 
funding process, favoring animal research as this is generally still 
considered the gold standard. However, what is the evidence tell-
ing us? Evidence from systematic reviews – which are by nature 
an interdisciplinary endeavor – has shown repeatedly that the pub-
lication quality of animal studies is often insufficient and hardly 
improves over time, and that many animal studies do not translate 
well to the human situation. The poor publication quality makes it 
impossible to reliably interpret the research results, and addition-
ally also poses an ethical problem concerning the use of animals. 
Because many animal studies are done with the aim to improve hu-
man health, the poor translation of animal studies leads to the im-
portant question whether it is worthwhile to continue doing animal 
studies for that purpose. Therefore, it is useful to address research 
questions from a more holistic perspective by doing transdisci-
plinary research. Transdisciplinary research integrates knowledge 
across academic disciplines (interdisciplinary) and with non-aca-
demic stakeholders to address societal challenges. In my presen-
tation I will give examples of how transdisciplinary research and 
especially transition science can be beneficial, connecting different 
fields of research, stakeholders, and society.

Presentation: Oral

1

Why I moved from working  
on refinement to replacement
Merel Ritskes-Hoitinga1,2

1Utrecht University, Faculty of Veterinary Medicine, IRAS tox, Utrecht, 
The Netherlands; 2Aarhus University, Department of Clinical Medicine, 
AUGUST, Aarhus, Denmark

j.ritskes-hoitinga@uu.nl 

As a newly graduated vet I wanted to make a difference for labo-
ratory animals through committing myself to research and educa-
tion on the implementation of the 3Rs. At that time, I still believed 
that animal studies were needed, and I started my career focusing 
mainly on refinement and reduction. After decades of experience 
in the laboratory animal science field, it became clear that focus-
ing on the 3Rs is in itself not a successful way towards 3R im-
plementation. Therefore, I started working on preclinical system-
atic reviews, as this methodology seemed the way forward: results 
from systematic reviews can lead to direct 3R implementation and 
a lot more. However, the unfortunate benefit of systematic reviews 
is that the results have demonstrated again and again that many 
publications on animal studies lack essential details and that the 
translatability of animal studies to humans is often very low. More-
over, a historical analysis of the regulatory requirements on animal 
studies has revealed that these requirements are often not based on 
sound scientific evidence. The focus on refinement and reduction 
can also prevent focusing on replacement. The results of new ap-
proach methods have indicated that translation to the human situ-
ation can be much higher and thus more promising. It is therefore 
high time to move the prime focus to replacement and accelerate 
the transition to animal-testing-free science and regulations, for 
the benefit of animals and humans.

Presentation: Oral

Oral Presentations
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risk assessment (NGRA). The students valued this very much. Also,  
co-creative interdisciplinary learning of students and teachers can 
be implemented immediately and can be a very productive method 
in making interdisciplinary progress together fast (Abarkan, 2022). 
In the longer term, new learning scenarios and roadmaps for educa-
tion will help to make further changes and commitments towards 
non-animal science. In the Netherlands the university organizations 
UNL and NFU have, e.g., committed themselves to a target image 
to move to the implementation of animal-free methods in educa-
tion. That way animal use in teaching is avoided and moreover, in-
fluencing the thinking into the possibilities of non-animal education 
and research.

Presentation: Oral

12

Animal methods bias in NIH research 
funding review committees
Emily Trunnell and Katherine Roe
People for the Ethical Treatment of Animals U.S., United States

emilyt@peta.org 

There is broad agreement among researchers, policy-makers, and 
regulators that increasing the use and awareness of non-animal re-
search methods is needed to reduce the numbers of animals used in 
science. However, progress in this area has been slow and animals 
continue to be used even in research areas where non-animal meth-
ods are available. Our research will attempt to ascertain whether a 
greater familiarity with animal-based methods within research proj-
ect review committees may contribute to the continued use of an-
imals in biomedical research in the U.S. To investigate this, Peo-
ple for the Ethical Treatment of Animals is conducting an analysis 
of the types of research methodology expertise held by members 
of U.S. National Institutes of Health Center for Scientific Review 
study section members. Using the agency’s “iCite” tool, we will as-
sess the extent to which individual committee members’ publication 
profiles are oriented towards human, animal, and cellular/molecu-
lar research. Preliminary data suggest NIH study sections evaluat-
ing basic and translational research proposals are disproportionate-
ly composed of reviewers with primary expertise in animal-based 
methods, and animal use among reviewers positively correlates 
with the number of animal-based grants funded. The implication 
of these data is that review bodies without sufficient expertise in 
non-animal methods may not be providing fair review and consid-
eration to research proposals that propose to use non-animal meth-
ods. We expect this research to demonstrate the necessity for sys-
temic and cultural change in the biomedical research community 
and be used to advocate for polices that raise the bar on ethical and 
effective research.

Presentation: Oral

10

Animal-free recombinant antibodies 
for research and diagnostics
Stefan Dübel1 and Esther Wenzel2
1Technische Universität Braunschweig, Braunschweig, Germany; 2Abcalis 
GmbH, Germany

s.duebel@tu-bs.de 

While phage display, the premier animal-free method for antibody 
production, is well established for the production of therapeutics, 
most antibodies for research and diagnostics are still produced in 
animals. This presentation will review the achievements and pros-
pects of recombinant in vitro antibody generation and provide ex-
amples of how animal-derived antibodies could be supplemented 
or replaced in typical current research applications. Further differ-
ences and opportunities of in vitro antibody generation compared 
to animal-based generation will be presented, e.g., the possibility 
to predetermine specificity features, the exchange of constant re-
gions to adapt to different detection antibodies (species switch), 
or easy post-selection modifications to add functions not available 
from plain IgG. In addition, polyclonal animal antibodies can now 
be replaced by recombinant antibodies in various applications, 
from research and diagnostics to passive vaccinations.

Presentation: Oral

11

Goals for integrating NAMs into 
next generation education
Merel Ritskes-Hoitinga1,2

1Utrecht University, Faculty of Veterinary Medicine, IRAS tox, Utrecht, 
The Netherlands; 2Aarhus University, Department of Clinical Medicine, 
AUGUST, Aarhus, The Netherlands

j.ritskes-hoitinga@uu.nl 

The conduct of unnecessary animal tests that are not justifiable from 
a scientific or ethical perspective needs to be avoided and modern 
non-animal science and New Approach Methods (NAM) need to be 
implemented. How can we make the change towards the fast inte-
gration of NAMs in education? The goals are to educate scientists 
and regulators to close the gaps in knowledge and application, and 
to also improve the confidence in NAMs. Already many educational 
tools and methods exist which can be implemented in the short term: 
Learning scenarios on NAM teaching programs have been made 
freely available via the JRC website. At the ETPLAS training plat-
form, e-learnings on searching for and application of NAMs have 
been made freely available (52 and 60). At Utrecht University we 
have invited industry to take part in education on the next generation 

mailto:emilyt@peta.org
mailto:s.duebel@tu-bs.de
mailto:j.ritskes-hoitinga@uu.nl


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 3

16

Protocol review and the 
promotion of alternatives
Andrew Rowan
WellBeing International, United States

arowan@wellbeingintl.org 

Institutional Ethics and Animal Care Committees have been criti-
cized for not rejecting a greater number of the proposed research 
and testing protocols submitted by faculty and research staff for 
approval. Such criticism misunderstands the role, actual and po-
tential, that these committees provide in their institutions. The 
committee members are mostly colleagues of those submitting 
protocols for review and, as such, they are expected to engage in 
constructive dialogue with their colleagues. Such dialogue more 
usually results in the modification of protocols, not their absolute 
rejection. Several specific (but anonymous) examples of such dia-
logues taken from the author’s own experience on protocol review 
committees will be provided.

Presentation: Oral

14

Global trends in laboratory 
primate use: 1950 - present
Andrew Rowan
WellBeing International, United States

arowan@wellbeingintl.org 

The laboratory animal supply industry is relatively young. For ex-
ample, when Eli Lilly needed rabbits to standardize the different 
batches of insulin produced to treat diabetics, one of the big chal-
lenges they faced in the late 1920s was sourcing sufficient num-
bers of white rabbits for the bioassays. A similar challenge arose 
in the period immediately after World War II when rhesus mon-
keys became the animal of choice in which to grow the polio vi-
rus stocks from which the Sabin vaccine was manufactured. The 
presentation will track global laboratory primate use over the past 
75 years and identify the reasons for changes in such use and how 
alternative methods have reduced the demand for live monkeys.

Presentation: Oral

L’Oréal has been at the forefront of non-animal methods for over
40 years.

We believe that scientific and regulatory advancement of non-
animal methods is only possible through multidisciplinary
cooperation.

Our engagements focus on scientific leadership to develop new
non-animal methods, international collaboration, and educational
programs to further encourage their acceptance by authorities.

Click here for more information

Come to our booth n°5 to discover 
the Power of Science, for beauty with no animal testing!

mailto:arowan@wellbeingintl.org
mailto:arowan@wellbeingintl.org
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Acute toxicity in silico models 
and expert reviews
Glenn Myatt
Instem, United States

glenn.myatt@instem.com 

This presentation will outline modern developments in in silico 
alternative approaches that leverage the wealth of historical data 
generated through machine learning methods. It will describe the 
development of a battery of transparent and fit-for-purpose in sili-
co models to evaluate the acute toxicity 6-pack: (1) acute system-
ic toxicity by three routes of exposure (oral, dermal, inhalation),  
(2) skin and eye irritation/corrosion, and (3) skin sensitization. 
To support the development of these models, a series of databas-
es were constructed including hundreds of thousands of chemi-
cals with data supporting these endpoints. The models predict cat-
egories such as the Globally Harmonised System of Classification 
and Labelling of Chemicals (GHS) categories. Two computation-
al methodologies (expert rule-based and statistical-based) across 
all 6 endpoints and will be presented. The poster will review the 
development and performance of these models and present work-
flows to illustrate how they can be used to support the 3Rs, includ-
ing how an expert review can be incorporated into any assessment.

Presentation: Oral
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Introduction to PBPK modeling for  
chemical risk assessment
Marjory Moreau
ScitoVation, United States

mmoreau@scitovation.com 

As risk assessment is shifting from animal testing to new ap-
proaches methods (NAMs) based on in vitro and in silico meth-
ods, alternative strategies are needed to accurately integrate and 
use this non-animal data. Next Generation Risk Assessment 
(NGRA) of a chemical integrates NAMs to assure human safe-
ty without performing animal testing. The key principle is to ex-
trapolate in vitro points of departure to external bioequivalent ex-
posures. PBPK modeling is an efficient and reliable tool to sim-
ulate the fate of chemicals within an organism and is constructed 
using a series of differential equations that are parameterized with 
physiological and chemical-specific variables. Used in combi-
nation with state-of-the-art quantitative structure-activity rela-
tionship (QSAR), read-across, and in vitro testing technologies,  

20

International computational 
collaborations for 
predictive toxicology
Kamel Mansouri and Nicole Kleinstreuer
NICEATM/PTB/DTT/NIEHS, United States

kamel.mansouri@nih.gov 

Humans are exposed to an increasing number of chemicals, but 
only a fraction of these have been evaluated for potential risks 
to human health and the environment. Thus, both regulators and 
manufacturers need rapid and efficient approaches to evaluate 
the potential toxicity of thousands of chemicals already in com-
merce and others in development. Advances in information tech-
nology and machine learning have fostered the development of  
in silico approaches that leverage the relationships between chem-
ical structures and their biological activities. However, individual 
predictive computational tools are associated with certain limita-
tions, and they are only as good as the input data upon which they 
are built. To address these challenges, international consortia in-
volving over 100 scientists from governmental agencies, academia, 
and industry collaboratively developed in silico tools for predict-
ing chemical toxicity based on mined and curated data from the 
literature. These consortia have successfully concluded three proj-
ects: the Collaborative Estrogen Receptor Activity Prediction Proj-
ect (CERAPP), the Collaborative Modeling Project for Androgen 
Receptor Activity (CoMPARA), and the Collaborative Acute Tox-
icity Modeling Suite (CATMoS). Limitations of individual mod-
eling approaches were overcome by establishing consensus mod-
els that leveraged each model’s strengths. The resulting consensus 
models have been used to screen hundreds of thousands of chem-
icals from the U.S. Environmental Protection Agency’s (EPA’s) 
DSSTox database. These models are freely available for further 
use through the open-source suite of QSAR models OPERA,  
as an installed standalone application, by querying the EPA’s 
CompTox chemistry Dashboard and NTP’s Integrated Chemi-
cal Environment, or within the OECD toolbox through OPERA’s 
plugin.

Presentation: Oral
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The electro-mitochondrial coupling of 
a microphysiological human heart
Mohammad Ghosheh1, Avner Ehrlich1, Konstantinos 
Ioannidis1, Muneef Ayyash1, Idit Goldfracht2, Merav 
Cohen1, Amit Fisher3, Yoav Mintz4, Lior Gepstein5 and 
Yaakov Nahmias1

1Alexander Grass Center for Bioengineering, The Hebrew University of 
Jerusalem, Jerusalem, Israel; 2Sohnis Research Laboratory for Cardiac 
Electrophysiology and Regenerative Medicine, the Rappaport Faculty of 
Medicine and Research Institute, Technion - Israel Institute of Technology, 
Haifa, Israel; 3Department of Biological Chemistry, Institute of Chemistry, 
The Hebrew University of Jerusalem, Jerusalem, Israel; 4Department of 
General Surgery, Hadassah Hebrew University Medical Center, Jerusalem, 
Israel; 5Cardiology Department, Rambam Health Care Campus, Haifa, 
Israel

mohammad.ghosheh@mail.huji.ac.il 

Cardiovascular diseases are the leading cause of death worldwide. 
Efforts to study cardiac dysfunction are frustrated by physiolog-
ical differences between humans and animal models. Here we 
present a sensor-embedded, hiPSC-derived model of vascularized 
cardiac tissue that develops into complex multi-chambered self-
paced heart organoid under anisotropic stress. Sensor integration 
permits the simultaneous real-time measurements of oxygen up-
take, extracellular field-potential, and cardiac contraction with  
> 10-Hz resolution. Using this platform, we discovered 1-Hz car-
diac respiratory cycles, whose frequency is coupled to the elec-
trical, rather than the previously theorized mechanical, activity 
of the tissue. Microscopic analysis revealed that calcium oscil-
lations drive a mitochondrial respiration cycle. Pharmaceutical 
or genetic inhibition of this electro-mitochondrial coupling leads 
to arrhythmogenic behavior. We show that the chemotherapeutic 
mitoxantrone induces arrhythmia by disturbing the electro-mito-
chondrial coupling and that this effect is partly reversed by co-ad-
ministration of metformin, suggesting a mitochondrial basis for 
chemotherapy-induced arrhythmia. Our work describes the mito-
chondrial dynamics of cardiac rhythms, underscoring the utility of 
microphysiological systems for advancing our understanding of 
cardiac physiology and advancing pharmaceutical interventions.

Presentation: Oral

PBPK modeling serves as a tool to predict tissue doses of chemicals 
and assist in assessing safety of chemicals. The design of a model 
structure is the first step of model development, and it depends on 
physicochemical properties, mode of action, and available datasets 
of the chemical, as well as the purpose of the model. PBPK mod-
els need to be carefully evaluated before being used confidently in 
decision-making context. The Organization of Economic Cooper-
ation and Development (OECD) recently published a harmonized 
guidance on model application in risk assessment and good model-
ling practices. This guidance document focuses on parameterizing 
and validating PBPK models when in vivo kinetic data are limited 
or not available, especially for use in risk assessment. The specific 
question that the model addresses is essential as it structures model 
conceptualization, implementation, and evaluation.

Presentation: Oral
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The iron fist and velvet  
glove: Expanding  
the implementation of the 3Rs
John Baumann
Indiana University, United States

baumannj@iu.edu 

While researchers in principle may support the expansion of the 
3Rs, they are not necessarily proactive in implementing them for 
their own research. This is, however, a role that the animal care and 
use program (ACUP) and especially the IACUC may and should 
play. This presentation offers a discussion of how the ACUP and 
IACUC may push researchers to further replace, reduce, and re-
fine their use of animals using both the Velvet Glove (education, 
support, encouragement) and the Iron Fist (regulatory action) ap-
proaches.

Presentation: Oral
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Helpathons to accelerate 
human-relevant science
Sue Gibbs1,2,3, Pepik Henneman3,4, Jan de Dood3,4, 
Carine van Schie3,5 and Debby Weijers3,6

1Amsterdam University Medical Center, Amsterdam, The Netherlands; 
2Academic Center for Dentistry Amsterdam, Amsterdam, The Netherlands; 
3The Helpathon Hotel, The Netherlands; 4Maneer de Leeuw, The 
Netherlands; 5Dutch Burns Foundation, Beverwijk, The Netherlands; 
6Stichting Proefdiervrij (Dutch Society for the Replacement of Animal 
Testing), The Netherlands

s.gibbs@amsterdamumc.nl 

Background: Animal-free innovation becomes easier if you choose 
to do it together: with patients, researchers, financiers, health pro-
fessionals and policy makers. A helpathon, inspired by the Dutch 
“transition to animal free innovations (TPI)” network, is an inno-
vative 2-day workshop. An interdisciplinary group, guided by the 
Helpathon Team, assists a scientist to transition to animal free re-
search by sharing resources, knowledge and necessary networks 
and helps find funding.

Method: Key moments of the helpathon workshop:
Opening Phase: the central research question is illuminated by 

the scientist.
Open Space Phase: has no predetermined agenda! Everything 

considered important to the central question is covered, thought 
ought and disconnected from the animal method.

Try Out Phase: a “Power of imagination” session, in which pos-
sible solutions are described as if they exist. Promising ideas are 
further developed.

Communication Phase: Helpathons end with a festive presen-
tation of results to those involved and interested people from the 
participants’ network.

Follow-up Phase: One month later, check back with scientist to 
see if additional help from the network is needed. All participants 
receive follow-up information on what happened to the ideas they 
generated.

Results and Conclusion: Quote from scientist: “It is now clear-
er to us that the use of animals is not always necessary. Thanks to 
this TPI Helpathon we have gained new insights about existing in 
vitro and cell culture systems that we can use to test our therapies. 
These models can give results that may be more relevant to hu-
mans than results obtained from laboratory animals.”

Presentation: Oral
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Language and workflow  
in biomedical research indicate 
institutional bias and  
how translational medicine 
can help abolish non-human 
animal experimentation
Melanie Ort1,2

1Charité – Universitätsmedizin Berlin, Julius Wolff Institute, Berlin, 
Germany; 2Institute of Chemistry and Biochemistry, Department of 
Biology, Chemistry and Pharmacy, Freie Universität Berlin, Berlin, 
Germany

melanie.ort@charite.de 

Non-human research is favored due to institutionalized bias. Struc-
tures and proceedings are pre-established for non-human animal 
researchers. Studies with human material not relying on non-hu-
man animals are chronically underfunded and structurally disad-
vantaged. While this is caused by multiple factors, the most strik-
ing ones are language in publication, research and funding struc-
tures and precarious work conditions in academia.

In academic education non-human animals are “tools”, “mod-
els”. The non-human subjects are objectified, and passive voice 
enhances the distance between research and lab-animal. Structures 
in institutes and suppliers are specialized in non-human animal re-
search. Laboratories are suited for animal research and this work 
is plannable and easy to fit into a schedule. Milestones can be 
reached as promised. Working with human primary material heav-
ily relies on individual dedication and motivation. Infrastructures 
need to be set up separately and follow no clear flow. Work pack-
ages are not easily defined, days can vary when working with the 
clinic. Surgeries can be postponed, and days can be overly stress-
ful or utterly boring. Non-human animal research is scheduled and 
rarely changed. There is more help, communication, and possibil-
ities for non-human animal researchers to obtain homogenous, re-
producible data. PhDs and postdocs rely on data consistently pro-
duced, but often have short-term contracts. Finding a patient co-
hort and sample acquisition often needs more time. Additional 
hurdles can slow down or alter a work-plan, making milestones 
less easy to achieve. Shifting focus towards human-based research 
is beneficial for everyone involved in biomedicine. Working with 
patients needs patience but is worth it.

Presentation: Oral

mailto:s.gibbs@amsterdamumc.nl
mailto:melanie.ort@charite.de


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 7

enced trainers which is clearly evidenced. Assurance that the ma-
terial has been understood and training has been successful can 
be acquired by a robust and transparent assessment system, and 
certification.

Oversight by accrediting or approving bodies can assure that all 
the content is covered, that trainers are indeed properly qualified, 
and the assessment is fair and delivered with proper integrity.

Outcomes of the training will be seen by scientists, technicians 
and inspectors who should see evidence of an appropriate level of 
competence and knowledge resulting from training.

The role of the inspectors in overseeing quality of outputs, and 
in indicating any areas for improvement, along with the likely 
source of the solution will be explored.

Trust in high-quality training and records of training should al-
low transferal between institutions with minimal repeated train-
ing, and provide a platform for peer-review of quality of laborato-
ry animal science throughout careers to improve the animal wel-
fare and 3Rs.
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Physiologically-based kinetic 
modelling as fundamental  
for next generation risk assessment
Abdulkarim Najjar
Beiersdorf AG, Hamburg, Germany

abdulkarim.najjar@beiersdorf.com 

Chemical risk assessment for human recently increases the need of 
using new alternatives methodologies (NAMs), and the concomi-
tant to phase out of animal testing. Next Generation Risk Assess-
ment (NGRA) of a chemical is a framework that integrates NAMs 
to assure human safety without animal testing. The NGRA re-
quires extrapolations of the in vitro points of departure (PoDs) to 
external equivalent exposure, relevant to specific exposure scenar-
ios. Physiologically based kinetic (PBK) models describe the fate 
and integrate the knowledge on the absorption, distribution, me-
tabolism, and excretion (ADME) of a chemical in the human body, 
which provides a means for this extrapolation. The crucial role of 
PBK modelling in NGRA was demonstrated in a several case stud-
ies. These case studies provide guidance in implementing, gain-
ing confidence, and improving regulatory implementation of PBK 
models for chemical risk assessment. In the presented study, PBK 
models were developed and qualified for UV filters, e.g., homo-
salate, to support the human health safety evaluation based on the 
internal exposure. The aim of this PBK modeling approach is to 
perform route-to-route and inter-species extrapolations to trans-
late both the oral exposures from a historical rat study, and dermal 
exposures in consumers using sunscreen to internal dose metrics. 
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Raising concerns for good animal 
welfare and reproducible science
Kathy Ryder
Department of Health, Northern Ireland, United Kingdom

k4thy.mccall@btinternet.com 

It is important for public confidence in laboratory animal science 
that the standards we work to are high. Technicians, scientists, in-
spectors and others may identify a concern which arises in any 
one of many areas of our work with laboratory animals. For ex-
ample, the facilities may not be up to standard, numbers of staff 
are insufficient for the tasks required, procedures are not being 
performed in the most refined manner, or experimental design can 
be improved. We can all contribute to improving standards when 
this occurs.

Methods and ideas for addressing concerns will be presented. 
Defining the precise issue and its consequences is an important 
first step. It is crucial to identify accurately who is or could be in-
volved, both in the issue itself and in creating a solution. The time-
frame for resolution of the problem needs to be identified. The 
consequences of failure to resolve it, both in the short and long 
term will assist in determining priorities and resource allocation.

The person identifying the problem should be involved in the 
resolution, or at least in the follow up, to make sure the issue is re-
solved to ensure closure and relevant feedback is provided to add 
to job satisfaction. Working together constructively to ensure high 
standards can be restored or attained is critical so that good ani-
mal welfare and sound reproducible science is the norm. The key 
to resolution is team-working, a no-blame culture and longer-term 
follow-up.
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Oversight to facilitate 
high-quality training
Kathy Ryder
Department of Health, Northern Ireland, United Kingdom

k4thy.mccall@btinternet.com 

Training in laboratory animal science should be a career-span-
ning. At all stages, oversight can be provided to ensure that the 
training is up-to-date, sufficiently detailed for the purpose, likely 
to be understood and learned by the trainee.

Introductory theoretical and skills training can be devised to 
cover a pre-determined set of learning outcomes covering fo-
cused and topics specific for trainees’ requirements. The quality 
of training can be assured by the use of suitably qualified / experi-
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Introduction to the traditional 
concept of in vivo adversity
Kim Boekelheide
Brown University, Providence, RI, United States

kim_boekelheide@brown.edu 

Toxicity testing is undergoing a remarkable paradigm shift brought 
about by the advent of new approaches to understanding cellular 
responses to toxic exposures. This paradigm shift was articulat-
ed by the 2007 National Academy of Sciences report titled “Tox-
icity Testing in the 21st Century: A Vision and a Strategy,” and a 
world-wide effort is underway to define the tools and interpretative 
frameworks needed for this new paradigm to succeed.

One of the challenges of this new strategy is how to understand 
and identify adversity within the predominantly cell-based plat-
forms used in the new test systems. To address this challenge, it is 
helpful to look back on how adversity is defined in animals used 
for toxicity testing. A common definition of organismal adversity 
is that proposed by R. W. Lewis et al., 2002:

“Adverse effect – A biochemical, morphological or physiologi-
cal change (in response to a stimulus) that either singly or in com-
bination adversely affects the performance of the whole organism 
or reduces the organism’s ability to respond to an additional envi-
ronmental challenge.”

In practice, most adverse effects identified in animal studies 
are those that produce statistically significant changes in an end-
point, such as body or organ weight, and clinical chemistry or his-
topathological alterations commonly accepted by pathologists as 
indicative of a non-adaptive or irreversible change in an organ sys-
tem.

This session explores how in vivo adversity based on changes in 
whole animal endpoints can be adapted to identify actionable al-
terations in structure and function of cell-based systems that allow 
a safety decision.

Presentation: Oral

The developed PBK models estimated reasonably well the internal 
exposures in rats and humans. This helped replace default uncer-
tainty factors with more chemical-specific risk assessment. In the 
absence of in vivo data, such human PBK models will be the key of 
future non-animal-based risk assessments.

Presentation: Oral

34

Mechanistic computational modeling 
for chemical toxicity evaluations
Hao Zhu
Rowan University, Glassboro, NJ, United States

hope_usw@yahoo.com 

Addressing the safety aspects of new chemicals has historically 
been undertaken through animal testing studies, which are expen-
sive and time-consuming. Due to the massive available data for 
known chemicals, modern computational toxicology has been ad-
vanced to the “big data” era. Central to this shift is the develop-
ment of machine learning approaches to implementing innovative 
modeling based on the dynamic, heterogeneous, and large nature 
of public chemical toxicity data sets.

Our recently developed computational approaches and relevant 
modeling studies answered above challenge by providing new 
solutions to chemical toxicity evaluations based on data-driven 
mechanistic modeling. For example, we developed predictive ma-
chine learning and deep learning models for animal acute toxici-
ty, developmental toxicity, and human hepatotoxicity using both 
chemical structure information and public big data. One of these 
studies was to use a knowledgebase deep neural network (k-DNN) 
approach to simulate the adverse outcome pathways that can in-
duce rodent uterotrophic bioactivity, The resulted computation-
al toxicity models can predict the rodent uterotrophic bioactivity 
through illustrating toxicity mechanisms by constructing various 
adverse outcome pathways for all predicted toxicants. To strength-
en the model predictions, we implement new modeling approach-
es that can incorporate dose dependent toxicity responses and tox-
icokinetics data (e.g. chemical exposure plasma concentrations) 
into the chemical risk assessments.

The big data mining, analysis, and modeling techniques in these 
studies advanced artificial intelligence in the big data era, which 
has paved the road to future computational chemical toxicology 
and will have a significant impact on the risk assessment proce-
dure and public health.
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Artificial intelligence for 
regulatory science research
Weida Tong and Joshua Xu
FDA/NCTR, United States

weida.tong@fda.hhs.gov 

Artificial Intelligence (AI) is a broad concept of training machines 
to think and behave like humans. It consists of a wide range of sta-
tistical and machinal leaning approaches to learn from the exist-
ing data/information to predict future outcomes. It has impacted 
a board range of scientific disciplines that are important to public 
health, including toxicology. The rise of AI has also offered both 
opportunities and challenges to regulatory agencies with ques-
tions such as (1) how to assess and evaluate AI-based products and  
(2) how to develop and implement AI-based application to im-
prove the agencies functions. In this presentation, the current 
thinking and on-going efforts in the area of AI for risk assessment 
will be discussed with examples from FDA projects. The guiding 
principle and best practice of applying AI in regulatory science re-
search will also be discussed with respect to the context of use and 
fit-for-purpose application.
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Applying the RSPCA Roadmap  
to reducing severe suffering  
in practice – Case studies from 
a pharmaceutical company
Thomas Bertelsen
Novo Nordisk, Denmark

tsbt@novonordisk.com 

The use of animals in pharmaceutical research and development 
is a concern for Novo Nordisk, as it is for the public. Our research 
focuses on developing treatments for chronic conditions such as 
diabetes and hemophilia, involving animal models. We are com-
mitted to being open about animal use and working with a range 
of stakeholders to identify ways to minimize harms to animals and 
improve welfare [1].

We work on implementing all 3Rs and have successfully adapt-
ed the step-by-step process of the RSPCA “Roadmap” to reduce 
severe suffering in different research areas. The presentation will 
describe how the Roadmap was prospectively applied to three dif-
ferent types of animal model, within toxicology, a disease model 
and a surgical model. It will also include a summarized outline of 
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Patient biomimetic twins in  
precision medicine
D. Lansing Taylor1,2, Jadeep Behari3,4, Mark Miedel1 
and Alejandro Soto-Gutierrez1

1University of Pittsburgh, Pittsburgh, PA, United States; 2Drug Discovery 
Institute, Pittsburgh, PA, United States; 3University of Pittsburgh Medical 
Center, Pittsburgh, PA, United States; 4Fatty Liver, Obesity and Wellness 
Clinic, Pittsburgh, PA, United States

dltaylor@pitt.edu 

The heterogeneity of patient genetics, environment, and life-
style have made it challenging for creating safe and efficacious 
therapeutics for many common, chronic disorders. Also, exper-
imental animal models do not always recapitulate human dis-
ease and raise significant ethical and regulatory concerns. To ad-
dress these challenges, we have created patient-specific liver 
microphysiological systems (MPS) produced from primary hu-
man cells and patient-derived induced pluripotent stem cells  
(iPSCs) that are then differentiated into hepatocytes, endotheli-
al cells, stellate and Kupfer cells. We have created a 250-patient 
cohort with clinical phenotyping and linked to biospecimens for 
generating multimodal datasets to create “patient digital twins 
(PDTs)”. We have also generated patient-specific liver MPS from 
the same patients, “patient biomimetic twins (PBTs)”. We have re-
capitulated metabolic-dysfunction associated fatty liver disease  
(MAFLD) over a two-week period. We reproduce the patient en-
vironment and dietary and metabolic pattern based on the clinom-
ics data and define the glucose, insulin, free fatty acids (FFA) and 
immune activation molecules found in each patient for the media 
used in their PBT. We have quantified the level of steatosis and 
other metabolic dysfunctions, immune activation, and fibrosis in 
the PBTs with a variety of imaging, metabolomic, genomic and 
efflux media analyses. We are developing a semi-automated plat-
form for incubation, fluidic control, imaging, and efflux media 
sampling under the control of an analytics and database tool (Bio-
systics-Analytics Platform™). This integrated platform will be 
useful in investigating mechanisms of disease progression, toxi-
cology, drug discovery and optimized clinical trials for any disease 
MPS and coupled organ MPS.
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informing researchers about the possibility of preregistration for 
animal science and the benefits for their research, we have to con-
vince stakeholders to incentivize preregistration. Contributing to 
transparency has to become a value of its own, which needs to be 
rewarded by research institutions, funders, publishers, and regu-
lators.
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Advanced immunocompetent 
in vitro primary human lung 
models for toxicity assessment 
and infectious disease research
Samuel Constant
Epithelix, Switzerland

samuel.constant@epithelix.com 

The main function of the human airway epithelium is to generate 
sterile atmosphere for the alveolar region where the gas exchange 
occurs. As first line of defense against airborne pathogens or xe-
nobiotics, the airway epithelium acts not only as key physical bar-
rier endowed with mucociliary clearance and innate host defense 
mechanisms, but also as an important immunoregulator through 
production of key messengers and physical interactions with im-
mune cells especially dendritic cells and macrophages.

We will describe the development and characterization, as well 
as the use of fully primary human cell-based co-culture models 
made of nasal, tracheal, bronchial, small-airways and alveolar epi-
thelia (MucilAir™, SmallAir™ and AlveolAir™) and dendritic or 
alveolar macrophages.

Several applications of these advanced immunocompetent 
ALI models will be discussed: (i) inhalation toxicity assessment 
with highlight on OECD Case study 367; (ii) screening of antivi-
ral drugs against SARS-CoV-2, rhinoviruses, influenza, RSV and 
flue; (iii) host-pathogen interactions in co-culture models of upper 
or lower airway Epithelium & Alveolar Macrophages using bac-
teria (Pseudomonas aeruginosa, Streptococcus pneumonia and 
Staphylococcus aureus) in context of new antibiotic development.
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a retrospective, post study application of the Roadmap. These case 
studies will demonstrate the wide applicability of the Roadmap as 
a refinement and analysis tool, whether it is used in a pharmaceuti-
cal company or academia.

The presentation will also explain how the Roadmap’s require-
ment for a team approach to reducing and avoiding severe suffer-
ing facilitates open, constructive dialogue between scientists and 
animal technologists and care staff. This leads to better under-
standing and respect between people holding different roles with-
in an establishment, which supports the Culture of Care and facil-
itates all 3Rs.

Reference
[1] https://novonordisk.com/science-and-technology/bioethics/

animal-ethics.html 
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Preregistration in animal research – 
Critical evaluation of the current state
Céline Heinl
Federal Institute for Risk Assessment (BfR), German Centre for the 
Protection of Laboratory Animals (Bf3R), Berlin, Germany

celine.heinl@bfr.bund.de 

Before planning an animal study, scientists should thoroughly 
evaluate the present state of research by a systematic review of the 
current literature. If they conclude that animal experiments are still 
necessary to answer a crucial question, maximizing the knowledge 
gained out of these experiments should be of highest priority. Pre-
registration can effectively improve the validity and transparency 
of research and should become the norm in animal research. Pre-
registration is mandatory for most clinical trials and widely accept-
ed in other disciplines like psychology.

Three registries already encourage the preregistration of animal 
research, i.e., preclinicaltrials.eu, open science framework reg-
istry and animalstudyregistry.org. These registries have now es-
tablished eight common standards to guarantee the quality of pre-
registration for animal research. Registries should ensure pub-
lic accessibility, transparency in their financial sources, tracking 
of changes, and warranty and sustainability of data (Heinl et al., 
2022, PNAS Nexus 1(1)). Stakeholders recommending preregis-
tration can now refer to these published standards.

The infrastructure for preregistration in animal research was es-
tablished in the last years but we have now to critically evaluate 
why animal scientist are still hesitant about preregistration. It will 
therefore be crucial to analyze current barriers and to demonstrate 
the effectivity of preregistration for the research quality. Beyond 
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Accelerating the transition to  
animal-free NGRA: A transformative 
governance approach
Merel Ritskes-Hoitinga1,2, Ingrid Visseren-Hamakers3, 
Kristie O’Neill3, Love Hansell3 and Justine Watkins1

1Utrecht University, Faculty of Veterinary Medicine, IRAS tox, Utrecht, 
The Netherlands; 2Aarhus University, Department of Clinical Medicine, 
AUGUST, Aarhus, Denmark; 3Radboud University, Nijmegen School of 
Management, Nijmegen, The Netherlands

j.ritskes-hoitinga@uu.nl 

The aim of this research project is to contribute to the accelera-
tion of the transition to animal-free safety assessment for chem-
icals and pharmaceuticals in the EU and the USA by applying a 
transformative governance approach. The project will contribute 
to solving the problem of low acceptance and implementation of 
animal-free safety assessment, leading to more competence and 
trust. The project encompasses the work of 2 PhD students and one 
postdoc embedded in a large consortium of stakeholders covering 
“all” scientific fields and stakeholder levels, such as academia, in-
dustry, NGOs, and regulatory bodies.

Transformative governance is focused on the underlying causes 
of societal problems and incorporates three levels of transitions. 
The project operationalizes these niche, regime and landscape lev-
els as follows. At the niche level, it develops the transdisciplinary 
knowledge needed to demonstrate the usability and applicability 
of Next Generation Risk Assessment (NGRA) for chemicals and 
pharmaceuticals. At the regime level, it facilitates the (regulato-
ry) acceptance of NGRA for chemicals and pharmaceuticals and 
draws broader lessons for the transition to animal-free safety as-
sessment. At the landscape level, the project analyzes the societal 
underlying causes of the lack of progress, with a focus on the val-
ues, convictions and interests of different societal groups. Envi-
sioned scientific breakthroughs are that evidence is provided that 
NGRA represents a better scientific approach to safety assessment 
than animal studies and will be accepted and implemented at the 
regulatory level. In our presentation the scientific plans and first 
results will be presented.
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A “Roadmap” approach to help  
end “severe” suffering
Penny Hawkins
RSPCA, United Kingdom

penny.hawkins@rspca.org.uk 

Any level of laboratory animal suffering is a concern for the sci-
entific community and public, and reducing and avoiding “severe” 
suffering (Canadian Category D/E; USA Category E) should be a 
top priority. The “Focus on Severe Suffering” project – support-
ed by scientists, animal technologists, regulators and lab animal 
veterinarians – takes a strategic approach to this important animal 
welfare and ethical issue.

The project initially identified three potential causes of “severe” 
suffering: (i) inherently severe procedures, e.g., some sepsis mod-
els, (ii) mortality and (iii) “cumulative” effects that can become 
severe. The next step was developing a practical “Roadmap” ex-
ercise to enable institutions to critically review procedures that 
could cause “severe” suffering, identify contributing factors and 
find ways of avoiding or refining these.

A key principle of the Roadmap [1] is an “audit” of procedures, 
by an in-house team of people with different expertise and per-
spectives. This involves reviewing the animal’s lifetime expe-
riences, identifying every source of potential suffering and im-
plementing refinement for each one. Comprehensive guidance is 
available online and users report that they have successfully em-
ployed the Roadmap to reduce and avoid severe suffering. This 
has helped achieve an overall 61% reduction in “severe” experi-
mental procedures in the UK between 2014 and 2020 [2], and its 
strategic approach can be applied globally. The presentation will 
explain how the Roadmap works, and how to find and use the on-
line resources, enabling participants to implement practical refine-
ments at their own institutions.

References
[1] focusonseveresuffering.co.uk/roadmap 
[2] Animals in science statistics – GOV.UK
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Japan’s approach for applying 
MPS as a wet-simulator in 
chemical risk assessment
Seiichi Ishida1,2, Takumi Kubo1, Kensei Suzuki1, Ayaka 
Nagayoshi1, Shinichiro Horiuchi2, Yukie Kuroda2, 
Yuji Komizu1, Taku Matsushita1, Kaoru Sato2, Yoko 
Hirabayashi2 and Daiju Yamazaki2
1Sojo University, Japan; 2National Institute of Health Sciences, Japan

ishida-s@bio.sojo-u.ac.jp 

Chemical risk assessment, for which alternative methods to animal 
tests are being developed, is now introducing IATA, which com-
bines several in vitro tests developed based on AOP key events. 
Consideration of weight of each test for their combination, it is im-
portant to predict the kinetics and the distribution of chemicals in 
the body and tissues. Currently, applications of prediction systems 
based on in silico models are being proposed, but most of them 
have been developed by clinical data of pharmaceutics. As human 
pharmacokinetic data of chemical substances are scarce, the de-
velopment of wet-simulators is helpful to obtain parameters for in 
silico model prediction. MPS is one of such candidates. In Japan, 
the AMED-MPS2 project, led by AMED (Japan Agency for Med-
ical Research and Development), is developing a first-pass model 
utilizing gut-liver co-culture MPS developed by Japanese research 
laboratories. The “points to consider” for the implementation of 
this model to industry and regulation sections, which are discuss-
ing in another AMED project: MPS-RS (regulatory science) proj-
ect, will be presented along with their evaluation methods and re-
sults of the study.

References
[1] Ishida (2021). Research and development of microphysiolog-

ical systems in Japan supported by the AMED-MPS project. 
Front Toxicol. 

[2] Horiuchi, Kuroda, Komizu et al. (2023). Consideration of 
commercially available hepatocytes as cell sources for liv-
er-microphysiological systems by comparing liver character-
istics. Pharmaceutics.
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Transcriptomic biomarker  
validation efforts: Lessons learned 
from a decade of research on  
the TGx-DDI biomarker for 
detecting DNA damaging agents
Carole Yauk1 and TGx-DDI Working Group, Emerging 
Systems Toxicology in the Assessment of Risk 
Committee2

1University of Ottawa, Ottawa, Canada; 2Health and Environmental 
Sciences Institute, United States

carole.yauk@uottawa.ca 

Establishing acceptable approaches for the use of in vitro tran-
scriptomics in regulatory evaluation is critical to eliminating an-
imal testing. Transcriptomic biomarkers have emerged as objec-
tive tools to efficiently analyze and interpret complex gene ex-
pression profiles. The TGx-DDI biomarker is an extensively 
validated and widely used transcriptomic biomarker. TGx-DDI  
distinguishes DNA damage-inducing (DDI) from non-DDI 
chemicals based on changes in the expression of 64 biomarker 
genes in human cells in culture. The biomarker’s proposed con-
texts of use include mode of action analyses, integrated testing 
and assessment, and chemical screening and prioritization. Ef-
forts to validate and promote regulatory adoption of TGx-DDI 
have been championed by the nonprofit Health and Environ-
mental Sciences Institute (HESI) Emerging Systems Toxicolo-
gy in the Assessment of Risk (eSTAR) Committee for over a de-
cade. Extensive validation work (> 100 chemicals) established  
TGx-DDI applicability across a variety of transcriptomic technol-
ogies in TK6 and HepaRG cells. Case studies have demonstrat-
ed utility in different decision-making contexts. The eSTAR Com-
mittee recognized that a significant challenge to industry and reg-
ulatory agencies is interpretation of positive findings for in vitro 
chromosome damage assays when compounds produce a negative 
Ames and in vivo micronucleus tests. The Committee received en-
dorsement via the US Food and Drug Administration (FDA) Bio-
marker Qualification Program to qualify TGx-DDI as an optional 
exploratory assay to de-risk compounds that exhibit these charac-
teristics. The Committee is conducting a ring-trial to finalize FDA 
qualification for this application. This presentation will summarize 
lessons learned from these experiences, which we hope facilitates 
regulatory adoption of future biomarkers.
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Critical role of toxicokinetics 
and ADME methods in 
quantifying exposure for next 
generation risk assessment
Andreas Schepky1, Abdulkarim Najjar2 and Daniela 
Lange3

1Beiersdorf AG, Global toxicology, Germany; 2Beiersdorf AG, Digital 
toxicology, Germany; 3Beiersdorf AG, Dermal toxicology, Germany

andreas.schepky@beiersdorf.com 

Besides ethical considerations, scientific reasons have led to a 
worldwide shift towards human health safety assessments of chem-
icals without using animal testing. The Next Generation Risk As-
sessment (NGRA) approach is exposure-led and hypothesis-driv-
en, based on the combination of non-animal data derived from in 
silico, in chemico and in vitro methodologies named “New Ap-
proach Methodologies” or “NAMs”. To come to a reliable assess-
ment within NGRA, an estimate of the internal exposure should 
be provided. That requires implementations of a variety of ADME 
tools (in vitro parameterization and in silico simulations) to convert 
human external exposure from multiple routes (dermal, inhalation) 
to concentration-time profiles within blood and specific organs. In 
this presentation, the progress towards modern ADME tools will 
be shown and it will be demonstrated how its application impacts 
highly on successful NGRA of chemicals, e.g., UV filters. Addi-
tionally, the roles of ADME, in vitro and in silico simulations, on 
internal Threshold of Toxicological Concern (iTTC) will be dis-
cussed. Furthermore, the possible impact of Lab-on Chip on tox-
icokinetics and its possible benefit on NGRA will be briefly dis-
cussed.
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Leveraging big data and distribution  
approaches for  
environmental risk assessment
Kristin Connors1, Connie Mitchell2 and Michelle 
Embry2

1The Procter & Gamble Company, United States; 2HESI, United States

connors.ka@pg.com 

Risk assessment of chemicals involves an assessment of toxicity, 
exposure and the resulting likelihood of observing an adverse re-
sponse. It also requires ethical and resource consideration as to how 
much data are attainable and should be derived (e.g., via use of an-
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Spinosad: A physiologically-based 
pharmacokinetic (PBPK) model 
in the rat and human including 
the pregnancy life-stage
Jeanne Domoradzki1 and Marco Corvaro2

1Corteva Agriscience, United States; 2Corteva Agriscience, Italy

jeanne.domoradzki@corteva.com 

A physiologically-based pharmacokinetic (PBPK) model was 
developed in R for the insecticide Spinosad (mixture of Spino-
syns A and D). The model simulates dosimetry for rats and hu-
mans, including physiological changes during pregnancy. Treat-
ment with Spinosad was associated with parturition (dysto-
cia) in a 2-generation rat study at 100 (but not at 3 or 10) mg/kg  
bw/day; further mechanistic work demonstrated these are poten-
tially receptor-mediated (threshold) effects on rat uterine contrac-
tility. The goal of this PBPK model was to estimate uterine con-
centrations during pregnancy for rats and humans. Standard pa-
rameters and equations were used for organ volumes, cardiac 
output, and tissue blood flow, including how these change during 
pregnancy. The model simulates saturable metabolism of Spino-
syn A and Spinosyn B (the two most prevalent “spinosyn” factors 
observed in vivo), including the formation of Spinosyn B from 
A via saturable elimination of CYP-based metabolism as well as 
biliary clearance (primarily as direct glutathione conjugation). 
The model was fit using blood, plasma, and uterine concentra-
tion data from a single dose rat gavage study at gestation day 20 
(GD20) and validated using a repeat dose rat gavage study from  
GD17-GD20, a rat dietary study from GD6-GD20, and a dermal 
exposure study among healthy adults. The sum of the Spinosyn 
A and B mean uterine concentrations for rats was approximately  
5- to 15-fold higher than the predicted values for humans, suggest-
ing that the uterine concentrations are higher for rats compared to 
humans in a dose level range corresponding to the rat 2-generation 
NO(A)EL and LOAEL.
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The current and future role of 
OECD in chemicals assessment
Anne Gourmelon
OECD, Paris, France

anne.gourmelon@oecd.org 

The OECD has been an international hub for the harmonization of 
toxicology methods for evaluating the potential hazard of chemi-
cals to humans and the environment for 50 years. Currently OECD 
devotes considerable resources to promote and eventually stan-
dardize new approach methods (NAMs), and to develop guidance 
for conducting studies, reporting and using NAMs in regulatory 
decision-making. I will reflect on recent advances of the OECD 
Adverse Outcome Pathway (AOP) Programme and how it helps 
developing frameworks for organizing complex data and design-
ing integrated approaches to testing and assessment. With member 
countries, OECD is also developing an ecosystem of interopera-
ble, freely accessible electronic tools that facilitate sharing of da-
ta and predicting chemical effects. OECD has also recently pub-
lished a number of standardized reporting templates to increase the 
uptake of a variety of NAM data. Ultimately, I will describe the 
roadmap to streamline the review, validation and standardization 
of new approach methods for use in regulatory decision-making 
and discuss the role of OECD in the envisioned future of chemi-
cals assessment.
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A complete curriculum: Introducing 
the 3Rs in secondary school
Juliane Pearson
National Anti-Vivisection Society, United States

jpearson@navs.org 

To improve animal welfare and reduce reliance on animal models 
in science and education, an effort must be made to teach the next 
generation about the 3Rs principles – replacement, reduction, and 
refinement of animal use – and progress that is being made with 
non-animal models in scientific research and education. We need a 
structured plan that introduces students to humane research meth-
ods before they enter university, where reliance on animal models 
is normalized.

To address this need, we assembled a team of teachers, subject 
matter experts, and curriculum developers to design a humane ed-
ucation curriculum: “Animal Use in Science: Exploring the 3Rs.” 
The curriculum introduces secondary school students to the 3Rs 

imal testing) versus what is considered an acceptable level of ex-
trapolation. The threshold for toxicological concern (TTC) can be 
used to establish an exposure level below which no risk is expect-
ed based on existing data for chemicals within a similar grouping. 
TTCs have been used in various human health applications for ma-
ny years, however, application in the ecological space is relative-
ly new. The EnviroTox database was built specifically to explore 
the application of this concept, bringing together over 80K aquatic 
ecotoxicity data for 4200+ chemicals across 1641 aquatic species. 
This tool also allows for the building of statistical distributions of 
either toxicity hazard values (chemical toxicity distributions; CTD) 
or PNECs (ecological TTC; ecoTTC). This presentation will high-
light the use and application of these approaches with a case study 
on water quality criteria for benzene-type narcotic chemicals. HC5 
values for each distribution method were derived for each group 
were derived using the EnviroTox database and compared to cor-
responding regulatory values. This analysis allows a quantitative 
evaluation of the degree of conservatism in ecoTTC and CTD ap-
proaches and explores the potential for grouped methods to derive 
criteria values.
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Keeping toxicology education 
relevant in the 21st century
Gina Hilton
PETA Science Consortium International e.V., United States

ginah@thepsci.eu 

In vitro and in silico expertise are increasingly necessary in the field 
of toxicology; however, outdated graduate curriculums are not pro-
viding students with the skills needed to excel in today’s landscape. 
This has led to a need to re-examine current education practices 
with the intention to update undergraduate and graduate education 
programs such that early career scientists enter the work force with 
fundamental training in modern, scientifically relevant test meth-
ods, as well as a basic understanding of regulatory implementation 
of new methods for decision-making. This presentation offers in-
sight into opportunities to 1) provide educators with the help need-
ed to update their toxicology program courses and curriculums,  
2) bring awareness to existing forums to connect educators with tox-
icologists who have expertise in in vitro and in silico testing, and  
3) improve outreach between students and researchers who leverage 
cutting-edge technologies that improve public health and environ-
mental safety. The presentation will be of interest to students and es-
tablished scientists from any sector interested in sharing modern ap-
proaches to safety assessment with students, so that together we can 
build a roadmap to train the next generation of toxicologists.
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Study Foundation, a certified IACUC member compliance training 
provider, has issued over 1,500 certificates since 2018 and report-
ed these records to the Animal and Plant Quarantine Agency quar-
terly. This paper will summarize the key changes of the Animal 
Protection Act relating to animal use and lessons learned from our 
IACUC member training program aiming to enhance regulatory 
compliance with the Three Rs principles.
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Vascularization of multi-organ-
on-chips with blood and lymphatic 
endothelial cells for the generation 
of immunocompetent skin models
Jasper Koning1, Jonas Jager1, Maria Thon1, Katharina 
Schimek2 and Sue Gibbs1

1Amsterdam University Medical Center, Amsterdam, The Netherlands; 
2TissUse GmbH, Berlin, Germany

s.gibbs@amsterdamumc.nl 

Background: 3D human skin models fail to include both blood 
(BEC) and lymphatic (LEC) endothelial cells despite their essen-
tial role for homeostasis and immune responses, limiting their rele-
vance for disease modeling and safety testing.

Aim: Establish a method for vascularization of organ-on-chip 
microfluidics with human BECs or LECs which allows long term 
culturing under physiologic flow conditions for immune compe-
tent (multi-) organ-on-chip models.

Methods: Primary human skin endothelial cells were separated 
into BECS and LECs, expanded to generate, used to vascularize 
multi-organ-on-chip microfluidic bioreactors and cultured for 14 
days under dynamic flow mimicking blood and lymph flow pres-
sures.

Results: Large numbers of highly pure BECS and LECs were 
obtained and used to vascularize organ-on-chip devices. Upon 
prolonged culture, cells retained their endothelial specific pheno-
type. Mimicking blood vessel flow induced morphological chang-
es as cells aligned in the direction of the flow, while this does 
not occur when applying lower lymphatic vessel flow. BEC and 
LEC biomarker expression of was clearly different but not influ-
enced by flow conditions. BECs and LECs respond to inflammato-
ry conditions by upregulating soluble ICAM, VCAM, CCL2 and  
IL-6. While mRNA levels of endothelial junction markers (Cldn5, 
VEcadh, ZO1) did not change in BECs and LECs, the LEC specif-
ic marker Prox-1 was clearly reduced in LECs upon inflammato-
ry conditions.

Conclusion: The presented method can be used to further en-
hance organ-on-chip models through the incorporation of func-

and covers how animals are used in science, testing, and education 
in the United States.

The curriculum consists of eight modules that explore the 3Rs 
and related topics such as the use of animals in cosmetics testing, 
the environmental impact of using animal models, and legal and 
regulatory guidance for the use of animals in research. The mod-
ules can be taught separately or in combination, giving educators 
flexibility to choose their focus. All of the modules were designed 
to align with key national standards in the U.S., including Next 
Generation Science Standards.

During the session, we will share curriculum teaching plans, 
learning materials, and performance assessment tasks with at-
tendees. In addition to showcasing traditional handouts and slide 
decks, we will also share interactive eLearning modules devel-
oped to augment the curriculum.
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New Korean legal mandates on 
IACUC qualification and compliance 
training programs to enhance the 
Three Rs principles: 2022 amendment 
of the Animal Protection Act
Gwi Hyang Lee1,2, Heui-Jin Kim3 and Byung In Choe1

1Nicholas Cardinal Cheong Graduate School for Life, The Catholic 
University of Korea, South Korea; 2BIC Study Foundation, South Korea; 
3Animal Protection & Welfare Division, Animal and Plant Quarantine 
Agency, Ministry of Agriculture, Food and Rural Affairs, South Korea

gwihyanglee@gmail.com 

Over the past several decades, good research practice with labora-
tory animal welfare has become a societal and political concern in 
the field of science nationally and globally. However, governing 
rules for the use of laboratory animals are contingent on the re-
search culture and traditions. While the Animal Protection Act in 
Korea was enacted in 1991, a framework for oversight of laborato-
ry animal care and humane use applying the Three Rs and ethical 
review in the research, testing, and education has been applied since 
2008. Based on the 2021 government annual report, 481 IACUCs  
were registered, and 4,880,252 animals were used in Korea. Driv-
en by both scientific needs and public concerns relating to respon-
sible science and minimizing animal harm, a total amendment of 
the Animal Protection Act will be enforced from 27 April 2023. 
To be a legally qualified IACUC member, one must show a 4-hour 
compliance training certificate conducted by the Animal and Plant 
Quarantine Agency or a designated education provider. In one of 
the Animal Protection Act amendments, additional training re-
quirements for the acting IACUC members are enforced. The BIC 
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Development of an internal 
granting program for proactive 
3Rs advancement
Brianna Gaskill and Jennifer Lofgren
Novartis Institute for Biomedical Research, United States

brianna.gaskill@novartis.com 

Novartis scientists expressed a desire for a program which provid-
ed resources to encourage 3Rs initiatives that would also benefit 
their research, increase awareness of the 3Rs, and improve data 
quality. Novartis leadership supported this request by establish-
ing a program supporting the proactive development or incorpora-
tion of 3Rs techniques or technology into the drug discovery and 
development research process: the Innovation in 3Rs Grant pro-
gram. In its inaugural year, the program received proposals from 
4 global sites and 16 disease or functional areas, spanning each of 
the 3Rs. Applications were first evaluated on creativity and impact 
by an internal scientific review board. Selected applications next 
met with research stakeholders, such as the IACUC and biostatisti-
cians, where applicable. Finalists then presented a detailed plan of 
their project and were evaluated for scientific rigor and feasibility. 
Five projects were ultimately selected for funding. Three applica-
tions utilized non-animal models (organoids, organ on a chip, and 
AI software) that will Reduce the number of animals needed for 
that type of research. Two projects investigated new strategies to 
improve post-operative care of mice and identify earlier humane 
endpoints to Refine and improve the animal’s experience on study. 
Grant recipients and their scientific line managers report the grants 
de-risked piloting new technologies and methodologies that may 
not only bring 3Rs advancements to their research but also im-
prove operational efficiency and enhance data quality. The Innova-
tion in 3Rs Grant program is a unique approach to inspire and sup-
port scientists to explore new 3Rs approaches in drug discovery.
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Professional advantages of AOP 
development for graduate students
Hao Zhu
Rowan University, Glassboro, NJ, United States

hope_usw@yahoo.com 

In regional universities, graduate program education needs to be 
offered to part-time students. For example, 56% graduate students 
(2,063 out of 3,715) are part-time students at Rowan University in 
2023. These graduate students have full time jobs and can only use 

tional blood and lymphatic endothelial cells. This will result in rel-
evant healthy and diseased tissue models to investigate human dis-
ease and safety testing.
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The right tool for the job:  
Why and how to adapt your  
science communication for  
in-person and virtual events
Matteo Piumatti and François Busquet
Altertox Academy, Brussels, Belgium

matteo@altertox.be 

More than ever, the challenges science communicators face nowa-
days remain daunting: they need to reach out to various audiences 
with different interests, simplify the message without losing accu-
racy and engage multiple communities.

To overcome these hurdles, applying different tools is crucial 
since each is best suited for specific situations. Moreover, in-per-
son events could work better than virtual ones depending on the 
communication objectives, even if they add new challenges.

Unfortunately, there is no secret recipe to master every action 
within science communication. Much trial and error are often re-
quired to learn which is best for each situation.

In this talk, I will describe the formats encountered and prac-
ticed in my journey in science communication, as well as recent 
experiences with two innovative tools for science communication 
in toxicology and animal replacement: the live streaming show 
TOXstreams and the card game TATAbox.

I will focus on the differences between in-person and virtual 
events, drawing from my experience. For example, my activities 
with the science outreach organization Pint of Science Belgium 
and my participation in the “I love science festival” in Brussels 
during my professional work.

At the same time, I will describe my experience with podcasts 
and videos. More specifically, my live streaming show TOX-
streams merges elements from live talk shows, journalistic emis-
sions and stand-up comedy.

Science communicators need to understand that each person we 
engage with is different, and only practicing with new activities 
will help us and our community to grow and keep the momentum.
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incorporated to evaluate the potential of topically applied chemi-
cals to cause endocrine disruption. This combination of models in 
the HUMIMIC Chip3 is new; therefore, we describe here how it 
was optimized using two chemicals known to inhibit thyroid pro-
duction, daidzein and genistein. The MPS was comprised of Phe-
nion® Full Thickness skin, liver spheroids and thyroid follicles co- 
cultured in the TissUse HUMIMIC Chip3. Endocrine disrup-
tion effects were determined according to changes in thyroid 
hormones, thyroxine (T4) and 3,3’,5-triiodothyronine (T3). The 
skin-liver-thyroid Chip3 model was used to determine a consum-
er-relevant exposure to daidzein present in a body lotion based on 
thyroid effects. A “safe dose” of 0.235 µg/cm2, i.e., 0.047% ap-
plied in 0.5 mg/cm2 of body lotion was the highest concentration 
of daidzein which does not result in changes in T3 and T4 levels. 
This concentration correlated well with the value considered safe 
by regulators. In conclusion, the Chip3 model enabled the incorpo-
ration of the relevant exposure route, metabolism in the skin and 
liver, and the bioactivity endpoint into a single model. These con-
ditions are closer to those in vivo than 2D cell/tissue assays lack-
ing metabolic function. Importantly, it also allowed the assessment 
of repeated doses of chemical and a direct comparison of system-
ic and tissue concentrations with toxicodynamic effects over time, 
which is more realistic and relevant for safety assessment.
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Evaluating skin sensitization hazard 
of diverse chemicals using GARDskin
Emily N. Reinke1, Judy Strickland1, Jim Truax1, Kim 
T. To1, Travis Gulledge2, Victor J. Johnson3, Olivia 
Larne4, Henrik Johansson4, Andy Forreryd4, David G. 
Allen1, Nicole C. Kleinstreuer5 and Dori Germolec6
1Inotiv-RTP, United States; 2Torque Bio, United States; 3Burleson Research 
Technologies, Inc., United States; 4SenzaGen AB, Sweden; 5NIH/NIEHS/
DTT/PTB/NICEATM, United States; 6NIH/NIEHS/DTT/STB/NICEATM, 
United States

emily.reinke@inotivco.com 

Multiple U.S. agencies require that chemicals be assessed for skin 
sensitization potential, although specific requirements vary based 
on the remit of an agency’s chemical evaluation and management 
programs. Determination of skin sensitization hazard and potency 
using data from non-animal models adopted by OECD is gaining 
interest. The recently accepted GARDskin is the first assay based 
on genomics and machine-learning algorithms to make hazard 
predictions. Validation of the GARDskin required openness and 
transparency to verify the performance of the prediction model. 
NICEATM and collaborators tested 30 “challenging” chemicals 
in the GARDskin assay to potentially expand the applicability do-

free periods to take courses and even work for research projects. 
The urgent requirements of these students are not only a flexible 
course schedule in the evenings but the feasibility to finish the re-
search works off campus.

In the past decade, the adverse outcome pathway (AOP) frame-
work has provided mechanistic extrapolations of chemical tox-
icity. The AOP is a theoretical concept linking molecular initiat-
ing events to adverse outcomes through intermediate key events. 
There are many AOP data sources, modeling tools and education 
materials developed, and publicly available. There have been over 
100 graduate students enrolled in my informatics class in the past 
eight years. The current available AOP resources, such as Pub-
Chem, AOP-Wiki, ToxCast and etc., were extensively involved 
in this class. The chemistry, biology, toxicology and computation-
al components of AOP are well suitable for multidisciplinary stu-
dents. Although the students are required to attend in lectures on 
campus, they are able to finish assignments at home using the on-
line resources. Furthermore, ten students chose the computation-
al toxicology area to get their master or PhD degrees. These ef-
forts resulted in 15 peer reviewed scientific research papers of 
AOP modeling. The AOP research, which can even be performed 
at home, greatly advanced and strengthened the newly graduate 
programs in Rowan University.
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Development of a microphysiological 
skin-liver-thyroid Chip3 and its 
application to evaluate the effects 
on thyroid hormones of topically 
applied cosmetic ingredients under 
consumer-relevant conditions
Thi Phuong Tao1, Ilka Maschmeyer1, Edward 
LeCluyse2, Eda Rogers2, Katrin Brandmair3, Silke 
Gerlach3, Julia Przibilla4, Fredy Kern4, Camille 
Genies5, Carine Jaques5, Abdulkarim Najjar3, Andreas 
Schepky3, Uwe Marx1, Jochen Kühnl3, Nicola Hewitt6 
and Leopold Koenig1

1TissUse GmbH, Berlin, Germany; 2LifeNet Health, United States; 
3Beiersdorf AG, Hamburg, Germany; 4Pharmacelsus GmbH, Germany; 
5Pierre Fabre Dermo-Cosmétique, France; 6Cosmetics Europe, Brussels, 
Belgium

thi-phuong.tao@tissuse.com 

All cosmetic ingredients registered in Europe must be evaluated 
for their safety using non-animal methods. Microphysiological 
systems (MPS) offer a more complex higher tier model to evalu-
ate chemicals. We investigated whether thyroid follicles could be 
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across categories for chemicals with multiple studies and exposure 
types. The curated data will be made publicly available and used 
for a collaborative modeling effort to predict continuous, binary, 
and multicategory endpoints based on the regulatory use of the 
LC50 value for hazard assessment. The development and curation 
of this acute inhalation database for consensus models will support 
progress in the use of NAMs for regulatory decision-making. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Defined approaches for  
GHS categorization to assess 
eye irritation potential of 
agrochemical formulations
Amber Daniel1, Anna van der Zalm2, Hans Raabe3, 
Amy J. Clippinger2, Nicole Kleinstreuer4 and David 
Allen1
1Inotiv, United States; 2PETA Science Consortium International e.V., 
Germany; 3Institute for In Vitro Sciences, United States; 4NIH/NIEHS/
DTT/PTB/NICEATM, United States

Amber.Daniel@inotivco.com 

Accuracy of non-animal alternatives for assessing eye irritation 
has historically been determined by comparison to the Draize rab-
bit eye test. However, because of the rabbit test’s demonstrated 
lack of reproducibility and human relevance, there has been move-
ment away from evaluating alternatives via one-to-one compari-
sons with it, in favor of evaluating based on the reliability and hu-
man-relevance of the method. We used a common set of non-an-
imal assays in a multi-phase study to assess the eye irritation 
potential of agrochemical formulations. Test articles represented 
major agrochemical formulation types and the complete range of 
GHS eye irritation hazard classifications. Assays were selected for 
inclusion based on their relevance to humans, and results were as-
sessed to determine which assays should advance to subsequent 
testing phases. A total of 29 formulations were tested in as ma-
ny as five assays: bovine corneal opacity and permeability (with 
histopathology), EpiOcular, SkinEthic Time-to-Toxicity, in vitro 
depth of injury, and EyeIRR-IS. Data generated were used to an-
alyze alignment of predictions across non-animal assays and the 
rabbit test. Consensus GHS predictions were determined based on 
majority alignment among individual assay results (achieved for 
27 formulations). Interestingly, the historical rabbit test classifica-
tion differed from the consensus prediction for five formulations. 
This suggests that the rabbit test may not be a suitable reference 
method for deriving GHS eye irritation hazard classifications for 

main of the assay. Chemicals were nominated by NTP, EPA, the 
U.S. Consumer Product Safety Commission, and FDA. Results 
were compared to historical data from the mouse local lymph node 
assay (LLNA). Concordance of hazard classifications based on the 
LLNA was determined for classifications based on outcomes from 
three in vitro tests: the human cell line activation test (h-CLAT), 
direct peptide reactivity assay (DPRA), and KeratinoSens  
assay (KS). Against the LLNA, the GARDskin had sensitivity of 
86%, specificity of 42%, and accuracy of 64%. Comparatively, 
the DPRA, h-CLAT, and KS performance metrics ranged from 
40-54% for sensitivity, 22-47% for specificity, and 31-50% accu-
racy. Overall, the GARDskin predicted LLNA-based classifica-
tions with higher concordance than the other in vitro assays and 
appears to be useful for predicting skin sensitization hazard. As-
sessment of the suitability of GARDskin to be included in OECD 
Test Guideline 497 is ongoing. 

Project funding provided under NIEHS Contract Nos. 
HHSN273201500010C and HHSN27320140017C.
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Development and curation of an 
acute inhalation toxicity database
Emily N. Reinke1, Amber B. Daniel1, Victoria H. Hull1, 
Kim T. To1, Agnes L. Karmaus1, David G. Allen1, Kamel 
Mansouri2 and Nicole Kleinstreuer2

1Inotiv-RTP, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, United 
States

emily.reinke@inotivco.com 

Interest is increasing in using computational modeling tools to pre-
dict toxicity endpoints for regulatory decision-making. Develop-
ing such tools requires robust, well-curated, and chemically di-
verse training data. NICEATM has compiled and curated rat acute 
inhalation data for approximately 1700 chemicals from a variety 
of sources, including ECHA, EPA, the U.S. National Institute for 
Occupational Safety and Health, the U.S. Department of Defense, 
and PubChem/ChemIDPlus. We used manual and automated cu-
ration techniques to extract LC50 values and/or ranges. Metadata 
collected for each entry included exposure type, exposure route, 
species, sex, and number of animals tested. Duplicate studies were 
removed. All qualifying LC50 values were converted to 4-hour ex-
posures using Haber’s Law to allow for direct comparison to, and 
assignment of, GHS categories. For many studies, details were not 
available on whether the substance was delivered via aerosol, va-
por, or gas. Therefore, a rule-based decision process was applied to 
determine the GHS category of each chemical based on its phys-
icochemical properties. The data were analyzed for variability 
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Marseille Declaration: Together 
we prioritize animal welfare
Jan Ottesen1, Kerstin Kleinschmidt-Doerr2, Birgit 
Ledermann3, Frederic Christian Pipp2, Monica Burns4 

and Thomas Bertelsen1

1Novo Nordisk, Denmark; 2MerckGroup, Germany; 3Novartis, 
Switzerland; 4Novartis, United States

jlo@novonordisk.com 

It is fundamental that high standards of animal welfare and quali-
ty of work are maintained in the use of animals in science, without 
exception, for two reasons. First, because there is a moral obliga-
tion to avoid animal suffering. And second, because only psycho-
logically and physiologically healthy animals provide meaningful 
and reliable data. This health can only be achieved if husbandry 
conditions ensure that the basic species-specific needs for a com-
plex environment that provides adequate space for movement, so-
cial contact, nutrition, stimulation, and freedom from stress and 
disease are met.

Local legislation varies widely and is insufficient to ensure 
that these requirements for appropriate animal husbandry are met 
worldwide. For this reason, and to enable coordinated action with 
our partners in industry and academia, the signatories of the Mar-
seille Declaration have agreed to set out their objectives and pri-
orities about the welfare and husbandry conditions of laboratory 
animals.

The declaration is named because the initial signatories – Mer-
ck, Novartis, Novo Nordisk and Sanofi – agreed to this framework 
at the 2022 FELASA conference in Marseille. The declaration 
does not claim to be a concrete guideline or audit standard, nor 
does it claim to be complete. Rather, in 11 short sections, it out-
lines basic requirements that sometimes go beyond local legisla-
tion and that the signatory companies have defined as their expec-
tations of external partners working with animals on their behalf 
worldwide, including the requirement to meet at least the stan-
dards set by the EU for NHP, dogs and pigs.

Reference
https://www.merckgroup.com/en/sustainability/business-ethics/

marseille-declaration.html 
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agrochemical products. These data will support ongoing work to 
develop defined approaches for assessing eye irritation potential of 
agrochemical formulations. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Norecopa: A one-stop-shop for  
global 3R resources
Adrian Smith
Norecopa, Norway

adrian.smith@norecopa.no 

Today’s scientists face a constant “Niagara Falls” of information 
about novel methods which may advance the 3Rs – via scientific 
papers, congresses and social media, to mention a few. Norecopa  
offers an up-to-date, global overview of quality resources, orga-
nized in one large database with a sophisticated search engine 
(https://norecopa.no). The 9,000+ page website includes many  
data sets, some from the EU Commission and others produced by 
Norecopa itself. Among these are 3R Guide (an overview of over 
400 guidelines for animal research), NORINA (alternatives to ani-
mal use in education and training, at all levels from schools to uni-
versity and for research animal users) and EU collections of NAMs 
within cardiovascular and respiratory research. English-language 
newsletters are issued 7-8 times a year to inform users of the latest 
developments.

The site also hosts the PREPARE guidelines for planning re-
search: a checklist (in 34 languages) and a website with links to re-
sources for each item.

Norecopa also maintains a Refinement Wiki for those who want 
a portal for rapid dissemination and discussion (https://wiki.no 
recopa.no), the website of the International Culture of Care Net-
work (https://norecopa.no/coc), and an International Webinars and 
Meetings Calendar (https://norecopa.no/calendar).

Norecopa regularly holds presentations about these resources 
and has also produced a downloadable 40-page slide deck about 
the 3R principle.

Norecopa is an independent member organization, with a Board 
representing all four major stakeholders in animal research: reg-
ulatory authorities, industry, research and animal welfare. Nore-
copa aims to advance the 3Rs through consensus between these 
stakeholders, promoting understanding for the 3R principle.
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the PhEur. In 5.1.13. the MAT is the new test for pyrogens in  
Europe, for Endotoxin testing both classical BET or the new rFC 
can be used.

By this remarkable exercise both the MAT and the rFC become 
full compendial in Europe, and MAT is the new standard for py-
rogen testing. MAT and rFC are the new reality, and the future of 
global Pyrogen and Endotoxin testing. Other Pharmacopeias will 
follow sooner or later. The FDA modernization act and the dramat-
ic changes at USP give us hope.
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Educating risk assessors in  
the probabilistic risk 
assessment approach
Alexandra Maertens
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

amaerte1@jhu.edu 

Despite our growing appreciation of the complexity of both the 
dose-response relationship as more granular data for exposure pa-
rameters, human health risk assessment for most regulatory pur-
poses is still done in a largely deterministic way, with a heavy reli-
ance on averages for environmental concentrations, body weight, 
and estimated intake to produce a simple point estimate for risk. 
Any uncertainty within the data is simply dealt with by adding un-
certainty factors. Probabilistic risk assessment seeks to change this 
by dealing with uncertainty and variability more explicitly, pro-
ducing not a point estimate but a range outcomes and probabilities. 
However, this will almost certainly require new skill sets for risk 
assessors. For one, probabilistic risk assessors need to be equipped 
with statistical literacy to handle more complicated data. Addition-
ally, as toxicology switches to a more mechanistic, qAOP focus, 
this will require a more solid grounding in quantitative biology – a 
trend that is true for all the life sciences. Most importantly, prob-
abilistic risk assessment approaches require literacy in machine 
learning and data-driven approaches. Not every toxicologist or risk 
assessor needs to be an expert in deep learning or Bayesian statis-
tics – in fact most do not – but they will require understanding of 
how AI uses data and how to make sense of the outputs beyond 
simple summary statistics, how to benchmark AI performance, and 
how to understand both the strengths and weaknesses of AI ap-
proaches.
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Working towards the “essential 10”
Nikki Osborne
Responsible Research in Practice, United Kingdom

nikki@responsibleresearchinpractice.co.uk 

Within the laboratory animal sciences, we have some great best 
practice guidelines for planning (the PREPARE guidelines) and re-
porting (ARRIVE 2.0) animal studies. The ability to report “the 
essential 10” as defined within ARRIVE 2.0 (1. Study design;  
2. Sample size; 3. Inclusion and exclusion criteria; 4. Randomis-
ation; 5. Blinding; 6. Outcome measures; 7. Statistical methods; 
8. Experimental animals; 9. Experimental procedures; 10. Results) 
does not happen by chance. It requires planning, excellent commu-
nication and input from all members of the scientific and animal 
care team. In this presentation I will discuss what delivery of the 
“essential 10” means in practice. I will share freely available tools 
and resources to support implementation of the “essential 10”, plus 
some hints and tips that I have picked up during my own career 
working within the laboratory animal science sector.
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Europe enforces and supports 
in vitro methods
Ingo Spreitzer
Paul-Ehrlich-Institut, Langen, Germany

ingo_spreitzer@yahoo.de 

Pharmacopeias require a safety test for the exclusion of pyro-
gens (fever-inducing substances) in drugs, as these may induce 
life-threatening consequences in patients. Testing was initially per-
formed by the Rabbit Pyrogen test (RPT, animal test), and later 
largely replaced by the Bacterial Endotoxin Test (BET). The BET 
is not an animal test, but still its reagents are derived from endan-
gered wild-life species of horseshoe crabs.

Since 2010 the European Pharmacopeia (PhEur) includes the 
General Chapter 2.6.30. Monocyte Activation Test (MAT) as true 
in-vitro replacement of the RPT. Additionally in 2021 a recom-
binant version of BET (rFC) was introduced as General Chapter 
2.6.32.

The lack of MAT-implementation (which contradicts EU-Direc-
tive 2010/63) prompted the PhEur and its expert groups in 2021 
to start a whole new strategy for Pyrogen testing. The RPT will 
be deleted from 60 texts, and reference to the new Chapter 5.1.13. 
Pyrogenicity will be made. Until 2026 the RPT will vanish from 
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exercise on this matter in 2018 but as far as the authors are con-
cerned the results of the study were not published [1]. A category 
of individuals that is rarely targeted properly is the general public 
as well as teaching at primary and secondary school. JRC took care 
of the latter by providing learning scenarios to empower the teach-
ers [2]. Moreover, organising open days as well as participating in 
science festivals are great venues for reaching out the general pub-
lic. Still, there is space for creativity by providing other formats. 
At Altertox, a new concept and format is expected to complement 
the current “arsenal” of tools available. TATAbox is the first seri-
ous game meant to open a conversation about NAMs (New Ap-
proach Methodologies) and validation process in a fun and conviv-
ial environment. “TATABOX” (Towards Alternatives To Animal 
box) tiles are not meant to be exhaustive in terms of content as well 
as persona but rather a starting point for discussion with concrete 
items within a team on the process towards regulatory acceptance. 

References
[1] https://joint-research-centre.ec.europa.eu/jrc-news/eduction-

and-training-3rs-2018-02-27_en  
[2]  Introducing the Three Rs into secondary schools, universities. 

https://publications.jrc.ec.europa.eu › JRC123343
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EcoToxChip test system: 
A toxicogenomic new 
approach method (NAM) for 
chemical prioritization and 
environmental management
Niladri Basu1, Doug Crump2, Markus Hecker3, Jessica 
Head1, Natacha Hogan3, Jianguo Xia1, Gordon Hickey1 
and Steve Maguire4 

1McGill University, Canada; 2Environment and Climate Change Canada, 
Canada; 3University of Saskatchewan, Canada; 4University of Sydney, 
Australia 

niladri.basu@mcgill.ca 

Since 2016 our team has set forth to develop, test, validate, and 
commercialize toxicogenomic solutions (i.e., EcoToxChips, and 
a data evaluation tool EcoToxXplorer.ca) for the characterization, 
prioritization, and management of environmental chemicals and 
complex mixtures of regulatory concern. EcoToxChips have been 
developed for early life stage, ELS (and in vitro, when possible) 
model species representing key vertebrate groups in ecological 
risk assessment (fish-fathead minnow and rainbow trout; bird-Jap-
anese quail and double-crested cormorant; amphibian-Xeno-
pus laevis and Northern leopard frog). To date, more than 1,800  
EcoToxChips have been analyzed, and in this presentation we will 
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Strengthening the weight of evidence 
for fish embryo toxicity (FET) data  
to replace acute fish toxicity (SWiFT)
Adam Lillicrap
NIVA, Norway

ali@niva.no 

The acute fish toxicity test (AFT; OECD TG 203) is currently re-
quired for chemical hazard and risk assessment purposes accord-
ing to many different chemical legislations and regulations. The 
fish embryo toxicity test (FET; OECD TG 236) has been pro-
posed as an alternative to using juvenile fish to reduce the number 
of live animals required for hazard and risk assessments of chem-
icals. However, FET data are not yet accepted as a replacement 
for AFT data for regulatory purposes such as REACH. The Euro-
pean Chemicals Agency has recommended the development of a 
Weight of Evidence (WoE) approach for strengthening the ability 
of FET data to predict (juvenile) acute fish toxicity. To meet this 
challenge, we have developed a Bayesian network model (SWiFT) 
for using FET data with multiple lines of evidence in a probabilis-
tic WoE approach. A Bayesian network is a probabilistic graphi-
cal model that represents a set of variables and their conditional 
dependencies via a directed acyclic graph. The additional lines of 
evidence in this Bayesian network include data from fish gill cell-
line cytotoxicity assay, neurotoxicity, biotransformation, data on 
other organisms, read across and in silico predictions. As addition-
al evidence is included in the SWiFT model for the prediction of 
a given chemical’s ecotoxicity profile, both the accuracy and the 
precision of the predicted acute fish toxicity increases. The SWiFT 
model not only accurately predicts acute fish toxicity, but it also 
provides a tool for improving environmental hazard assessment of 
chemicals.
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Fun with NAMs
François Busquet 
Altertox, Brussels, Belgium 

valentin@altertox.be 

Education brings neither glory to the scientists nor a better h-index. 
Nevertheless, it is useful for multiple reasons such as knowledge 
sharing, capacity building and creation of an adequate ecosystem. 
Overall, one can admit that the education and training about 3Rs at 
university level has the merit to exist even if it could be possibly 
better advertised and communicated. The JRC launched a mapping 
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tic industry by helping list the alternative test methods developed 
and validated in Korea in the OECD TGs (TG442B, TG492 and 
TG439). KoCVAM will continue to spearhead the promotion of al-
ternative methods based on the 3R Principles. 

Funding Source: This research was supported by a grant  
(23214MFDS262) from Ministry of Food and Drug Safety in  
2023.
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The ecological risk classification 
approach for prioritizing organic 
substances in Canada:  
One giant leap for NAM-kind
Mark Bonnell 
ECCC, Canada 

mark.bonnell@ec.gc.ca 

ECCC has recently developed version 2.0 of the ERC (ERC2) for 
re-evaluating ~12,200 organics on the Canadian Domestic Sub-
stances List (DSL), which were not “categorized” as a concern us-
ing PBT metrics in 2006. ERC2 continues as a risk-based approach 
for prioritizing substances for future chemicals management activ-
ities such as risk assessment. The approach integrates many types 
of NAMs inside a confidence-based framework using rule-based 
logic routines to find consensus within and among in silico, in 
chemico, in vitro and in vivo data to classify hazard, exposure and 
risk as well as assign confidence and severity (a scaling metric) 
scores. All ERC2 data are contained in chemical profiles search-
able by CAS Registry Number (CAS RN). ERC2 is capable of 
profiling both a target chemical and its metabolites for certain haz-
ard endpoints. Hazard data are organized according to the adverse 
outcome pathway (AOP) framework to provide plausible mecha-
nistic reasoning for explaining adverse outcomes thereby increas-
ing regulatory confidence. Cross-species susceptibility is taken in-
to account when examining mechanistic data. Exposure data are 
organized at different spatial and temporal scales and used to help 
understand short vs long-term exposure using a regional scale mul-
timedia model. This presentation will pinpoint NAM integration in 
core ERC2 functionality. Results for risk assessment priority set-
ting, using a confidence-severity matrix and performance vs other 
hazard and risk approaches, is also presented.
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summarize key findings from our case studies covering 28 dis-
tinct chemicals and 4 complex environmental samples with a fo-
cus on: a) technical reproducibility; b) identification of chemical 
mechanism of action; c) derivation of transcriptomic points of de-
parture. Taken together, these diverse studies demonstrate how the 
EcoToxChip Test System can serve as a toxicogenomic New Ap-
proach Method that is accessible, standardized and user-validated. 
Importantly, many partners have regulatory interests, and so the 
case studies are helping us to purposefully design the Test System 
to be one that can be used quantitatively as a decision support tool 
in regulatory applications including chemical prioritization and 
guideline development. 

This study was conducted as a part of a large-scale Genome Can-
ada-funded project (EcoToxChip project – www.ecotoxchip.ca).
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KoCVAM’s accomplishments  
in development of the alternative 
methods listed in the OECD TGs 
and support for the introduction 
and utilization of non-animal 
alternative methods in Korea
Jae-ho Oh, NamHee Kang, Minhee Cha, So Young 
Yune and Yoonsook Lee 
Toxicological Screening & Testing Division, National Institute of Food 
and Drug Safety Evaluation, Ministry of Food and Drug Safety, Cheongju, 
Chungbuk, South Korea 

kocvam@korea.kr 

Korean center for the Validation of Alternative Methods  
(KoCVAM) has been operating within the Ministry of Food and 
Drug Safety (MFDS) since 2009. KoCVAM has exchanged opin-
ions and information with the ICATM partners in development 
and validation of alternative methods and provided inputs to draft 
OECD TGs. There are several acts in Korea (i.e., Cosmetics Act, 
etc.) that encourage the use of alternative methods for chemical 
testing and assessment. To promote alternative methods and sup-
port the utilization of the methods in Korea, KoCVAM has pub-
lished and provided education on guidelines based on the OECD 
TGs. In addition, KoCVAM has held annual training workshops on 
alternative methods to help domestic research institutions includ-
ing GLP facilities to utilize the methods. In addition, KoCVAM 
has contributed to enhancing the competitiveness of the domes-
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Accepting the separation of 
toxicology and statistics in new 
approach methodologies  
in ecological risk assessment
Sandy Raimondo 
US Environmental Protection Agency, United States 

raimondo.sandy@epa.gov 

As we move away from animal testing, we move towards a fu-
ture of models. In ecotoxicology, this requires a shift in the roles 
of toxicology and statistics; one that is underway yet faces resis-
tance by many who find themselves uncertain on how to view the 
defensibility of models poised to replace familiar animal tests. The 
leading edge of toxicology has shifted towards cellular and mo-
lecular endpoints, which require models to translate to biological 
responses applicable for risk assessors. Statistical models based 
on probability and data trends become more important in the anal-
ysis phases of ERA to help quantify uncertainty around numeric 
threshold values. In a reality where no model is “right”, how do we 
agree when models are useful for us to succeed in reducing animal 
testing and protecting the environment? Using Interspecies Cor-
relation Estimation (ICE) models for extrapolation of acute toxic-
ity in aquatic organisms as an example, the pros of simplicity and 
quantifiable accuracy are weighed against the unknown, unquanti-
fiable uncertainties of lost toxicological mechanisms. The validity 
of ICE models has been demonstrated by multiple, independent re-
searchers, yet toxicologists struggle with the absence of toxicolog-
ical mechanisms and model acceptance, creating impasse on mov-
ing the state of the science forward. The value and uncertainties of 
ICE models are weighed against the environmental consequences 
associated with limited data and inaction of government agencies. 
The challenges reviewed here highlight larger future challenges: 
As the ecotoxicology community remain at odds over simple sta-
tistical models, how will more complex NAMs ever be accepted?
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Restricted space does not  
have to mean restricted choice –  
Keeping monkeys happy!
Michelle Nelson and Rachel Ireland 
Dstl, United Kingdom 

mnelson@dstl.gov.uk 

The use of nonhuman primate models is pivotal to investigate 
drugs and/or vaccines for highly infectious pathogens prior to use 
in humans, especially when naturally occurring outbreaks of dis-
ease are rare and unpredictable. The most infectious and deadly 
pathogens need to be handled in high containment laboratories 
(Biosafety level 3 and 4) and therefore strategies are required to 
safely house infected animals whilst providing the animals with 
psychological support, mental and physical stimulation and pro-
moting natural behaviours. Callithrix jacchus (common marmo-
sets) are the nonhuman primate of choice at Dstl. Marmosets are 
housed in mixed-sex pairs in bespoke cages with a variety of envi-
ronmental enrichment. When animals are infected with pathogens, 
these cages are contained within negative-pressure, half-suit isola-
tors. Studies are refined by employing humane endpoints to reduce 
suffering which is supported by the use of remote telemetry and 
CCTV. Positive reinforcement is used to train/condition animals 
to accept placebo in a milkshake using a syringe for oral admin-
istration studies. Similarly, they are conditioned to voluntarily sit 
on a bucket for weighing purposes. A novel, reversible anaesthesia 
regimen has also been established to reduce the impact associated 
with repeated procedures. Despite the restrictions associated with 
working in containment, a carefully considered approach can pro-
vide animals with appropriate stimulation whilst enabling the de-
livery of high-quality science. 

 
© Crown copyright (2023), Dstl. This material is licensed  
under the terms of the Open Government Licence except where 
otherwise stated. To view this licence, visit http://www.national  
archives.gov.uk/doc/open-government-licence/version/3 
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Curating chemical use and 
exposure predictions to 
contextualize chemical hazard
Victoria Hull1, Agnes Karmaus1, Kim To1, Aswani 
Unnikrishnan1, David Allen1 and Nicole Kleinstreuer2 
1Inotiv, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, United States 

victoria.hull@inotivco.com 

To translate chemical hazard predictions into risk, it is essential to 
understand how populations interact with and are exposed to vari-
ous chemical sources. High-throughput in silico exposure simula-
tions and chemical use models can inform exposure scenarios for 
data-poor chemicals, but the large data volumes associated with 
these tasks can be challenging for those unfamiliar with compu-
tational methods. To provide easily interpretable and accessible 
exposure and use data, we integrated exposure predictions from 
EPA’s SEEM3 models and use categories from EPA’s Chemical 
and Product Database (CPDat) into the Integrated Chemical Envi-
ronment v4.0 (ICE; https://ice.ntp.niehs.nih.gov/). Population-lev-
el estimates for the 5th, 50th, and 95th percentiles of exposure were 
obtained from SEEM3, and pathway-specific outputs were used to 
generate near- and far-field annotations. Predictions were restrict-
ed to chemicals within the SEEM3 models’ applicability domain. 
Chemical categories in the ICE Chemical Characterization tool 
were expanded to include updated consumer use data and func-
tional use from CPDat. Reported functional use terms for nearly 
9,500 chemicals were harmonized to OECD functional use catego-
ries based on suggested synonyms and expert opinion. To charac-
terize potential use for over 100,000 chemicals that lacked reported 
functional use, we also added predicted functional use from CPDat 
to ICE. These predicted uses were curated using a high-probability 
cutoff to ensure high confidence in results. When presented along-
side other toxicologically relevant data within ICE, the addition of 
these highly curated data provides users with a more comprehen-
sive context for chemical hazard. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Review of animal testing 
requirements in WHO guidelines  
and recommendations  
for biologicals: A proposal to 
implement 3Rs principles
Elliot Lilley 
NC3Rs, United Kingdom 

elliot.lilley@nc3rs.org.uk 

Biologicals such as vaccines, cytokines, enzymes, and hormones 
are tested extensively post-licensure as part of routine quality con-
trol and batch release testing with an estimated 8 million animals a 
year used worldwide for this purpose. This animal use puts a signif-
icant financial burden on manufacturers and national control lab-
oratories, is time and resource intensive, and the methods them-
selves can cause significant pain and distress to the animals. 

The World Health Organization (WHO) is mandated to estab-
lish international standards for this purpose and their guidelines 
and recommendations carry significant global influence. Howev-
er, a review of the animal testing requirements within these guide-
lines has never been conducted and there may be opportunities to 
adopt the latest non-animal technologies that are being missed as 
a result. 

In 2019, the UK National Centre for the Replacement, Refine-
ment and Reduction of Animals in Research (NC3Rs) were tasked 
by the WHO and funded by the Bill & Melinda Gates Foundation 
to carry out an independent and comprehensive review of WHO 
guidelines for biologics to determine which animal tests are cur-
rently recommended for the batch release testing of biologics and 
vaccines and to identify opportunities for better implementation of 
3Rs principles and alternative test methods. A comprehensive re-
port was delivered to the WHO in June 2023 and will be formally 
presented to WHO Expert Committee on Biological Standardisa-
tion in October 2023. 

This presentation will highlight the key findings and recommen-
dations from the review and signpost key resources that NC3Rs 
have created to support this project.
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Korea Information Center for the 3Rs:  
The first 12 years
Gwi Hyang Lee1,2, Yoojin Lee1, Jiyun Shin1, Kyoungtae 
Park1, Myung-A. Kim3, Barney Reed4, Lynette A. Hart5 
and Byung In Choe1 

1Nicholas Cardinal Cheong Graduate School for Life, The Catholic 
University of Korea, South Korea; 2BIC Study Foundation, South Korea; 
3Department of Internal Medicine, Seoul National University College of 
Medicine, SNU-SMG Boramae Medical Center, South Korea; 4RSPCA, 
United Kingdom; 5Department of Population Health and Reproduction, 
School of Veterinary Medicine, University of California, Davis, United 
States 

gwihyanglee@gmail.com 

The Three Rs principles of Russell and Burch have been guiding 
animal use for more than 60 years. There are many 3Rs organisa-
tions that work to replace, reduce, and refine animal use and cre-
ate platforms for 3Rs-related resources worldwide. Most of these 
organisations communicate in English. It has been an eventful  
12 years since the establishment of the Korea Information Cen-
ter for the 3Rs, which has the goal of facilitating the exchange of 
knowledge and sharing examples of good practices, and encour-
aging the use of alternative methods that reduce or replace ani-
mal use or to enhance humane science by avoiding or minimis-
ing pain, distress to those animals that are used in research, test-
ing, and teaching. This presentation will summarise the progress 
made, and challenges faced by the Korea Information Center for 
the 3Rs in providing resources and educational training to pro-
mote the Three Rs, including new Korean resources for non-sci-
entific members involved in ethical review. The collective power 
with international and national experts can be used to leverage an 
ongoing commitment aiming to provide information, resources, 
and practical guidelines on the Three Rs principles. It is time to 
plan Three Rs projects which foster interest and expertise among 
the next generation, including grant awards to support the devel-
opment and dissemination of good practices for promoting alter-
native methods, high-quality science and advanced educational 
training programs for achieving good standards of laboratory ani-
mal welfare in Korea.
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Update on recent activities  
at JaCVAM
Yoko Hirabayashi, Hajime Kojima and Takao Ashikaga 
The Center for Biological Safety and Research (CBSR), the National 
Institute of Health Sciences (NIHS), Japan 

h-kojima@nihs.go.jp 

The Japanese Center for the Validation of Alternative Methods 
(JaCVAM) was established to fulfill the CBSR’s responsibility to 
protect the general public by assessing the safety of chemicals and 
other materials as specified in NIHS regulations, while replacing, 
reducing, or refining (the 3Rs) the use of animals wherever pos-
sible by promoting the use of alternative methods to animal test-
ing in regulatory studies. Since 2005, JaCVAM has contributed 
to establish more than ten Test Guidelines (TGs) in Organisation 
for Economic Co-operation and Development (OECD) support-
ed by the International Cooperation on Alternative Test Methods 
(ICATM) members. Recently, JaCVAM is developing test meth-
ods on broadly defined immunotoxicity. We are on-going coor-
dination of the validation study and/or independent peer review 
regarding the following seven test methods: 1) EpiSensA for 
skin sensitization testing, 2) α-Sens for skin sensitization testing,  
3) IL-2 Luc LTT for in vitro immunotoxicity, 4) IL-1β Luc assay 
for in vitro immunotoxicity, 5) PyroMAT for pyrogenicity test,  
6) MylcMAT for pyrogenicity test, and 7) LabCyte epithelium 
model-Skin irritation resting for the medical devise. Through 
these activities, JaCVAMhas played an active role in develop-
ing alternative methods to animal testing in safety evaluation of 
chemicals and quality assurance of pharmaceutical and medical 
devise.
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A novel scoring system for humane 
endpoints in mouse cecal  
ligation and puncture-induced sepsis
Lindsey Ferguson1, Ammar Rashied2, Zhe Liang3, 
Tetsuya Yumoto3,4, Jerome Anyalebechi3, David 
Swift3, Marina Hernandes5, Robert Krafty2, Craig 
Coopersmith3 and Vanessa Lee1 

1Division of Animal Resources, Emory University, Atlanta, GA, United 
States; 2Department of Biostatistics and Bioinformatics, Emory University 
Rollins School of Public Health, Atlanta, GA, United States; 3Department 
of Surgery and Emory Critical Care Center, Emory University School of 
Medicine and Emory Healthcare, Atlanta, GA, United States; 4Department 
of Emergency, Critical Care and Disaster Medicine, Okayama University 
Graduate School of Medicine, Kita-ku, Okayama, Japan; 5Department of 
Medicine, Emory University School of Medicine, Atlanta, GA, United 
States 

ltfergu@emory.edu 

Animal models of sepsis often experience high mortality due to 
difficulty with the prediction of death based on pre-mortem anal-
ysis and to replicate the lethality observed in human medicine. 
Death as an endpoint does not align with minimizing animal pain 
and distress. The objective of this study was to establish a scoring 
system for mice undergoing cecal ligation and puncture (CLP)-in-
duced sepsis, based on visual parameters of respiratory status, 
activity and response to stimulus, and eye appearance. First, we 
evaluated the scoring system’s interobserver agreement. Observa-
tions conducted between veterinary and investigative staff includ-
ed 283 post-CLP mice and demonstrated near-perfect agreement 
(kappa > 0.81) by weighted Cohen’s kappa statistic; respiratory 
parameter kappa-score = 0.8161, activity-stimulus kappa-score = 
0.8964, and eyes kappa-score = 0.8072. The second study aim as-
sessed the ability of the scoring system and temperature to pre-
dict mortality. C57BL/6J mice (n = 80) were monitored until death 
or up to 7-days post-CLP with the scoring system and subcutane-
ous transponders. Results showed that the scoring system discrim-
inates between surviving and non-surviving septic mice. The scor-
ing system demonstrated accuracy in predicting mortality, with 
an AUC of 0.8997 and highest sensitivity and specificity for the 
activity-stimulus (sensitivity: 96.30%, specificity: 92.31%) and 
eyes (sensitivity: 94.44%, specificity: 73.08%) parameters. Tem-
perature represented a quantitative predictor (sensitivity: 92.60%, 
specificity: 92.31%). Retrospective analysis indicated that com-
bined activity-stimulus and eye scores of 5 or greater predict death. 
Our scoring system demonstrates generalizability through the high 
interobserver agreement. Furthermore, this scoring system rep-
resents a refinement and can be implemented to determine humane 
endpoints for post-CLP mice.
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Evidence for refined mouse handling: 
Better for animals, people & science
Khia Dobbinson 
NC3Rs, United Kingdom 

khia.dobbinson@nc3rs.org.uk 

Traditionally, research mice are picked up by the tail (tail han-
dling) for general husbandry or prior to conducting scientific pro-
cedures. However, a growing body of scientific literature indicates 
that mice find tail handling stressful, which negatively impacts 
mouse welfare and has behavioural and physiological consequenc-
es. To address this, an effective refinement can be implemented by 
instead picking up mice using a tunnel or cupped hands (refined 
handling). 

Our practical experience of supporting the UK research com-
munity with non-aversive mouse handling methods has shown us 
the importance of addressing knowledge gaps for facilitating an 
openness to change and effective implementation. Therefore, our 
objective was to review and summarise the research on refined 
mouse handling to improve the accessibility of the findings and fa-
cilitate dissemination. 

In this project, experts identified and reviewed 23 peer-re-
viewed empirical research articles related to refined mouse han-
dling. Noting that the studies investigated multiple outcomes, the 
articles showed that refined handling improves mouse welfare (be-
havioural measures, n = 13; physiological measures, n = 4), volun-
tary interaction (n = 11), test reliability (n = 2) and breeding out-
comes (n = 1). Furthermore, five articles show that refined han-
dling is beneficial even in combination with standard procedures. 

In conclusion, after reviewing the research-to-date, there are 
clear scientific, handler, and animal welfare benefits of using re-
fined methods to pick up mice. Additionally, refined handling can 
be practical as it is compatible with common procedures and takes 
little additional time to implement. This review provides strong 
evidence for institutions considering switching to refined methods 
for picking up mice.
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Why are we at a turning point in  
implementing and accepting 
nonanimal testing for vaccines 
batch release testing? 
Successes and remaining global 
challenges in the field
Laura Viviani1,2 

1SciEthiQ, Switzerland; 2Consultant for Humane Society International, 
Switzerland 

lviviani@sciethiq.com 

Before they can be released to the marked, vaccine must be tested 
to assess the product’s safety, toxicity, immunogenicity and poten-
cy. This is a fundamental regulatory requirement in place to ensure 
vaccines are effective and safe for use. Many tests used in batch 
release still rely on animals, in particular in the case of very old 
products like the Tetanus, Diphtheria, Pertussis, Rabies and Polio 
vaccines. Those tests consume large number of animals and suf-
fer from an inherent variability that causes unexpected failures and 
forced retesting. Such forced test repetitions are relatively com-
mon occurrences, sacrificing additional animals and, critically, in-
creasing costs and time needed to release the product the market. 

In the last decade vaccine manufacturers in both developed and 
developing countries have invested in non-animal-based innova-
tion for batch release testing with successful results. Consequent-
ly, a host of regulatory authorities have updated their requirements 
– or are evaluating such updates – to accommodate the innova-
tions developed. 

This presentation surveys successful examples of non-animal 
tests already accepted and implemented for human and veterinary 
vaccines, clarifying the reasons that has brought us collectively 
to a turning point for the local, regional and global implementa-
tion of non-animal methods and their regulatory acceptance. The 
presentation will then move to the remaining open technical, busi-
ness, policy and cultural challenges and how those might need dif-
ferent approaches to be solved depending on where the solution 
should be implemented. A new project focused on supporting the 
creation of local replacement implementation plans will be pre-
sented.
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1National Institute of Health Sciences, Japan; 2Yokohama National 
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Technology, Japan 
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The number of man-made chemicals including medicines has in-
creased exponentially recently, and exposure to some of them is 
possible to induce fetal malformations. Although the toxicities of 
chemicals have been tested in animals, chemicals that are not tera-
togenic in rodents can cause severe malformations in humans, ow-
ing to the differences in the susceptibility to the teratogenicity of 
chemicals among species. One possible cause of such species dif-
ferences, other than pharmacokinetics, could be the difference in 
sensitivity to such chemicals at the cellular level. Therefore, a hu-
man cell-based in vitro assay is needed for detecting potential tera-
togenic chemicals. Intra- and inter- cellular signaling pathways 
play important roles in both developmental processes and their ro-
bustness from intrinsic and extrinsic noises. We hypothesized that 
the developmental toxicity itself means a result that the signalings 
were disrupted regardless of the causes. Then, we established a 
signal reporter assay system based on monitoring and time-accu-
mulation of the signal disruption over time, rather than the classi-
cal endpoint detection of the signal disruption. This approach was 
useful for detecting signal disruptions caused by the malformation 
chemicals, including thalidomide. The human iPSC-based signal 
disruption assay could be a promising tool for the initial screening 
of developmental toxicants. 

References
[1] Kanno et al. (2022). iScience.
[2] Kanno et al. (2022). STAR Protoc.
[3] Kanno et al. (2022). J Biosci Bioeng.
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Inhalation is a major route through which substances can exert 
toxic effects in humans. The INSPiRE Initiative (IN vitro System 
to Predict REspiratory toxicity) aims at gaining scientific confi-
dence in non-animal methods to assess inhalation toxicity. Re-
cently, we have demonstrated their use for exposure to vaporized 
silanes. In this study, human bronchial epithelial cell line (BE-
AS-2B) and a reconstructed tissue model (MucilAir™) grown 
at an air-liquid interface will be used to show their potential to 
predict toxicity of another chemical class – surfactants – and to 
compare aerosol exposure and liquid application (pipetting). 

The two cell systems, BEAS-2B and MucilAir™, were ex-
posed to five different concentrations of Triton X-100 or oleoyl-
sarcosine. Exposures were done by either pipetting the surfac-
tants as liquids or by aerosol exposures using a VITROCELL® 
6/4 system. Functional and cell health endpoints were assessed 
19-24 hours (BEAS-2B and MucilAir™) or seven days (Mu-
cilAir™) after exposure. 

Concentration-dependent effects were observed in either cell 
system and with both exposure methods. In addition, BEAS-2B 
were generally more susceptible to damage than MucilAir™  
tissues. 

After study completion, data from two chemical classes (sila-
nes and surfactants), different exposure types (vapor, aerosol, 
liquid application), and different cell systems (cell line, recon-
structed human lung tissue) will be available. The results of this 
project can be used to identify the usefulness of non-animal in-
halation toxicity testing methods to inform regulatory deci-
sion-making as well as remaining gaps for their regulatory ap-
plication.
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and tetanus toxoid potency assays
Juthika Menon, Nelson Eng, Beata Gajewska, Meili Li, 
Sophia Lee, James Lan, Kimberley Williams, Carmen 
Dalli, Antonietta Cifelli, Belma Ljutic, Lucy Gisonni-
Lex and Lenzi Bourdeau 
Sanofi Vaccines, Canada 

juthika.menon@sanofi.com 

Lethal challenge assays are still performed to assess the potency 
of Diphtheria and Tetanus Toxoids in a pediatric combination vac-
cine for lot release and stability monitoring for the European mar-
ket. These assays require multiple dilutions of the Test Vaccine 
and International Reference Standard to be injected into groups 
of guinea pigs followed by toxin challenge, with potency of the 
Test vaccine expressed in International Units. Although alternate 
serological assays are described in the Ph.Eur., the assays still re-
quire the use of a calibrated Reference vaccine and the multi-dilu-
tion design implies the use of large number of animals. In order to 
replace the current lethal challenge potency assays with a refined 
method alleviating pain and distress to animals and reducing their 
number in each assay, we developed an in-house single-dilution 
serological method with Geometric Mean Unitage (GMU) anti-
body titer for reporting results for Diphtheria and Tetanus Tox-
oid potency. Product-specific acceptance criteria were established 
using GMU data from 35 commercial lots. This method uses the 
same Test vaccine dilution to assess the immunogenicity of both 
Diphtheria and Tetanus Toxoids and does not require a Reference 
vaccine; an in-house positive control vaccine is included to con-
firm test validity. The assay was shown to be capable of detecting 
mock-prepared sub-potent vaccine batches. This new method as-
sesses lot-to-lot consistency and allows for the refinement of the 
lethal endpoint. Implementation of this method will result in a sig-
nificant reduction in animal usage, cost, invalidity rate and test cy-
cle time, ensuring more robust market supply to customers.
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disruption using proteomics
Alexandra Schaffert1, Isabel Karkossa2, Martin von 
Bergen2,3,4 and Kristin Schubert2 
1Institute of Medical Biochemistry, Medical University of Innsbruck, 
Innsbruck, Austria; 2Department of Molecular Systems Biology, Helmholtz 
Centre for Environmental Research (UFZ), Leipzig, Germany; 3Institute 
of Biochemistry, Leipzig University, Leipzig, Germany; 4German Centre 
for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig, 
Germany 

alexandra.schaffert@i-med.ac.at 

The pandemic development of obesity is presumed to be accel-
erated by endocrine disruptors such as plasticizers and bisphenol 
A (BPA). Understanding the modes of action (MoAs) underlying 
metabolic disruption is crucial to establish non-animal methods for 
evaluation of endocrine disruptors. 

To increase our understanding of metabolic disruptive effects in 
adipose tissue, we examined the effects of 25 chemicals, including 
BPA analogues and plasticizers, on two key cell types: human ad-
ipocytes and macrophages. Our study examined molecular initia-
tion of the master regulator of adipogenesis, the peroxisome pro-
liferator-activated receptor gamma (PPARγ). Using in vitro assays 
and global proteomics, we characterized altered pathways, bio-
markers, and functionality. 

Our results revealed that BPA and its substitutes inhibited 
PPARγ, leading to inhibition of adipogenesis, an inflammatory 
state, and impaired insulin sensitivity. In contrast, plasticizer me-
tabolites induced adipogenesis in preadipocytes via PPARγ activa-
tion, displaying similarities and overlapping key drivers with the 
PPARγ agonist rosiglitazone as assessed by Weighted Gene Cor-
relation Network Analysis (WGCNA). Plasticizers and their me-
tabolites caused oxidative stress and adipocyte dysfunction in ma-
ture adipocytes. In addition, the most potent obesogenic plasticiz-
er exacerbated oxidative stress and hence the immune response in 
macrophages. 

Consequently, these metabolic disruptors may promote hyper-
trophic dysfunction and chronic adipose tissue inflammation, con-
tributing to metabolically unhealthy obesity and associated com-
plications. Integrating the mechanistic knowledge into an adverse 
outcome pathway (AOP) network may provide a roadmap for reg-
ulatory assessment without the need for animal testing. The key to 
unlocking this knowledge is a deeper understanding of the MoAs, 
which can be achieved through omics.
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Cardiovascular disease, which is the leading cause of mortality 
worldwide, is suggested to be significantly exacerbated by envi-
ronmental chemicals. However, cardiotoxicity is not addressed as 
a specific endpoint in current regulatory guidelines for chemicals, 
biocides, and pesticides, and assessment is heavily based on ani-
mal testing. 

Within the EU-H2020 Project ALTERNATIVE (grant 
#101037090), we aim to improve regulatory assessment of cardio-
toxicity by (1) identifying current regulatory limitations, (2) col-
lecting and integrating multiple lines of evidence for heart failure 
caused by environmental chemicals using the Adverse Outcome 
Pathway (AOP) framework, (3) evaluating the weight of evidence 
according to OECD guidance, (4) identifying suitable non-animal 
methods and Biomarkers of Effect (BoEs) to assess key events of 
the AOP, and (5) drafting an Integrated Approach to Testing and 
Assessment (IATA). 

We identified different gaps in cardiotoxicity assessment, low 
predictivity of animal-based as well as in vitro cardiotoxicity 
methods used in current regulatory guidelines, and the need to ad-
dress the elderly population and mixtures. We developed a novel 
AOP network (including AOPs #479 & #480) that causally com-
bines and integrates epidemiological human health evidence (15 
studies), as well as experimental in vivo, and in vitro evidence 
(360 studies) from our systematic reviews on heart failure caused 
by environmental chemicals. The weight of evidence is evaluated 
using OECD guidance and omics analysis will be used to validate 
key events and identify corresponding BoEs. 

These AOPs will ultimately provide a foundation to an IATA 
for organ toxicity, including cardiotoxicity, and reduce the depen-
dence on animal testing.
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Alternative methods for  
potency and safety test for batch 
release in human vaccines
Pradip Das 
Biological E Limited Hyderabad, India 

pradip.das@biologicale.com 

Vaccines contribute to improved health and welfare of humans by 
preventing and controlling infectious diseases agents that can cause 
disease and death. However, vaccine batches require quality assess-
ment before being released to the market and in many cases these 
tests are in vivo. This requires a significant number of animals to 
ensure vaccine effectiveness and safety and can lead to significant 
pain and distress. 

Currently, in vivo potency tests are being used in the quality con-
trol of human vaccine testing for each final bulk or lot before re-
lease onto the market. This is particularly true for traditional vac-
cines like Diphtheria, Pertussis, Tetanus, Rabies, Hepatitis B and 
Hepatitis A and Polio vaccines. In the last decades, many studies 
have been conducted to validate alternative methods for quali-
ty control and batch release especially for potency and safety test 
however harmonization of guidelines is required to implement 
these alternative approaches. 

Now the time has come to substitute or reduce animal use for po-
tency testing. There is strong scientific evidence that In vitro tests, 
are sufficient to detect differences that are relevant to the control of 
the production process. Similarly, for safety testing, In vitro assays, 
mainly cell culture assays, should be used. These approaches are 
more sensitive and reproducible when compared to In vivo tests. 

Based on current good manufacturing practices, process valida-
tion, in-process testing, validated analytical testing and the consis-
tency approach, vaccine quality, safety and efficacy can be demon-
strated without routine use of In vivo tests.
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As the reliance on traditional animal testing phases out, increas-
ing use of new approach methodologies such as in vitro assays and 
in-silico methods are generating massive amount of data which 
are often difficult to utilize efficiently. OrbiTox addresses this 
challenge by providing an interactive visualization for a collec-
tive view of “bigdata” from different domains (chemicals, genes, 
pathways, organisms) and informative connectivity across them 
to support translational discovery. OrbiTox currently houses cu-
rated data from ~900,000 substances, ~22,000 annotated human 
targets, ~1,500 biological pathways, and over 100 test organisms. 
There are also more than 400,000 connections representing exper-
imental, curated human and rodent carcinogenicity, bacterial mu-
tagenicity, acute toxicity and various bioactivities data. Addition-
ally, OrbiTox offers over 100 novel QSAR models that provide 
chemistry-backed reasoning for predictions in 80 Tox21 assays, 
bacterial mutagenicity in OECD-recommended strains, and cardio 
and ocular toxicity. Unique 3D organization of high-dimensional 
multi-domain data connected in concentric 3D-globes results in 
an intuitive and inviting environment enabling queries from any 
data domain. For a query chemical, one can access experimental 
and predicted chemical profiles and identify structural analogues 
using Saagar substructures (PMID: 33356152). In one test study, 
we were able to query the fructose metabolism pathway, identify 
its member genes, identify inhibitors of its member gene AKR1B1 
with their IC50 values – all in one view. The unique functionality 
of OrbiTox to map complete paths between multiple query objects 
is extension of Swanson’s ABC inference paradigm of open dis-
covery process to generate hypotheses for functional or mechanis-
tic relationships between searched entities.
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Council of Europe (COE) has been committed to 3Rs. Activities 
focus on inclusion of non-animal tests, removal of obsolete animal 
tests as well as reduction and refinement of existing animal tests 
for both human and veterinary biologicals, including vaccines. 
These changes are included for adoption in the European Pharma-
copoeia wherever scientifically justified. This work has led for ex-
ample to the deletion of the abnormal toxicity test (ATT), specif-
ic toxicity tests (diphtheria (D) and tetanus (T) vaccines) and the 
irreversibility tests for T and acellular pertussis (aP) vaccines as 
well as the inclusion of in vitro or serological based potency as-
says in different contexts e.g. D,T, aP, hepatitis B vaccines. Chap-
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Bird’s eye view:  
Strengthening protections for  
wild animals in research
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Research on wildlife is understudied and underregulated. With 
more than 73,000 wild vertebrates, federal guidelines cannot ad-
dress the topics critical for wildlife research. Most Institution-
al Animal Care and Use Committees do not include wildlife re-
searchers nor is there sufficient research or updated guidelines 
to refer to during the research review process. Wild species are 
brought to the laboratory without adequate protection and their 
welfare cannot be granted due to lack of species-specific knowl-
edge. We have found several cases where animals have died under 
the care of the investigator, both accidentally due to ignorance sur-
rounding animal care, and purposefully as part of the experiment. 
By reviewing U.S. wildlife permit protocols from 2019-2022, we 
aim to collect information to understand the use of wild animals in 
research and use it to foster effective protections for species sub-
jected to experimentation. The purpose for wildlife permits varies, 
animals are sometimes collected to study diabetes, cancer, and bio-
mechanics research, in some cases with the intention to inform hu-
man health. With inadequate protection and insufficient research 
to recognize causes of distress, negative reactions to change of di-
et, humane handling, etc., holding them captive in labs is an ethi-
cal concern. Through state-by-state monitoring, we are working to 
understand the use of wild animals in research and establish pro-
tections for them. Each state has different requirements for permit 
approval, but we anticipate the information gathered will lead to 
changes in policy recommendations at the institutional, state, and 
federal levels.
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alternatives to animal testing
Catherine Milne, Gwenael Cirefice,  
Emmanuelle Charton and Laurent Mallet 
EDQM, France 
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Since the 1980s, with the elaboration of European Convention 
(ETS 123) for the Protection of Vertebrate Animals used for Ex-
perimental and Other Scientific Purposes, the European Director-
ate for the Quality of Medicines and HealthCare (EDQM) of the 

MASTER CLASS
IN ANIMAL-FREE SAFETY
ASSESSMENT OF COSMETICS

REGISTER
N O W !

FIRST OF ITS KIND

Fostering innovation without
new animal testing
Based on well-established
principles and processes
Curriculum covers entire risk-
assessment process
Available for free,  learn at your
own pace!

mailto:rbaron@pcrm.org
mailto:catherine.milne@edqm.eu


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 32

157

Regulatory considerations for 
the development, licensure, and 
use of non-animal-based quality 
control assays for vaccines
Robin Levis 
U. S. Food and Drug Administration, United States 

robin.levis@fda.hhs.gov 

The development of a well-defined manufacturing process and as-
says to ensure vaccine quality and safety are critical for the licen-
sure of vaccines that will be safe, pure, and potent. The selection 
and validation of quality control assays is based on the best tech-
nology available at the time of vaccine development. Historical-
ly, animal-based assays were developed to measure vaccine safety 
and potency. While these assays may have been appropriate at the 
time of development, recent advances in analytical technologies 
and our understanding of the critical attributes of vaccine products 
has led to the development of alternative assays that can replace 
the animal-based assays that were used at the time of product li-
censure. This presentation will highlight regulatory considerations 
related to the development of alternative assays and provide some 
examples where new assays are being implemented to replace ex-
isting animal-based assays currently being used to assure product 
safety with respect to adventitious agents testing.
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In the room where it happens: 
Assessing pesticide hazard
Monique Perron and Alison Harrill 
U.S. Environmental Protection Agency, United States 

perron.monique@epa.gov 

In vivo studies with laboratory animals are required and/or used to 
evaluate pesticide exposures; however, regulatory statutes provide 
the United States Environmental Protection Agency (U.S. EPA) 
with the flexibility to modify the actual data and studies required 
on an individual chemical basis. Therefore, the Agency may use 
data from alternative methods and strategies to satisfy data require-
ments. The U.S. EPA Office of Pesticide Programs (OPP) has been 
working with multiple national and international organizations to 
reduce its reliance on animal testing through the development and 
implementation of new approach methodologies (NAMs) for reg-
ulatory purposes. To put ongoing NAM efforts into context, this 
presentation will provide an overview of how U.S. EPA assesses 

ter 5.2.14 importantly provides guidance on how to substitute in 
vivo methods with in vitro ones to facilitate in vitro approach im-
plementation, highlighting the scientific benefits of the in vitro ap-
proach and where there is lack of justification for direct correlation 
between in vitro and in vivo tests. An important ongoing endeavour 
is the full replacement of the Rabbit Pyrogen Test (RPT). The pre-
sentation will highlight the path that EDQM has taken towards the 
implementation of non-animal testing with a focus on the ongoing 
deletion of RPT from the pharmacopoeial requirements and its re-
placement with other approaches and testing methodologies.
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Inference model performance: 
A key component for scientific 
confidence frameworks for NAMs
Richard Becker and Jessica Ryman-Rasmussen 
American Chemistry Council, United States 

Rick_Becker@americanchemistry.com 

A NAM must meet a requisite degree of scientific confidence for 
one or more specific applications before it can be used to support 
product stewardship or regulatory decisions. While various compo-
nents of “fit for purpose validation” (FFPV) have been discussed, 
a uniform approach for FFPV has yet to be adopted. Accordingly, 
we proposed a scientifically rigorous, yet flexible framework, that 
can be widely applied to most types of NAMs. This NAM Scientif-
ic Confidence Framework (SCF), centered on explicitly applying 
the scientific method, consists of 7 components: 1) problem for-
mulation and hypothesis (explicit proposition that the NAM can 
be used to provide actionable information for a specific decision 
context) 2) the biological relevance & plausibility of the NAM;  
3) assay performance (documentation of sensitivity, specificity, re-
liability, & domain of applicability of the NAM); 4) documenta-
tion of the performance of inference (prediction) models based on 
the NAM response – outcome response relationship; 5) dissemina-
tion of the data, inference models, etc. to support independent rep-
lication; 6) a narrative rationale making the case that there is / is 
not sufficient scientific confidence in the NAM to support the spe-
cific application for the chemistry domain of interest; and 7) veri-
fication through independent scientific peer review. While biolog-
ical relevance is necessary, it is not sufficient; documenting infer-
ence model performance is needed. We will illustrate application 
of this NAM SCF, focusing on inference model performance, to 
the evaluation of the key characteristics of carcinogens, to TTCs 
and points of departure from ToxCast data, and to an AOP.
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directions of JSAAE for Asian 
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After the official establishment in 1990, the Japanese Society for 
Alternatives to Animal Experiments (JSAAE) has grown to have 
about 400 members as of 2023. While promoting 3Rs research in 
Japan through a wide variety of domestic activities, we have been 
making serious efforts to various aspects of international cooper-
ation and contributions to 3Rs, such as hosting 6th Congress on  
Alternatives and Animal Use in the Life Sciences (WC6: 2007) in 
Tokyo. JSAAE now have cooperation agreements with the similar 
societies among EU (European Society for Alternatives To Animal 
Testing: EUSAAT and European Society of Toxicology in Vitro: 
ESTIV) and USA (American Society for Cellular and Computa-
tional Toxicology: ASCCT). 

In addition, the Korean Society for Alternatives to Animal Ex-
periments (KSAAE) recently organized 3rd Asian Congress for 
Alternatives to Animal Experiments (ACAAE), December 2022 
in Jeju, Korea. The International cooperation is taking root in Asia 
definitely. As a next step, we are also planning to set up the Asian 
Federation with KSAAE, Chinese Toxicological Alternatives and 
Translational Toxicology (TATT) and Society for Alternatives to 
Animal Experiments-Indian (SAAE-I), where the concept of the  
3 Rs is just now achieving penetration.
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pesticide hazard. This will include discussion of the process taken 
by OPP to evaluate and interpret an extensive amount of data from 
toxicological studies, which provide the agency with information 
on a wide range of adverse health outcomes, different routes of ex-
posures, varying durations, species differences, and life stage in-
formation, to support pesticide registration.

Presentation: Oral

166
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for cosmetic ingredients
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Animal testing of cosmetic ingredients and products has been 
banned in the European Union since 2013. However, the safety 
evaluation of a cosmetic ingredient requires the generation of data 
on acute oral toxicity through animal testing. In the present study, 
we developed the step-by-step approach for assessing the applica-
bility of acute oral toxicity for cosmetic ingredients without animal 
testing. This approach was challenged in the Weight of Evidence 
(WoE) assessments of acute oral toxicity using a combination of 
safety data, including a neutral red uptake cytotoxicity assay using 
BALB/c3T3 cells (3T3-NRU cytotoxicity assay) that can assess the 
acute oral toxicity for additives of quasi-drugs or cosmetic ingredi-
ents. However, our approach is out of scope for major ingredients 
of quasi-drugs and a request for revision of cosmetic standards. We 
conclude that the step-by-step approach can be used to assess test 
substances that cause low acute oral toxicity within this applicabil-
ity domain, such as the median lethal dose (LD 50) > 2000 mg/kg 
based on our proposal, thereby avoiding animal testing.
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The path to better science: 
3Rs and more
Adrian Smith 
Norecopa, Norway 

adrian.smith@norecopa.no 

It is widely accepted that there is still great room for improvement 
when planning and conducting experiments which appear to in-
volve the use of animals. There are good scientific and ethical rea-
sons for working to advance the three Rs: Replacement, Reduc-
tion and Refinement. In addition, we must ensure that those ex-
periments which still have to use animals are correctly designed, 
so that the results are transferable to other animals and to humans. 

The path to better science is long and involves good prepara-
tion from day 1, starting with an evaluation of the possibility of us-
ing alternatives to animal experiments. These efforts must involve 
specialists in literature searches, experts within non-animal meth-
odologies and, if animal studies are unavoidable, close collabora-
tion with animal care staff who know the strengths and limitations 
of the facility. 

To give scientists an overview of all the factors which can influ-
ence the validity and outcomes of animal research, we have devel-
oped a set of guidelines called PREPARE, based upon experienc-
es in managing accredited animal facilities. PREPARE consists of 
a two-page checklist, available in over 30 languages, and a com-
prehensive website with links to more information and the latest 
resources about each topic on the checklist (https://norecopa.no/
PREPARE). 

To encourage advances in animal research, we have also creat-
ed a Refinement Wiki, which can be used to publish large or small 
improvements to housing, care and use (https://wiki.norecopa.no). 

Together we can PREPARE for, and achieve, better Science.
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3D spheroids of the pancreatic  
beta cell line EndoC-βH5  
for modelling diabetes-on-chip
Katharina Schimek1, Kajsa Kanebratt2, Sophie Rigal1, 
Christine Schwenk1, Oscar Arrestam3, Gunnar 
Cedersund3,4, Peter Gennemark2,3, Eva-Maria Dehne1, 
Liisa Vilén2 and Reyk Horland1 
1TissUse GmbH, Berlin, Germany; 2Drug Metabolism and 
Pharmacokinetics, Research and Early Development, Cardiovascular, 
Renal and Metabolism (CVRM), BioPharmaceuticals R&D, AstraZeneca, 
Gothenburg, Sweden; 3Department of Biomedical Engineering, Linköping 
University, Linköping, Sweden; 4Center for Medical Image Science and 
Visualization (CMIV), Linköping University, Linköping, Sweden 

katharina.schimek@tissuse.com 

In Type 2 diabetes mellitus (T2DM), glucose homeostasis is im-
paired. To date, this multi-organ disease cannot adequately be re-
flected in animal models or standard in vitro models. To address 
this challenge, we have recently shown functional coupling of hu-
man HepaRG spheroids and human islet microtissues for studying 
the interplay between the pancreas and the liver, two key organs in 
blood glucose regulation [1]. Here we show spheroids made of En-
doC-βH5 cells as an alternative pancreas organ model. 

The human pancreatic β-cell line EndoC-βH5 exhibits a 
near-native β-cell phenotype and is available as ready-to-use 
frozen stocks. We first optimized a protocol for spheroid forma-
tion and observed stable morphology and stable glucose-stimu-
lated insulin secretion (GSIS). The EndoC-βH5 spheroids showed 
dose-dependent insulin response to glucose and, moreover, stim-
ulation with the GLP-1 receptor analog exenatide led to a signifi-
cantly increased insulin secretion. We then demonstrated that the 
EndoC-βH5 spheroid model can be co-cultivated together with 
HepaRG spheroids in the HUMIMIC Chip2 for up to 15 days.  
Liver and EndoC-βH5 cell functionality, as shown by albumin and 
insulin secretion, respectively, was stable over time. The liver-pan-
creas chip results were translated to computer models, which al-
lowed us to test mechanistic hypotheses, and to scale volumes and 
add additional organs in the computer. 

The newly developed 3D spheroid model of EndoC-βH5 cells 
represents a reproducible and functional human β-cell model to 
study the liver-pancreas axis in vitro, which can be used of new 
therapies. 

Reference
[1] Bauer, S. et al. (2017). Sci Rep 7, 14620. 
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The consistency approach for  
the substitution of in vivo testing  
for the quality control of  
established vaccines: Practical 
considerations and progressive  
vision
Jean-François Dierick1 and Shahjahan Shaid2 
1GSK Wavre, Belgium; 2GSK Marburg, Germany 

shahjahan.x.shaid@gsk.com 

This presentation summarizes the discussions and proposals made 
by the VAC2VAC consortium on how to deploy the “Consistency 
Approach” for quality control of established vaccines and thus fa-
cilitate the substitution of in vivo testing. This work answers specif-
ic questions about “what does a control strategy according to the 
consistency testing look like” and “how to submit a control strate-
gy defined according to the consistency testing”. 

Some topics were answered in a very straightforward manner. 
This was the case when the deployment of the consistency ap-
proach and the corresponding changes in vaccines control strate-
gy was supported by the generic application of procedures already 
described in regulatory guidelines/requirements and related to the 
establishment or change in the control strategy of vaccines. The 
application of other procedures required more specific attention to 
reach a proposal. 

The key outcomes of this work are that robust science must be 
used to develop a substitution strategy and generate supportive da-
ta packages. And this good science can best occur with good sci-
entific collaboration between the different parties involved. Ear-
ly interaction between manufacturers and authorities before and 
during dossier submission is critical to success. The consistency 
approach, when approved and in place, will ensure vaccine prod-
ucts of assured quality reach the patient more efficiently than 
when relying on animal testing. Adapting the mindset was one of 
the major hurdles to a progressive vision but there is now consen-
sus between manufacturers and competent authorities to foster the 
elimination of animal testing for routine vaccine release testing.
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Development towards an organ-
on-the-chip technology for complex 
in vitro testing of T cell products
Isabell Durieux1, Alicia Oberländer2, Jacqueline 
Sonnenberger2, Jonas Jäger2, Enrico Accastelli2, 
Hendrik Erfurth2, Eva-Maria Dehne2, Uwe Marx2, 
Reyk Horland2, Petra Reinke1 and Hans-Dieter Volk1 
1BIH-Center for Regenerative Medicine, Germany; 2TissUse GmbH, 
Germany 

isabell.durieux@charite.de 

The clinical development of advanced human cell therapies suffers 
from a lack of adequate preclinical testing in laboratory animals. 
The informative value of such (humanized) animal trials are lim-
ited due to their phylogenetic distance to humans and, especially, 
their lack of a human immune system. Due to the histocompati-
bility mismatch between laboratory animals and the patient, chal-
lenges increase significantly once personalized T cell therapy ap-
proaches are under evaluation. 

Here, we used the HUMIMIC® multi-organ-chip platform to es-
tablish a human in vitro rejection assay using iPSC-derived en-
dothelial cells, iPSC-derived kidney organoids, and PBMCs. The 
platform enables co-culture of different organ models but lacks 
blood micro-capillary vessel structures covered with human en-
dothelial cells. For this purpose, we implemented a network of 
miniature vascularized channels in the organ compartments of the 
HUMIMIC® platform for capillarization of organ models explor-
ing 3D printing tools and endothelial self-assembly processes. Or-
gan models were generated from iPSCs of two different individual 
HLA-tested healthy persons emulating the recipient and the do-
nor background. Multi-organ-chip design and prototyping results 
are presented along with on-chip micro-vessel formation and cul-
ture over prolonged culture periods. Furthermore, we present data 
of establishing the rejection assay, statically and dynamically. Re-
sults will be discussed in the light of the assay potential to test im-
munosuppressive drugs and cell therapies (e.g., transplant rejec-
tion) to replace respective animal models in use.
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to repeat 193 experiments from 53 high-impact papers in preclin-
ical cancer biology, using an approach in which the experimen-
tal protocols and plans for data analysis had to be peer reviewed 
and accepted for publication before experimental work could be-
gin. Various barriers and challenges were encountered while de-
signing and conducting the experiments limiting the number of ex-
periments that could be conducted and analyzed. In the end, a total 
of 50 experiments from 23 papers were repeated, generating data 
about the replicability of a total of 158 effects. The median effect 
size in the replications was 85% smaller than the median effect 
size in the original experiments. When looking at a number of bi-
nary methods – that is, the replication was determined to be either 
a success or a failure – the overall replication success rate was 46% 
(51/112). A successful replication does not definitively confirm an 
original finding or its theoretical interpretation. Equally, a failure 
to replicate does not disconfirm a finding, but it does suggest that 
additional investigation is needed to establish its reliability. Over-
all, this experience draws attention to a basic and fundamental con-
cern about replication – it is hard to assess whether reported find-
ings are credible.
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ICE data and tools to advance NAMs
Aswani Unnikrishnan1, Agnes Karmaus1, Victoria 
Hull1, Xiaoqing Chang1, Alexandre Borrel1, Kim To1, 
Amber Daniel1, Samuel Cooper1, Jason Phillips2, Eric 
McAfee2, Dave Allen1 and Nicole Kleinstreuer3 
1Inotiv, RTP, NC, United States; 2Sciome, RTP, NC, United States; 3NIH/
NIEHS/DTT/PTB/NICEATM, RTP, NC, United States 

aswani.unnikrishnan@inotivco.com 

The Integrated Chemical Environment (ICE, https://ice.ntp.niehs.
nih.gov/) provides highly curated toxicologically relevant data and 
analytical tools for data interpretation and exploration. ICE has 
made significant contributions to advancing NAMs, with data and 
tools being continuously updated to address evolving stakehold-
er needs. ICE version 4.0, released in March 2023, is a major up-
date. ICE users can now obtain general population-level exposure 
predictions from EPA’s SEEM3 model across multiple scenarios 
through the ICE Search tool and the ICE Search API. Exposure es-
timates can also be compared to the equivalent administered dos-
es predicted by the ICE In Vitro to In Vivo Extrapolation (IVIVE) 
tool. To better support development of new methods for devel-
opmental toxicity, ICE v.4.0 adds a new gestational model from 
the EPA’s httk package to its Physiologically Based Pharmacoki-
netic (PBPK) and IVIVE tools. The ICE curated high-throughput 
screening (cHTS) dataset has been updated with the latest ToxCast 
and Tox21 data, providing in vitro data to use in bioactivity as-
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Non-animal methods  
in quality control of vaccine 
testing batch release
Shahjahan Shaid 
GSK Marburg, Germany 

shahjahan.x.shaid@gsk.com 

When using animals, we follow scientific principles to ensure that 
we prevent or minimize pain and distress before, during, and after 
experimental procedures to develop innovative products and per-
form the mandatory release of vaccines. Historically, the majority 
of animal testing in GSK is linked to quality control of vaccines 
making it a key element to reduce animal use by developing and 
applying non-animal methods (NAM). GSK has reduced the uti-
lization of animals by 60% in the last seven years and we aim for 
75% by 2025 in Vaccines Quality. 

Our 3R strategy is to develop and validate NAM for routine test-
ing to assess the safety and potency of vaccines in release and sta-
bility analysis. This is achieved by internal activities and external 
collaborations to co-build assays that align industry and authori-
ty requirements. While potency assays allow reduction by statis-
tical improvements, safety assays do require the development of 
NAM which are expected to be superior in their critical quality 
attributes. GSK has achieved this by reducing the amount of re-
quested repetitive in vivo safety testing in different franchises such 
as Tetanus. In addition, the development of product tailored assays 
with improved sensitivity for pyrogen detection and the safety as-
sessment of specific products such as polio vaccine, have reduced 
the animal testing. The qualified NAM have proven to be more 
robust and faster while ensuring the safety of the patient. Besides 
the ethical gains, our 3R activities allow to release vaccines faster, 
with less variable methods and in a leaner procedure.
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Replicability of preclinical 
cancer biology
Timothy Errington 
Center for Open Science, United States 

tim@cos.io 

Replicability is an important feature of scientific research, but as-
pects of contemporary research culture, such as an emphasis on 
novelty, can make replicability seem less important than it should 
be. This presentation will describe the results of an 8-year project 
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mation such as protein target binding in the model. Finally, mul-
titask deep learning was applied to predict each chemical’s like-
lihood of triggering cancer HMC and KCC based on the imputed 
and enriched in vitro data. Results included data on the quality 
of imputation, defined by grouping of assays, and performance 
computed per chemical. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Human neuron-on-a-chip platform  
to automate the screening of 
compounds targeting Alzheimer’s  
disease
Xue Ying Chua1, Ronan V. da Silva1, Caio Bruno Leal2, 
Camila Zimmer2, Vanessa Sinatti2, Adrien Carton de 
Wiart1, Rafael M. Bottos2 and Margaret Magdesian1 
1Ananda Devices, Laval, QC, Canada; 2Aptah Bio Inc., San Carlos, CA, 
United States 

xue@anandadevices.com 

There is no cure and no efficient therapy for most neurological 
disorders, including Alzheimer’s Disease (AD), a progressive 
type of dementia largely associated with the loss of synapses in 
the brain. Today, 99.6% of the drugs targeting neurological dis-
eases that pass animal tests fail on human trials and currently 
available animal models fail to reproduce the pathological com-
plexities of AD. For the successful development of new thera-
pies, robust alternative approaches methods (NAMs) that specif-
ically recapitulates the human neuronal signaling pathways are 
required to elucidate the mechanism of neurodegeneration in AD. 
Ananda Devices developed technology for rapid growth and pre-
cise organization of human neuronal networks-on-a-chip [1,2] in 
scalable multi-well microplates, enabling automation of the anal-
ysis of multiple neuronal parameters in 3000 individual neurons 
per plate (NeuroHTS™ platform). In this study, we used the Neu-
roHTS™ platform to compare neuronal morphology, network 
dynamics, synapses, and electrical function of excitatory neurons 
derived from human induced pluripotent cells from healthy and 
AD donors. Results showed key differences in axonal growth, ax-
onal thickness, neuronal connections, synapse formation, synap-
tic maturity, and tau distribution. Next, we used the NeuroHTS™ 
platform to compare the effects of 4 different potential therapeu-
tic compounds (Aptah Bio Inc.) in reducing degeneration of neu-
rons from AD donors. The results were validated using RNAseq 
analysis pointing to key signaling pathways involved in neuro-

sessments and computational toxicology workflows. Several new 
warning flags for autofluorescence interference have been added 
into the curation workflow. Updates to the underlying chemical 
use data in the ICE Chemical Characterization tool have also been 
implemented, with reported and predicted functional use catego-
ries now available in addition to consumer use data. The presen-
tation will include case studies to demonstrate how ICE can facil-
itate building confidence in NAM use for chemical assessments. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Deep learning profile QSAR 
modeling to impute in vitro assay 
results and predict chemical 
carcinogenesis mechanisms
Alexandre Borrel1, Agnes L. Karmaus1, Getachew 
Tedla1, Kamel Mansouri2, Thomas Luechtefeld3, Ruth 
Lunn4, Amy Wang4, Dave G. Allen1 and Nicole C. 
Kleinstreuer2 
1Inotiv, United States, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, 
United States; 3Insilica LLC, United States; 4NIH/NIEHS/DTT/IHAB, 
United States 

alexandre.borrel@inotivco.com 

Carcinogenesis is a multistep process in which normal cells ac-
quire various properties that allow them to form benign tumors 
or malignant cancers. These properties of cells have been associ-
ated with 10 well-established hallmarks of cancer (HMC). It has 
been further suggested that human carcinogens (e.g., chemicals, 
viruses) share one or more of 10 properties, namely key charac-
teristics of carcinogens (KCC). QSAR models that rely on struc-
tural and/or physicochemical properties to predict carcinogene-
sis potential endpoints usually exhibit low performance, likely 
because they lack sufficient information on the complex mech-
anisms involved in carcinogenicity. We used a novel imputation 
profile QSAR modeling approach coupled with deep learning 
to analyze data on 10,000 Tox21/ToxCast chemicals and 2,000 
in vitro assay endpoints subsetted by HMC and KCC. Because 
limited experimental data were available, we filled data gaps 
by imputing assay results for the Tox21/ToxCast inventory us-
ing structural and physicochemical properties and deep learn-
ing. In vitro assay results were enriched using data in the Bio-
Bricks platform (https://biobricks.ai/bricks/), which compiles 
toxicity-relevant databases into a harmonized easily accessible 
format. This enrichment allowed us to include additional infor-
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OECD path to mutual 
acceptance of NAM data
Patience Browne 
OECD, Paris, France 

patience.browne@oecd.org 

The OECD system of Mutual Acceptance of Data (MAD) is an 
agreement among countries to accept results from OECD Test 
Guidelines conducted in labs following Good Laboratory Practic-
es. MAD avoids duplicating data and saves > 300M €/year in test-
ing costs and 10,000s of lab animals. Using New Approach Meth-
ods (NAMs) in regulatory risk assessments creates opportunities 
to increase chemical safety information, while decreasing costs 
and animal use. However, international chemical legislations dif-
fer regarding specific data requirements and flexibility to fulfil re-
quirements, and thus national initiatives to use NAMs in chemical 
assessment potentially erode the benefits of MAD. Recent experi-
ences using NAMs for evaluating chemical effects on humans led 
to efforts to develop guidance for the use of non-guideline data and 
non-binding criteria for building confidence in innovative meth-
ods. These experiences facilitated the use of NAM Test Guidelines 
(e.g., Defined Approaches) and standardization of methods that are 
not (yet) proposed for inclusion in Test Guidelines (e.g., omics, 
PBK model reporting, etc.). The OECD Chemical Programme is 
leveraging lessons learned from developing human health relat-
ed NAMs for developing NAMs for ecotoxicological assessment. 
Though there are fewer examples of IATAs for ecotoxicology, 
OECD Case Studies use standardized reporting formats, include 
transparent reporting of uncertainties, undergo peer-review, and 
include a consideration for the global applicability of ecotoxicity 
NAMs. In addition to this foundational work, the OECD is plan-
ning a workshop to evaluate how innovative methods can contrib-
ute to protecting the environment from harmful effects of chemi-
cals and help preserving biodiversity.
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The OECD and the future 
of risk assessment
Patience Browne 
OECD, Paris, France 

patience.browne@oecd.org 

Marking 50 years of the OECD Chemical Safety Programme 
created an opportunity to reflect on past milestones and future 
goals for international risk assessment. There are now ~35 in 
vitro methods included in OECD Test Guidelines, and the Ad-

degeneration. The data highlight how Ananda Devices’ human 
based, in vitro, NeuroHTS™ platform enables rapid and automat-
ed compound screening directly on patient’s derived cells.

References
[1] Magdesian et al. (2016). Biophys J.
[2] Magdesian et al. (2017). JOVE. 
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Rethinking NAM adversity
Patience Browne 
OECD, Paris, France 
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New Approach Methods (NAMs) provide information on how 
substances can perturb signaling and lead to adverse outcomes and 
are faster, higher throughput, less expensive, reduce the need for 
animal testing, and can be designed to be more biologically rele-
vant than traditional animal tests. NAMs can support assessment 
of chemical effects on human and environmental health; howev-
er, it may be a challenge to define what constitutes “adversity”. 
To date, adversity based on NAM data has been established by 
the correct prediction of the effects of positive/negative reference 
chemicals identified from animal tests. Chemical databases facili-
tate identification of such chemicals; however, the reference chem-
icals may become associated with the guideline in which they were 
tested rather than the affected endpoint. In recent analyses of mul-
tigeneration reproduction and prenatal development studies in the 
US EPA’s ToxRefDB, non-specific endpoints (e.g., liver or body 
weight) were altered at the critical effect level in ~90% of studies. 
Additionally, < 20% of 9800 chemicals in the REACH database 
were associated with any specific type of toxicity. While chemical 
safety decisions based on (any) effects observed in animals may 
be protective of human health, these chemicals do not necessari-
ly exert the specific adverse response associated with the in vivo  
test. The misconception of what “positive” effects these chemi-
cals have in vivo is transmitted to the evaluation of the ability of 
NAMs to predict adversity. Developing NAMs that are protective 
of non-specific in vivo effects would align with how animal test da-
ta are often used in regulatory decision making.
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322,827 abstracts were screened, 89,446 full texts were analyzed, 
and 3,049 non-animal methods were selected to create highly cu-
rated and publicly available databases. The prevailing methods 
employed differ among research areas, however those involving 
cell culture were the main methods for all areas except for car-
diovascular diseases, for which in silico models were most used. 
Overall, in the last few years an increase in the development and 
use of organ-on-chip technologies was observed, particularly for 
respiratory and neurodegenerative diseases. 

These reviews have produced a knowledge base freely avail-
able to a variety of stakeholders and can be exploited to explore 
the strengths and limitations of both animal and non-animal mod-
els used in biomedical research. Most importantly, it represents an 
essential tool for producing evidence-based policy recommenda-
tions aimed at improving research translatability for the ultimate 
benefit of patients and society.
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Increasing understanding & 
implementation of refined mouse 
handling: A longitudinal, cross-
sectional benchmarking survey
Megan LaFollette 
The 3Rs Collaborative, United States 

meglafollette@na3rsc.org 

Refined mouse handling improves research quality and mouse 
welfare, yet widespread implementation seems to be low. We lack 
a clear understanding of current levels of implementation and the 
reasons behind them (particularly in the USA) that could be used 
to design interventions. The purpose of this project was to bench-
mark prevalence of, associations with, and beliefs towards refined 
mouse handling over a 3-year period. 

Research personnel were recruited to complete an innovative 
mixed-methods longitudinal benchmarking survey grounded in 
the validated theory of planned behavior. Per year at least 250 par-
ticipants responded, and 50 participants completed the survey all 3 
years. Participants were primarily from the USA. Quantitative da-
ta were analyzed via descriptive statistics and generalized regres-
sion. Qualitative data were analyzed by theme. 

Over 3 years, implementation of refined handling was low. 
However, intentions to provide refined handling in the future in-
creased over time. Furthermore, this intention was strongly asso-
ciated with attitudes, norms, and control beliefs (p’s < 0.01). Fi-
nally, although the distribution of reported barriers changed over 
time, participants primarily cited misconceptions about the tech-
nique (perceived incompatibility with jumpy mice and restraint), 

verse Outcome Pathway Knowledgebase (AOP-KB) has pro-
vided a proof-of-concept framework for how in vitro methods 
can be used to predict in vivo outcomes. In addition to OECD 
Test Guidelines, a variety of initiatives are intended to increase 
implementation of modern toxicological methods in regula-
tory decision making. OECD harmonized data reporting tem-
plates and standards contribute to structured databases and fa-
cilitate sharing chemical safety data globally. A QSAR As-
sessment Framework, which includes a checklist of criteria 
and guidance for considering the suitability of QSAR mod-
els and predictions used in a regulatory context, will be final-
ized in 2023. The Integrated Approaches to Testing and Assess-
ment (IATA) Case Studies Project, in its 9th year, has published  
> 35 examples demonstrating how innovative approaches can 
be used to assess chemical hazards, as well as general and top-
ic-specific guidance associated with IATAs. These projects have 
standardized reporting, evaluation of confidence/uncertainties, 
peer-review, and evaluation of suitability of innovative approach-
es for a variety of regulatory applications. OECD endorsement of 
these IATAs does not mean results are accepted under the agree-
ment on Mutual Acceptance of Data (MAD) but can lead to new 
OECD Test Guidelines (which are covered by MAD) and create 
opportunities where authorities can choose to accept not only da-
ta, but also the second “A”, the assessment of chemicals.
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biomedical research – Progressing 
science through innovation
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Research heavily relies on animal-based models as revealed by the 
latest statistics on the use of animals in the EU showing that 72% 
of them are employed in basic, translational and applied research. 
Since the ultimate aim of the Directive 2010/63/EU is the replace-
ment of animal experimentation with alternatives, targeting this 
domain must be a priority. 

For this reason, EURL-ECVAM performed a series of studies to 
investigate non-animal-based approaches used in biomedical re-
search in seven disease areas: respiratory diseases, breast cancer, 
neurodegenerative diseases, immuno-oncology, immunogenici-
ty testing for advanced medicinal therapy products, cardiovascu-
lar diseases and autoimmune diseases. For each area, several da-
tabases were searched to retrieve relevant publications. In total, 
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ing animal testing and eventual replacement with increased ac-
ceptance of NAMs.
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The “stats” on statistics courses: 
Requirements in select Canadian U15  
graduate programs
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2Canadian Council on Animal Care, Canada 

melanie.gibbons@usask.ca 

Efficient experimental design and rigorous statistical analysis are 
important aspects of reproducible animal-based research. Recog-
nizing that training in experimental design and statistics for re-
search may start in graduate school, the purpose of this study was 
to determine the extent to which graduate courses in experimen-
tal design or statistics are required, recommended, or offered by 
graduate programs in animal science, neuroscience, pharmacolo-
gy, and psychology at Canadian U15 universities. Data on Mas-
ter’s and Ph.D. program requirements were accessed through on-
line academic calendars or equivalent official sources of program 
information. Relevant course offerings were identified through 
keyword searches of course titles and descriptions. Fewer than 
15% of animal science, neuroscience, and pharmacology programs 
had requirements for experimental design or statistics courses, and 
fewer than 30% had recommendations. In contrast, up to 93% of 
psychology programs required these courses, and up to 47% rec-
ommended them. More than 90% of graduate programs in animal 
science and psychology offered courses in experimental design 
or statistics, whereas fewer than 35% of neuroscience and phar-
macology programs had these offerings. Prerequisite course re-
quirements or other registration restrictions were uncommon for 
all courses identified across disciplines. Thus, the extent to which 
experimental design or statistics courses feature in graduate pro-
grams of different disciplines varies, and for three of the four dis-
ciplines evaluated, graduate training in experimental design or sta-
tistics often falls outside of formal program requirements. 

Funding: Natural Sciences and Engineering Research Coun-
cil of Canada Undergraduate Student Research Award, Mitacs 
Accelerate Internship, and Canadian Council on Animal Care
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operational concerns (lack of time or tunnels), and other person-
nel. More misconceptions were reported in year 1 than 3. 

In conclusion, although these results indicate that refined mouse 
handling and related beliefs are improving over time, they also in-
dicate that more work is needed. Educational strategies to encour-
age further implementation may need to change over time from 
addressing core misconceptions to assisting with operational con-
cerns and convincing others.
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Advances in genomics and computational tools have led to bet-
ter acceptance of new approach methods (NAMs) as alternatives 
for animal testing for health assessments of chemicals and drugs. 
Biological endpoints and modes-of-action (MoA) can be inferred 
based on the changes in transcriptional profiles prior to observed 
changes in phenotype. Here, a transcriptomic mechanism called 
alternative splicing (AS) of RNA transcripts was investigated. 
AS involves the combination of various sequences (exons and in-
trons) from nascent RNAs in several ways to generate a variety 
of RNA isoforms from a single gene. AS plays key roles in tran-
scriptional control during cellular physiology, development, and 
the diversification of the proteome. In many diseases, including 
cancer, aberrant AS is strongly linked to disrupted cellular devel-
opment, and its modulation is currently employed as a treatment 
method. However, a deep assessment of chemical-induced AS 
changes in Toxicogenomics has not previously been performed, 
as current studies heavily rely focusing on differential gene ex-
pression (DEG) analyses. By implementing a well-established 
AS analysis pipeline which quantify splicing junction RNA-seq 
reads and splicing events, we identify that chemicals that induce 
oxidative stress, such as Paraquat or Prochloraz, result in wide-
spread changes in AS networks even at doses without observed 
DEGs. Altogether, we uncover a previously underappreciated 
molecular mechanism that can potentially explain the cellular ef-
fects of many chemicals. Here at ScitoVation, we demonstrate the 
latest transcriptomic computational approach for the application 
of the 3Rs in chemical health assessments, in particular reduc-
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Building confidence in a new 
approach to agrochemical 
carcinogenicity assessment
Amber Goetz1, Gina Hilton2, Elaine Freeman3, Kyle 
Wilson3 and Douglas Wolf1 
1Syngenta Crop Protection LLC, United States; 2PETA Science Consortium 
International e.V., Stuttgart, Germany; 3Exponent, Inc., United States 

amber.goetz@syngenta.com 

While the life-time rodent cancer bioassay remains the primary 
study design to support regulatory requirements for carcinogenic-
ity assessment, decades of research have underscored the limita-
tions of its use including the lack of human relevance, low through-
put, high variability, and issues related to animal welfare. Given 
the extensive limitations, case studies are being developed to illus-
trate how an iterative weight-of-evidence (WoE) based approach 
fulfills regulatory carcinogenicity assessment requirements with-
out performing the rat and mouse cancer bioassays. The WoE ap-
proach to carcinogenicity assessment has been shown to be health 
protective by the International Council for Harmonisation of Tech-
nical Requirements for Pharmaceuticals for Human Use (ICH) ex-
pert workgroup and resulted in an addendum to the S1 carcinoge-
nicity assessment guidance. This presentation will share the learn-
ings from a pilot retrospective case study, the iterative process used 
to strengthen a follow-up prospective waiver, and clarification of 
the process to inform the development of a cluster of case stud-
ies to be submitted to the OECD IATA Case Study Project (CSP) 
in 2023. Revisions of the pilot and progress from prospective case 
studies utilizing the reviewers’ guidance and recommendation will 
be presented to outline the critical areas of focus and opportunities 
to strengthen the research and development of agrochemicals. This 
approach must establish confidence in reducing uncertainties asso-
ciated with human safety testing methods without conducting life-
time tests on animals.
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Building value and trust through 
scientific rigor and transparency
Hanno Wuerbel 
University of Bern, Switzerland 

hanno.wuerbel@unibe.ch 

Animal research is regulated under the premise that any harm im-
posed on animals must be indispensable. This is also the legal ba-
sis of the 3Rs principle (replace, reduce, refine), which serves to 
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Integrating enzyme variability  
into PB-K models of  
chemicals and metabolites
Victoria Hull1, David Hines2, Aswani Unnikrishnan1, 
Agnes Karmaus1, David Allen1, Jean-Lou Dorne3, 
Jeremy Erickson4, Parker Combs4, Stephen Ferguson5, 
Kamel Mansouri6 and Nicole Kleinstreuer6 
1Inotiv, United States; 2RTI International, United States; 3European 
Food Safety Authority (EFSA), Italy; 4NIH/NIEHS/DTT/PTB, United 
States; 5NIH/NIEHS/DTT/MTB, United States; 6NIH/NIEHS/DTT/PTB/
NICEATM, United States 

victoria.hull@inotivco.com 

Chemicals that enter the body are metabolized via a number of 
pathways. These rates of metabolism can vary across human pop-
ulations due to genetic variability of metabolic enzymes, meaning 
some populations are more sensitive to effects of parent chemi-
cals or metabolites. Risk assessors apply physiologically-based ki-
netic (PB-K) models to predict the dynamics of tissue concentra-
tions for parent chemicals and their metabolites, but it is difficult 
to use these models to characterize the effects of enzymatic path-
way-related variability. We developed a generalized workflow for 
incorporating pathway-related variability for select Phase I CYP 
and Phase II UGT enzymes across human populations into PB-K 
models. The workflow includes metabolite structures generated 
using SimulationsPlus ADMET Predictor®, PB-K models from 
EPA’s httk package, estimates of inter-individual enzyme variabil-
ity from EFSA literature reports, and parameter predictions from 
OPERA (v2.8). Parent chemical dynamics are simulated following 
initial exposure and the amount of parent metabolized is scaled by 
percent yield to provide an intravenous time series for metabolite 
models. Ranges of parent and metabolite concentrations are esti-
mated by Monte Carlo sampling of enzymatic variability in intrin-
sic clearance. This presentation will demonstrate the dynamics of 
the workflow and include a case study of 10 parent chemicals and 
their metabolites. The workflow provides a characterization of tis-
sue concentration dynamics for potentially toxic chemicals to sup-
port estimates of hazard and risk for sensitive subgroups of an ex-
posed population. Results will eventually be accessible through 
the Integrated Chemical Environment (ICE; https://ice.ntp.niehs.
nih.gov/). 

This project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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ue of inter-laboratory ring trials within the validation process mer-
its discussion, considering how lengthy and expensive they can be. 
As more validation studies are sponsored and managed by method 
developers, ensuring data integrity, transparency and independent 
review of the study is becoming paramount as well. This talk pro-
vides an overview of the challenges and opportunities for adapting 
validation practices to keep pace with scientific progress whilst en-
suring scientific confidence and the protection of human and envi-
ronmental health. Examples of current validation studies applying 
new practices will be presented and discussed.
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The process and importance of 
integrating NAMs in GHS
João Barroso and Silvia Casati 
European Commission, Joint Research Centre, Ispra, Italy 

joao.barroso@ec.europa.eu 

Historically, hazard categories defined under the Globally Harmo-
nized System of Classification and Labelling of Chemicals (GHS) 
have relied on bounds set exclusively by results from animal tests. 
However, there has been recent effort to include in GHS new types 
of non-animal information for classifying certain hazards, for ex-
ample, skin corrosion/irritation, serious eye damage/eye irritation 
and skin sensitisation. These types of data are being given high-
er weight under GHS than before and can in many cases now be 
used on their own to conclude that no classification is warranted. 
One of the main features of GHS is the principle of test method 
neutrality, which permits the use of validated methods/approach-
es other than OECD Guidelines for classification purposes. The 
use of non-guideline methods may be particularly useful to clas-
sify into categories not covered by current OECD Guidelines. An-
other important evolution in GHS brought by the recent revision 
of the chapters on serious eye damage/eye irritation and skin sen-
sitisation is the introduction of the concept of Defined Approaches 
and their use for classification. Importantly, for all endpoints men-
tioned above, the New Approach Methodologies (NAMs) incor-
porated were validated against the animal endpoints; therefore, 
classification using NAMs is straightforward. For other hazard 
categories, comparison with the animal endpoints may not be ap-
propriate, and more innovative approaches may be needed to artic-
ulate categories that are amenable to description using NAM-de-
rived data. This presentation will describe the GHS review process 
and lessons learned from recent experience that is relevant to fu-
ture application of NAM data to classification.
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minimize harm to animals in research. However, the 3Rs are just 
one among several ethical principles needed to determine the in-
dispensability of animal research. Ultimately, the decision is tak-
en by ethical deliberation in a harm-benefit analysis (HBA). Yet 
unless study findings are valid and reproducible, animals may be 
harmed without producing any benefit. Sources of poor reproduc-
ibility include poorly validated animal models (poor construct va-
lidity), a lack of scientific rigor (poor internal validity), and rig-
orous standardization (poor external validity). I have therefore 
proposed the 3Vs principle for assessing the scientific validity of 
animal research. Moreover, the 3Vs together with the 3Rs and the 
HBA represent the principle of proportionality by which funders, 
regulators, and editors can formally assess the indispensability of 
animal research. Thus, to be deemed indispensable, a study needs 
to be suitable (determined by the 3Vs), necessary (determined by 
the 3Rs), and reasonable (determined by an HBA). Finally, as im-
portant societal interests determine the legitimate aims of animal 
research, we should treat results from animal research as com-
mon (public) goods. This further implies that animal research must 
be transparent, collaborative and efficient, the very principles of 
Open Research. Therefore, for animal research to be ethically re-
sponsible, it should also be based on preregistration of study pro-
tocols, unconditional data sharing, and comprehensive reporting of 
all results.
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The future of validation:  
It’s not all about ring trials
João Barroso 
European Commission, Joint Research Centre, Ispra, Italy 

joao.barroso@ec.europa.eu 

The principles of validation in a regulatory context were first es-
tablished in the 1990s and gained international recognition with 
the adoption of OECD Guidance Document No. 34 (GD 34) in 
2005, where validation is defined as the process by which the re-
liability and relevance of a particular approach or method is es-
tablished for a defined purpose. Even if these principles of valida-
tion remain relevant today and the process described in GD 34 was 
successful in pioneering the regulatory acceptance of non-animal 
methods, an evolution of practices is needed to embrace emerging 
technologies, the increasing complexity of the information mea-
sured (e.g., ’omics), and the need for data integration to address 
complex endpoints. Recognising this need, the OECD organised 
a workshop in 2022 to discuss how to prepare the Test Guidelines 
Programme for emerging technologies. Also, the European Com-
mission submitted a proposal to the OECD to revise GD34 in order 
to address some key provisions. For example, the purpose and val-
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Policy for science: The role  
of policymakers in supporting 
innovative science
Francois Busquet1 and Leonie Mueller2 
1Altertox, Belgium; 2Altertox, Germany 

francois.busquet@altertox.be 

This presentation aims to present a methodology to map the evo-
lution of European Parliament’s positions on animal testing and 
alternative methods over time, across political groups, member 
states and national delegations in order to understand how disrup-
tive innovations such as NAMs (New Approach Methodologies) 
can eventually be integrated into policy. The study relies on anal-
ysis of public votes of the Members of the European Parliament 
(MEP) related to animal testing and alternatives methods, using 
the database of Votewatch, an ex-Brussels-based NGOs collecting 
data on the reports put to vote in plenary. By analyzing the amend-
ments’ scope (ethical, reliability of the method, environmen-
tal or economic…) across reports and political mandates, and the 
votes they gathered across the political spectrum, the methodolo-
gy intends to identify how new arguments and wording regarding 
NAMs and laboratory animals are perceived by MEPs throughout 
time. Ultimately the study will highlight how from an ethical con-
cern, animal replacement is becoming a scientific issue or not, but 
also identify areas of concerns for policy makers explaining reluc-
tancy to change. Ultimately, this study will help understand how to 
better communicate science to policy makers to improve legal ac-
ceptance of disruptive and promising technologies such as NAMs 
as well as providing a framework to perform this analysis with oth-
er topics.
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In vitro determination of a point 
of departure for next generation 
risk assessment (NGRA) of skin 
sensitizers: Reproducibility 
and precision of the GARDskin 
dose-response assay
Andy Forreryd1, Shashi Donthamsetty2, Paul 
Sterchele2, Xiao Huang2, Gregory Ladics2, Mihwa Na3, 
Isabelle Lee3, Anne Marie Api3, Robin Gradin1 and 
Henrik Johansson1 
1SenzaGen AB, Sweden; 2International Flavors & Fragrances, United 
States; 3Research Institute for Fragrance Materials, United States 

andy.forreryd@senzagen.com 

New Approach Methods (NAMs) for the assessment of skin sensi-
tizers have been adopted as OECD Test Guidelines (TGs), support-
ing hazard- and GHS potency classifications. However, more gran-
ular potency data are needed to derive a point-of-departure (PoD) 
for quantitative risk assessment (QRA) for identified skin sensi-
tizers. 

The GARDskin assay (OECD TG 442E) provides binary hazard 
classifications. A modified version of the protocol incorporating 
dose-response measurements has recently been described which 
uses linear models for the prediction of LLNA EC3/Human No 
Expected Sensitization Induction Levels (NESIL) values. 

This study aims to perform a pre-validation exercise to evalu-
ate precision and reproducibility of the assay and illustrate how 
it can be implemented into available NGRA-framework to deter-
mine safe use levels in consumer products by evaluating 17 fra-
grance materials in a blinded study. Reproducibility was assessed 
by evaluating 11 of the materials in three replicate experiments. 
Results illustrate that predicted LLNA EC3/human NESIL val-
ues correlate well with reference data (geometric mean fold-error: 
3.8 and 2.5, respectively), and that the continuous potency predic-
tions are reproducible between experiments (geometric mean fold-
change: 2.9). 

A case study using isocyclocitral was used to illustrate how the 
assay can be implemented into an NGRA-framework. The predict-
ed NESIL value was used within a weight-of-evidence approach 
to derive a PoD for use in a QRA. Here, we were able to demon-
strate how the method can be used as a source of information to 
derive a PoD and predict an acceptable exposure level to ensure 
product safety, avoiding the generation of new animal data.
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Data-driven decision-making 
using advanced high-throughput 
environmental risk assessment 
of fragrance materials
Aurelia Lapczynski1, Heather Summers2 and 
Christopher Stevens2 
1Research Institute for Fragrance Materials, United States; 2Integral 
Consulting Inc., United States 

alapczynski@rifm.org 

For more than 20 years, environmental risk screening frameworks 
such as Salvito et al. [1] have been effective tools to evaluate the 
environmental safety of fragrance materials and reduce the need 
for bench-top toxicity testing. In light of the rapid growth in glob-
al use of fragrance materials, we propose an update to the Salvito 
et al. framework to expand its geographic scope and to incorporate 
recent advances in environmental exposure science and ecological 
hazard characterization. In this presentation, we describe the up-
dated framework detailing its expanded geographies, real-time ac-
cess to the most current population and hydrological data, estimat-
ed environmental exposure using wastewater treatment plant sim-
ulation models and biodegradation, material categorization based 
on mode of action (MoA), application of an MoA-based ecologi-
cal threshold of concern, and its streamlined execution. The tool’s 
methods and outcomes are illustrated through a proof-of-concept 
exercise. The updated framework is an enhanced risk assessment 
tool that enables users and suppliers of fragrance materials to per-
form timely assessments of thousands of fragrance materials in or-
der to maintain a high degree of environmental protection and sup-
port science-based decisions related to product formulations.

Reference
[1] Salvito et al. (2002). Environ Toxicol Chem 21, 1301-1308.
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Changing handling practices  
to improve animal  
welfare and scientific outcomes
Judy Murray, Patricia V. Turner and Carly O’Malley 
Charles River Laboratories, United States 

judy.murray@crl.com 

Refinements in everyday activities, particularly handling and re-
straint, are accessible to all that work with animals and have di-
rect positive physiological impacts, particularly for mice, reduc-
ing chronic stress and improving scientific outcomes. Howev-
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Generation of an alveolus-on-chip  
model for personalized drug 
screening against viral-bacterial 
co-infections in viral pneumonia
Hristina Koceva1, Lena Gauthier2,3,4, Bianca 
Hoffman5, Christina Ehrhardt3, Christian Eggeling2,4, 
Marc Thilo Figge5 and Alexander Mosig1 
1Institute of Biochemistry II, Jena University Hospital, Jena, Germany; 
2Department Biophysical Imaging, Leibniz Institute of Photonic 
Technologies e.V., Jena, Germany; 3Section of Experimental Virology, 
Institute of Medical Microbiology, Jena University Hospital, Jena, 
Germany; 4Institute of Applied Optics and Biophysics, Friedrich-Schiller 
University, Jena, Germany; 5Applied Systems Biology, Leibniz Institute 
for Natural Product Research and Infection Biology – Hans Knöll Institute 
(HKI), Jena, Germany 

hristina.koceva@med.uni-jena.de 

Secondary bacterial infections are a frequent complication of in-
fluenza virus (IV) infections that can manifest as seasonal epidem-
ics and occasional pandemics. To date, there are no specific med-
ications for treating IV – bacterial super-infections. Animal mod-
els and conventional cell culture approaches have been frequently 
used to study the underlying pathogenesis of co-infections. How-
ever, existing in vitro techniques typically fall short of accurate-
ly capturing the complexity of the lung, while animal models fre-
quently can’t adequately represent the human lung. Thus, novel 
patient-specific test systems are urgently required to develop ef-
fective anti-infective treatments for secondary bacterial infections. 

Existing lung-on-chip models mostly use immortalized cell 
lines or primary cells which are both associated with inter-indi-
vidual variability and the risk of allogeneic responses in immuno-
competent models due to mixing up cell material from different 
donors. To overcome this limitation, human-induced pluripotent 
stem cells (hiPSCs) were differentiated into alveolar type II cells 
(AT2s) and complemented with isogenic iPSC-derived endotheli-
al cells and macrophages. Using tissue engineering, we recreated 
the alveolar barrier with an air-liquid interface in a microfluidi-
cally perfused biochip. We were able to successfully infect AT2s 
with IV and used immunofluorescence microscopy to track cell 
type-specific progression of the infection process. By employing 
hiPSCs from various donors, we will evaluate novel medication 
options and the patient-specific response to viral-bacterial co-in-
fections in the novel alveolus-on-chip model. 

References 
[1] Schicke, E. et al. (2020). Microorganisms 8, 4. 
[2] Deinhardt-Emmer, S. et al. (2020). Biofabrication 12.  
[3] Jacob et al. (2021). Nat Protoc 14. 
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ASPA (ASPIS Safety Profiling Algorithm). ASPA is a tiered ap-
proach that defines a decision logic to prioritize and filter informa-
tion in order to guide data generation and interpretation for trans-
parent and consistent decision-making. Ultimately, ASPIS will ac-
celerate and improve animal-free chemical risk assessment in the 
EU through the development of NAMs and an NGRA framework 
to reliably detect, regulate, and mitigate human exposure to tox-
ic substances. This knowledge allows for informed decisions in 
chemical risk assessment and regulatory acceptance that safeguard 
human and environmental health while facilitating the develop-
ment of safe and sustainable products.
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Different types of meta-analysis  
to replace animal  
experiments using literature data
Cathalijn Leenaars and André Bleich 
Hannover Medical School, Hannover, Germany 

Leenaars.Cathalijn@mh-hannover.de 

Background: Systematic reviews and meta-analyses can be used 
to find and select between new alternative methods, but if an ad-
equate amount of literature is available, they can even be used to 
effectively replace new animal experiments. Implementation may 
increase with improved familiarity with these methods. 

Aim: This presentation will describe new and known meta-anal-
ysis methods which can aid reduction and refinement of animal 
use throughout the field of laboratory animal experimentation, in 
a manner that is accessible and comprehensible also for attending 
scientists with relatively little statistical background. 

Content: The discussed types of meta-analysis to replace ani-
mals by combining data from literature will at least comprise:  
1.) simple meta-analyses which can be used instead of pilot ex-
periments; 2.) meta-regression, which allows for interpolation 
and thereby predicting untested changes in experimental set-up;  
3.) network meta-analyses, which allow for indirect comparisons 
of interventions; and 4.) cumulative meta-analyses, showing if and 
when overall research findings result in an overall stable outcome 
estimate, indicating that further experiments are no longer neces-
sary. The theoretical explanations will be illustrated with exam-
ples from the laboratory animal sciences, providing examples of 
replacement and reduction of animal use. 

Conclusion: The presentation will provide sufficient informa-
tion on how to gather literature data reliably and reproducibly, and 
tips on how to get started with these types of analyses.
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er, changing longstanding procedures is a challenge that requires 
a multi-pronged approach to build support for implementation of 
low stress handling (LSH) throughout an organization. This effort 
has required consensus building with management, operations, 
veterinarians, trainers, and those working in the rooms. A bench-
marking survey of current practices across sites and business units 
globally was conducted to determine the prevalence of handling 
practices for infant/juvenile, young adults, pregnant, and older/less 
handled mice, and rats. Pilot studies to investigate the feasibility 
of LSH of mice in a production setting, tunnel handling specifical-
ly, were conducted within an isolator and a barrier facility. We also 
conducted studies at multiple North American Safety Assessment 
sites to identify preferred handling practices for rats. There have 
been multiple presentations to management, operation managers, 
trainers, discussions during site visits, as well as during role specif-
ic calls with behavior management, animal welfare, and resiliency 
building networks. E-learning materials and webinars have been 
provided to raise awareness of the benefits of LSH. These efforts 
have built consensus and support for implementation of LSH for 
mice and rats across multiple business units, at 79 sites, in 11 coun-
tries. Participants will learn from the many challenges encountered 
throughout this process and the valuable lessons learned that can 
inform others’ efforts to implement LSH in mice and rats.
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ASPIS strategy towards animal-free 
safety assessment of chemicals
Jonathan Freedman1 and John Colbourne2 
1University of North Carolina – Chapel Hill, United States; 2University of 
Birmingham, United Kingdom 

Jon.Freedman@wormtox.org 

The safety of hundreds of thousands of chemicals in market prod-
ucts remains unknown due to the high cost and slow pace of tradi-
tional animal testing. To address this problem, the EU Research & 
Innovation Programmes invested €60 million to better understand 
the risks associated with chemical exposure by funding three con-
sortia; RISK-HUNT3R, ONTOX, and PrecisionTox. These con-
sortia are assembled into ASPIS (Animal-free Safety assessment 
of chemicals Project cluster for Implementation of novel Strate-
gies), which currently consists of more than 70 institutions across 
16 European countries and the U.S. ASPIS is adopting new ap-
proach methodologies (NAMs) using multi-species and in vitro 
omics technologies; robust in vitro and in silico methodologies; 
and artificial intelligence. This innovative science for societal 
change supports biomarker, quantitative AOP and database devel-
opment. Furthermore, it is integrating these efforts to develop a 
Next Generation Risk Assessment Framework (NGRA) entitled 
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healing process and outcome was identified, mice housing became 
more hygienic and developed ever more towards highly sterile and 
sealed off conditions. Here we show a difference in bone healing 
outcome depending on different housing conditions with a signifi-
cantly better healing under sterile conditions. 

We investigated bone fracture models in mice and compared 
one group kept in conventional housing conditions to another 
kept in IVCs. Surgery, surgeon, post-surgery lifetime as well as all 
treatments were identical. The housing implied significant differ-
ences in the immune composition of the animal groups. A signifi-
cantly higher percentage of effector memory T-cells in the conven-
tionally housed animals caused a significant delay in bone healing. 
A therapeutic approach to intentionally treat delayed bone heal-
ing only showed promising results in IVC housed animals with 
a naïve immune composition. In conventionally housed animals, 
however, this same therapeutic approach significantly worsened 
bone regeneration in 50% of the tested animals, due to elevated ef-
fector memory T-cell subsets in those animals. 

We conclude that housing in IVCs does not allow the matura-
tion of an immune experience and – in addition – impacts the heal-
ing outcome. Thus, any results found and conclusions drawn from 
IVC housed animals should be carefully reconsidered. Especially 
in a translational setting such housing conditions may not allow 
to properly predict any patient-relevant pre-clinical evaluation of 
therapeutic concepts.
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Automated platform for creating  
patient-derived glioblastoma 
organoids and high throughput drug  
screening
Yuval Daskal1, Yaakov Nahmias1 and Jeremy N. Rich2 
1Grass Center of Bioengineering, The Hebrew University, Jerusalem, Israel; 
2Department of Stem Cell Biology and Regenerative Medicine, Lerner 
Research Institute, Cleveland Clinic, Cleveland, OH, United States 

yuval.daskal@mail.huji.ac.il 

Glioblastoma (GBM) is the most prevalent primary intrinsic brain 
tumor and amongst most lethal forms of cancer with a median sur-
vival of 14.6 months. Current drug development efforts are hin-
dered by inadequate models that does not recapitulate the tumor’s 
complexity. Recent studies suggest the presence of self-renewing, 
tumor-propagating cancer stem cells (CSCs) play a crucial role in 
the resistance to conventional therapies. We developed a meth-
od to use CSCs isolated from GBM patients to creating vascular-
ized multi-zonal patient derived GBM microtumors suitable for 
drug screening. The microtumors display multiple tumoral nich-
es, a vast cellular heterogeneity, clinical features and treatment re-
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Recent developments in preclinical 
systematic review methodology
Cathalijn Leenaars1, Frans Stafleu2 and André Bleich1 
1Hannover Medical School, Hannover, Germany; 2Utrecht University, 
Utrecht, The Netherlands 

Leenaars.Cathalijn@mh-hannover.de 

Background: While systematic reviews are extremely useful in re-
ducing and replacing animal research, they are currently not being 
used to their full potential. Reasons for this are: 1.) limited familiar-
ity with the method, 2.) they require a lot of time, and 3.) the term 
“systematic review” is devaluating because of inappropriate use. 

Aim: This presentation will aid to tackle all these reasons, by 
summarizing several important methodological developments for 
different parts of the review process. 

Content: We will describe advances from our and other groups 
for all phases of the review process, starting with the selection of 
the appropriate review type. The use and limits of search filters 
will be briefly discussed, followed by the importance and prob-
lems with reporting search strategies in a reproducible manner. 
Next, different tools that can be used for screening and data ex-
traction will be compared both qualitatively (focusing on user ex-
periences) and systematically (with a feature analysis). Then we 
will highlight possible concerns with the implementation of AI us-
ing algorithms that have only been tested on human literature for 
reviews of animal studies and alternative methods, and our tests to 
assess if these concerns are legit. Furthermore, optimal process-
es for data extraction, and consistency between extractors, will be 
presented. The presentation will finish with and an evaluation of 
different methods for assessing study quality. 

Conclusion: Systematic reviews remain time-consuming, but 
recent methodological developments can greatly aid reviewers.
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Housing matters – Realistic 
human model systems depend on 
realistic exposure to pathogens
Agnes Ellinghaus, Katja Reiter, Christian Bucher, 
Georg Duda and Katharina Schmidt-Bleek 
Julius Wolff Institute, Berlin Institute of Health at Charité – 
Universitätsmedizin Berlin, Berlin, Germany 

agnes.ellinghaus@bih-charite.de 

The purpose of our analyses was to evaluate the impact of con-
ventional compared to individually ventilated cages (IVC) hous-
ing for rodents. While the importance of the immune system on 
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hospitalized due to COVID-19 supported in vitro findings. Pa-
tients taking fibrates showed significantly lower markers of im-
munoinflammation and faster recovery. Additional corroboration 
was received by comparative epidemiological analysis from co-
horts in Europe and the United States. A subsequent prospective 
non-randomized interventional open-label study was carried out 
on 15 patients hospitalized with severe COVID-19. Patients re-
ceiving fenofibrate demonstrated a rapid reduction in inflamma-
tion and a significantly faster recovery compared to patients ad-
mitted during the same period. 

Taken together, our data suggest that pharmacological modula-
tion of PPARa should be strongly considered as a potential ther-
apeutic approach for SARS-CoV-2 infection and emphasizes the 
need to complete the study of fenofibrate in large randomized con-
trolled clinical trials.
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Roadmap for NAMs-mixtures 
assessment: Environmental pollutants
Jose V. Tarazona, Maria del Carmen Gonzalez-
Caballero and Mercedes de Alba-Gonzalez 
Spanish National Environmental Health Center, Instituto de Salud Carlos 
III, Spain 

jtarazona@isciii.es 

The assessment of environmental pollutants a) involves thousands 
of chemicals; b) requires aggregation of oral and inhalation expo-
sures; and c) each individual has different exposure patterns. This 
has triggered conceptual approaches, such as “individualized ex-
posomes”; supported by geographically rereferred models. Tech-
nological developments are offering innovative tools for conduct-
ing environmental health assessments, getting adequate toxicity 
data is the main limitation. NAMs appear as the ideal solution but 
requires new conceptual approaches. This session will present a 
roadmap currently under development as part of the Horizon Eu-
rope Partnership PARC https://www.eu-parc.eu/. The scientific hy-
pothesis supporting this proposal combines NAM-based mecha-
nistic understanding of mixture toxicity, with in silico modelling 
tools for aggregating exposure and effects. The roadmap integrates 
ecological status and human health through landscape risk assess-
ments under “One Health”. The approach supports sustainability 
assessments for combined exposures and also the use of ecologi-
cal systems as environmental health sentinels. Generic landscape 
scenarios cover the urban environment; complemented with local 
point-sources for industrial emissions and hot-spots, while land-
scape agricultural scenarios cover pesticides and other agrochem-
icals. Exposure via food and drinking water is addressed at “pop-
ulation group” level, combining diets with environmental param-
eters, monitoring/market data, and landscape-based predictions. 

sponses. Furthermore, we developed a method for precise robotic 
deposition of these microtumors, allowing micro-sensors embed-
ding, real-time metabolic monitoring and dye-free high throughput 
drug screening, with performance surpassing traditional in-vivo 
models. Kinetic screening of 126 FDA approved anti-cancer drugs 
in patient-derived organoids with different backgrounds uncover 
unique universal response patterns to different cancer treatments. 
Concurrent screening conducted on liver organoids revealed 
that slow-acting drugs, which are commonly missed in standard 
screens due to their delayed effect, seem to damage CSCs particu-
larly, while exhibiting reduced toxicity in neighboring tissues. The 
screen evaluates drugs based on their therapeutic window, rather 
than cytotoxicity, detecting more effective treatments. Network 
analysis uncovers novel pathways that shed light on basic mecha-
nisms underlying the CSCs response to anti-cancer treatment. Our 
platform offers a new approach for drug development and screen-
ing for complex tumors, providing valuable information for both 
novel drugs and repurposing attempts.
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Efficacy and safety of metabolic 
interventions for the treatment 
of severe COVID-19: In vitro, 
observational, and non-randomized 
open label interventional study
Avner Ehrlich1, Yuval Daskal1, Yaakov Nahmias1 and 
Shlomo Maayan2 
1Grass Center of Bioengineering, The Hebrew University, Jerusalem, Israel; 
2Division of Infectious Diseases, Barzilai Medical Center, Ashkelon, Israel 

yuval.daskal@mail.huji.ac.il 

Viral infection is associated with a significant rewire of the host 
metabolic pathways, presenting attractive metabolic targets for 
intervention. We chart the metabolic response of lung epithelial 
cells to SARS-CoV-2 infection in primary cultures and COVID-19 
patient samples and perform in vitro metabolism-focused drug 
screen. We perform observational analysis of Israeli patients hos-
pitalized due to COVID-19 and comparative epidemiological anal-
ysis from cohorts in Italy and the United States. In addition, we 
perform a prospective non-randomized interventional open-label 
study in which 15 patients hospitalized with severe COVID-19 
were given 145 mg/day of nanocrystallized fenofibrate added to 
the standard of care. 

SARS-CoV-2 infection produced transcriptional changes asso-
ciated with increased glycolysis and lipid accumulation. Metab-
olism-focused drug screen showed that fenofibrate reversed lip-
id accumulation and blocked SARS-CoV-2 replication through a 
PPARa-dependent mechanism. Analysis of 3,233 Israeli patients 
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Formal courses for college  
students to sensitize about NAMs:  
Catch them young
Mohammad Abdulkader Akbarsha 
National College (Autonomous), Tiruchirappalli, India & Society for 
Alternatives to Animal Experiments-India, India 

rc@nct.ac.in 

“An obstacle in shifting the current research paradigm is the lim-
ited availability of educational and training courses on animal 
free methods and approaches” (Hermann et al., 2019). There 
must be effort to inculcate the ideas and practice “when young” 
so that when these clientele take to science as career they are al-
ready sensitized about and infused with confidence for practice 
the NAMs. This was realized in India in the context of establish-
ment of Mahatma Gandhi-Doerenkamp Center (MGDC) by the 
Doerenkamp-Zbinden Foundation, Switzerland, which later be-
came the National Center for Alternatives to Animal Experiments 
(NCAAE), and then the Society for Alternatives to Animal Exper-
iments. The Centers and the Society have been engaged in training 
college and university students in in vitro and in silico approaches, 
and alternative model organisms. Starting 2010, more than 30 such 
training workshops, with clearly defined curricula, have been con-
ducted. Industry and CRO partners facilitated the transformation. 
A four-credit elective course has been designed and offered to the 
graduate students of different streams of Life Sciences. Special ef-
fort, with support from voluntary organizations, was put to discon-
tinue dissections as aspect of learning of human and animal anato-
my from school and college curricula, and digital alternatives have 
been introduced. The more than 100 training workshops to college 
and school students, and persistent pressure on the regulatory au-
thorities made this possible. These endeavors may be adopted else-
where as well to bring up the next and upcoming generations of 
students and trainers adequately sensitized, informed and trained 
in NAMs.
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In vitro approaches and AOP networks are proposed for the inte-
gration of combined effects. The novelty is to quantify the pro-
gression towards adversity through the Key Events Relationships 
(KER), as combined exposure modulates the KER, also for chem-
icals acting through other AOPs indirectly connected as part of a 
network. Case studies will be presented for discussion.
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Chemical mixture risk assessment  
in Europe
Philip Marx-Stoelting, Denise Bloch and Tewes Tralau 
German Federal Institute for Risk Assessment, Berlin, Germany 

philip.marx-stoelting@bfr.bund.de 

Data driven approaches for risk assessment of combined exposure 
to multiple chemicals are successfully applied by regulators to en-
sure a high level of food safety. For pesticide active substances 
cumulative assessment groups (CAGs) were built based on com-
prehensive toxicity data. Cumulative risk assessment (CRA) was 
performed for these CAGs considering wide-ranging exposure in-
formation also for sensitive parts of the population based on con-
servative assumptions. So far, no elevated risk has been detected 
for the CAGs on thyroid and nervous system due to combined ex-
posure to multiple pesticide residues. 

For other groups of compounds with less comprehensive data 
packages like contaminants, structure based grouping and relative 
potency factors are used for CRA. Additionally whole mixture ap-
proaches, taking into account exposome data and new approach 
methods (NAM) for mechanism and adverse outcome pathway 
driven hazard identification are discussed. Their implementation 
would facilitate CRA across regulatory domains. 

A roadmap for action on risk assessment of combined exposure 
to multiple chemicals (RACEMiC) was prepared. Within a num-
ber of European projects such as EuroMix or more recently PARC 
steps toward the development and implementation of such meth-
ods have been undertaken.
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Pain in experimental animal studies 
and the non-affiliated member?
Art Vernon 
Feinstein Institute for Medical Research, Northwell Health, United States 

ravart73@gmail.com 

Any study that is likely to cause “severe” suffering in experimen-
tal animals requires serious review in an appropriate way. Each 
nation or jurisdiction has established minimum methods and cri-
teria for this effort. In the United States, we operate under guide-
lines from the national Public Health Service and the US Dept of 
Agriculture. We also have to deal with the New York State Health 
Department. As the non-affiliated member of our Institutional An-
imal Care and Use Committee (IACUC) for the past 10 years, I 
have been privy to many protocols dealing with these issues, in-
cluding Category E protocols, and the serious, often lengthy dis-
cussions in our committee. Some of the issues we have dealt with 
are: post-operative pain management, criteria for humane end-
point determinations and adequate monitoring of animals having 
undergone extensive surgery. I will share how the IACUC reviews 
proposals, mitigates pain and suffering of subject animals and, 
most important to me, the essential contribution of the non-affili-
ated member to the entire process.
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The next evolution in animal 
welfare assessment standards
Michael Walker and Marc Avey 
CCAC, Canada 

mwalker@ccac.ca 

Purpose: The Canadian Council on Animal Care (CCAC) is the 
national peer-review organization responsible for setting, main-
taining, and overseeing the implementation of standards of eth-
ical care and use of animals in science throughout Canada. In 
2021 the CCAC published new national standards for animal 
welfare assessment, and in 2023 is set to publish new standards 
on categories of welfare impact. 

Process: The standards update process included the synthesis 
of evidence and expert opinion by an expert subcommittee with 
both an external expert and public review of drafts. In addition, 
the process includes oversight from representatives of national 
members organizations. 

Changes: Together, these standards shift the focus away from 
the scientific procedures performed on animals and towards un-
derstanding how the animals experience the world in which they 
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History in the making:  
The European Citizens’ Initiative 
to End Animal Testing
Julia Baines1, Sabrina Engel2, Anne Meinert2, Janneke 
Hogervorst3, Tina Stibbe2, Franziska Grein4 and Gilly 
Stoddart1 
1PETA UK, United Kingdom; 2PETA Germany, Germany; 3PETA UK, The 
Netherlands; 4PETA UK, France 

juliab@peta.org.uk 

In 2021, animal protection organisations united across Europe, 
with the support of key industry stakeholders, to launch the “Save 
Cruelty Free Cosmetics – Commit to a Europe Without Animal 
Testing” European citizens’ initiative (ECI). Addressing key pol-
icy threats to and opportunities for advancing animal-free science, 
the initiative called for robust implementation of the existing EU 
ban on animal testing for cosmetics ingredients, for a transforma-
tion of chemicals regulation by focusing on the implementation of 
non-animal methods, and for a commitment to plotting a phase-
out of all experiments on animals. As a formal mechanism by 
which European nationals can call on the European Commission 
to propose new legislation, an ECI must gain the support of at least  
1 million EU citizens in the form of signatures, reaching a mini-
mum threshold across at least seven different countries. Follow-
ing a provocative year-long campaign, this initiative was validated 
with over 1.2 million statements of support and passed the mini-
mum target in an outstanding 22 different countries, demonstrat-
ing pan-European support for ending animal testing. At the time 
of writing, organisers of the initiative are due to meet with Com-
mission representatives and to be offered a hearing in the Europe-
an Parliament before a final decision is expected on the legislative 
proposals late in July 2023. Marking a pivotal moment in histo-
ry, we summarise the trajectory of the initiative, make recommen-
dations to support the transition to animal-free science, and draw 
conclusions on the outcomes and next steps of the bold policy pro-
posals made.
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impact experience in their lifetime (Category D or E) and the 
assessment should incorporate both physical and psychological 
impacts. 

Conclusion: The new national standards require earlier inter-
ventions to reduce negative welfare impacts and set a clear limit 
on severe/high welfare impact experiences for animals used for re-
search, testing, and teaching in Canada.
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Technical framework for enabling 
high quality measurements in new 
approach methodologies (NAMs)
Elijah Petersen1, John Elliott1, John Gordon2, Nicole 
Kleinstreuer3, Emily Reinke4, Matthias Roesslein5 and 
Blaza Toman1 
1NIST, United States; 2CPSC, United States; 3NICEATM, United States; 
4Inotiv Inc., United States; 5EMPA, United States 

elijah.petersen@nist.gov 

New approach methodologies (NAMs) are in vitro, in chemico, 
and in silico or computational approaches that can potentially be 
used to reduce animal testing. For NAMs that require laboratory 
experiments, it is critical that they provide consistent and reliable 
results. While guidance has been provided on improving the repro-
ducibility of NAMs that require laboratory experiments, there is 
not yet an overarching technical framework that details how to add 
measurement quality features into a protocol. In this manuscript, 
we discuss such a framework and provide a step-by step pro-
cess describing how to refine a protocol using basic quality tools: 
cause-and-effect analysis, flowcharts, check sheets, control charts, 
histograms, and scatterplots. The steps in this framework include 
1) conceptual analysis of sources of technical variability in the as-
say, 2) within laboratory evaluation of assay performance, 3) sta-
tistical data analysis, and 4) determination of method transferabil-
ity (if needed). While each of these steps has discrete components, 
they are all inter-related and insights from any step can influence 
the others. Following the steps in this framework can help reveal 
the advantages and limitations of different choices during the de-
sign of an assay such as which in-process control measurements to 
include and how many replicates to use for each control measure-
ment and for each test substance. Overall, the use of this technical 
framework can support optimizing NAM reproducibility, thereby 
supporting meeting research and regulatory needs.
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live, that is, their welfare. Going beyond daily health checks, 
welfare assessments should be an integration of information col-
lected during husbandry activities, during and after experimen-
tal procedures, and any additional assessment tools required. It 
is crucial to recognize that an animal’s welfare is impacted by 
more than just the scientific procedures performed on it; their 
environment and phenotype can also have large impacts on their 
welfare. 

Conclusion: These new national standards shift away from fo-
cusing on animal health and the procedures performed on ani-
mals. Instead, these national standards are promoting a holistic 
focus on the experiences of individual animals. This is an im-
portant shift in the culture of animal use and is the next step to 
improving scientific animal welfare in Canada.
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Rethinking endpoints – 
Setting national standards 
for the 21st century
Marc Avey and Michael Walker 
CCAC, Canada 

mavey@ccac.ca 

Purpose: The Canadian Council on Animal Care is the nation-
al peer-review organization responsible for setting, maintaining, 
and overseeing the implementation of standards of ethical care 
and use of animals in science throughout Canada. In 2022 the 
Canadian Council on Animal Care published updated national 
standards for the identification of scientific endpoints, humane 
intervention points, and cumulative endpoints. 

Process: The standards update process included the synthesis 
of evidence and expert opinion by an expert subcommittee with 
both an external expert and public review of drafts. In addition, 
the process includes oversight from representatives of national 
members organizations. 

Changes: The standards introduce the concept of “humane 
intervention points”. When the criteria for humane interven-
tion points are met, an intervention to address the negative wel-
fare state is required, but this action is not necessarily euthana-
sia. Welfare-protecting interventions must occur as early as pos-
sible and can range from supportive care to removing animals 
from scientific activity. In addition, the new standards set re-
quirements for cumulative endpoints: the point at which an in-
dividual animal should be considered to have reached their life-
time maximum involvement in scientific activities. Importantly, 
animals should be subjected to only one severe or high welfare 
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ternal compassion fatigue resiliency programs. However, current-
ly these programs are neither widespread nor formally and open-
ly evaluated. Therefore, the purpose of this project was to develop 
institutional resources and evaluate them via a longitudinal inter-
vention trial. 

Six research institutions were recruited to participate in a two-
year pre-post intervention trial. A mixed methods survey was de-
veloped to evaluate professional quality of life, stress, resiliency, 
job satisfaction, retention, and factors influencing compassion fa-
tigue resiliency. Quantitative data were analyzed via general linear 
models and qualitative data were analyzed by theme. 

Baseline data was collected from 200 participants. Personnel 
who reported higher compassion satisfaction also reported higher 
retention and job satisfaction. Conversely, personnel who reported 
higher burnout also reported lower job satisfaction. In response to 
open-ended questions, participants said their compassion fatigue 
was impacted by institutional culture (70% of participants), an-
imal research (58%), general mental health (41%), and specific 
compassion fatigue support (24%). 

In conclusion, these results show that professional quality of life 
is related to important operational metrics of job satisfaction and 
retention. Furthermore, compassion fatigue is impacted by factors 
beyond working with research animals, including institutional cul-
ture and general mental health support. Overall, this project pro-
vides rationale, resources, and insight for institutional support of 
compassion fatigue resiliency.
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A six-step strategy for a roadmap 
towards animal free-science 
in the United Kingdom
Kimberley Jayne, Julia Baines and Gilly Stoddart 
People for the Ethical Treatment of Animals UK, United Kingdom 

kimberleyj@peta.org.uk 

The UK government has stated its ambition for the nation to be-
come a “science superpower” by 2030. However, a recent parlia-
mentary report highlighted how the country’s science and technol-
ogy strategy is “unfocused” and lacks an overarching vision and 
implementation plan, meaning there is a risk that this goal could 
become an empty slogan. The UK needs a government-led strate-
gy for basic research and regulatory testing to position itself at the 
forefront of global science. Building on international progress in 
transitioning to animal-free science, a six-step strategy has been 
developed that can support the UK government in accelerating the 
UK’s transition. One of the key objectives of this strategy is de-
veloping a roadmap to phase out the use of animals in research, 
testing, education and training, and to accelerate the uptake of ad-
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Technical evaluation of an oral 
irritation assay using 3D constructs
Robert Gutierrez, Blaza Toman, John Elliott and  
Elijah Petersen 
NIST, United States 

elijah.petersen@nist.gov 

Biocompatibility testing using in vivo tests is often one of the final 
evaluations of new dental materials. To reduce the likelihood of 
failure at this late stage and reduce in vivo testing, predictive bio-
compatibility testing using new approach methodologies (NAMs) 
such as in vitro methods is needed. In this study, we describe a 
technical evaluation of an oral irritation test by evaluating chang-
es in the viability of 3D constructs using the MTT assay, with Epi-
Oral constructs as a case study. These 3D constructs more closely 
resemble the human oral environment than 2D models based on a 
single cell type. We first analyzed the assay using conceptual tools 
such as cause-and-effect analysis and flow charts to design an ini-
tial plate layout. Then, we performed comprehensive evaluation of 
the sources of uncertainty in the assay by investigating pipetting, 
the control measurements to include, and the repeatability of key 
control measurements such as the negative, solvent (sesame seed 
oil and saline solution), and positive controls (1% Triton-X). We 
also tested several test compounds such as the Y-4 polymer, with 
a known irritant added, and dentally relevant substances such as 
sodium dodecyl sulfate (SDS) at varying concentrations. Lastly, a 
statistical model was built to support assay design and determina-
tion of evaluation of test substances as yielding a positive or neg-
ative result. By varying the number of replicates and the α values, 
different limits of detection and likelihood of false positive and 
false negative results could be specified.
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Caring for our people caring 
for our animals: Promoting 
compassion fatigue resiliency
Megan LaFollette 
The 3Rs Collaborative, United States  

meglafollette@na3rsc.org 

Working with research animals can be both rewarding and chal-
lenging. Workplace stress can be exacerbated due to scientific re-
quirements for animal models with stress/pain, end of study eutha-
nasia, and societal stigmatization about their job. Some institutions 
try to proactively prepare individuals for these situations with in-
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loss of germ cells in testicular organoids in the multi-organ-chip 
but not in single-testis-culture. 

This co-culture model responds to the request of a specific tool 
that enables the testing of candidate reprotoxic substances with 
human biotransformation. It further allows the inclusion of other 
human tissue equivalents for chemical risk assessment on the sys-
temic level.
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Development of composite measure 
schemes for evidence-based 
severity assessment and refinement 
in neuroscientific research
Heidrun Potschka1, Maria Reiber1, Lara von 
Schumann1, Maarten van Dijk1, Verena Buchecker1, 
Vanessa Philippi1, Andre Bleich2 and Steven Talbot2 
1Ludwig-Maximilians-University, Institute of Pharmacology, Toxicology 
and Pharmacy, Munich, Germany; 2Institute for Laboratory Animal 
Science and Central Animal Facility, Hannover Medical School, Hannover, 
Germany 

potschka@pharmtox.vetmed.uni-muenchen.de 

The multidimensional character of distress and pain complicates 
reliable assessment of suffering in laboratory animals. Therefore, 
composite measure schemes combining various parameters are 
usually required to obtain robust information about an animal’s 
distress. In this project, we aimed to identify sensitive parameters 
for a combination in composite measure schemes as a basis for 
comparative severity assessment. 

Comprehensive data sets comprising behavioral and biochem-
ical data were obtained from induced and genetic mouse models 
of neurological and psychiatric disorders. Pre-selection of param-
eters was based on earlier findings, including an assessment of the 
development course in young C57BL/6J mice. The data were sub-
jected to a bioinformatics workflow. 

In young mice, age-dependency was demonstrated for differ-
ent parameters, including saccharin preference, burrowing, wheel 
running, open field activity, and fecal corticosterone metabolites. 
Correlation and principal component analysis resulted in a con-
densation of information for the design of composite measure 
schemes. Data were then subjected to cluster analysis as a basis for 
severity classification. The classification system allowed the allo-
cation of individual animals to different severity levels and a di-
rect comparison of animal groups and models. 

The findings indicate that the developmental course in young 
mice must be considered when developing multidimensional se-
verity assessment schemes. The bioinformatics approach con-

vanced technologies that outperform animal-based methods. UK 
industry reports have highlighted concerns over the translation of 
research on animals to human clinical benefits, as well as iden-
tifying the potential business opportunities arising from acceler-
ating the uptake and development of superior human-relevant 
non-animal approaches, including the potential to drive econom-
ic growth and attract international investment. This six-step strat-
egy provides concrete actions that can feed into a government-led 
vision and implementation plan to equip the UK to take a lead in 
the worldwide paradigm shift in biomedical research and testing. 
This presentation will outline the progress the UK is making to-
wards such goals and some of the challenges that still need to be 
overcome.
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A liver and testis multi-organ-chip:  
Towards a systemic  
male reprotoxicity model
Ilka Maschmeyer1, Isabell Rütschle1, Ellen Goossens2, 
Uwe Marx1,3, Yoni Baert2, Eva Dehne1 and Michelle 
Jäschke1 
1TissUse GmbH, Berlin, Germany; 2VU Brussel, Brussels, Belgium; 3TU 
Berlin, Berlin, Germany 

ilka.maschmeyer@tissuse.com 

Current benchtop reprotoxicity models typically do not include in-
teractions of the liver-testis axis. However, these are important to 
study the biotransformation of substances. 

Here, Testicular organoids and liver spheroids were co-cultured 
in a multi-organ-chip circuit for a week. Additional single-or-
gan-chips and well plates (static) were loaded only with testicu-
lar organoids or liver spheroids for comparison. Subsequently, the 
system was challenged with cyclophosphamide, a prodrug that has 
demonstrated germ cell toxicity after its bioactivation in the liv-
er, to replicate the systemic human liver-testis interaction in vitro. 
Single-chip testicular organoids were used as a control. 

The Co-culture experiment revealed that the specific medium 
was able to maintain the metabolic activity of the tissues. Addi-
tionally, the testicular organoids developed optimally and generat-
ed higher inhibin B values, though the testosterone levels were not 
as high as in the static culture with the testicular organoid-specific 
medium. By comparison, testosterone secretion by testicular or-
ganoids cultured individually on multi-organ-chips reached a sim-
ilar level as the static culture at Day 7. This suggests that the liver 
spheroids have metabolised the steroids in the co-cultures, a nat-
urally occurring phenomenon. The addition of cyclophosphamide 
led to upregulation of specific cytochromes in liver spheroids and 
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Experience with gravimetric  
testing in the DPRA data: Comparison 
to in vivo reference data
Kolle Susanne, Britta Wareing, Dorothee Funk-Weyer 
and Robert Landsiedel 
BASF SE, Germany 

susanne.kolle@basf.com 

Chemical reactivity towards skin proteins has been described 
as the molecular initiating event (MIE) of the adverse outcome 
pathway for skin sensitization. The direct peptide reactivity assay 
(DPRA) has been adopted as OECD test guideline 442C. In its 
currently adopted version, negative results (i.e., indicating a test 
substance is not protein reactive) are only acceptable if the test 
substance is a mono-constituent, organic chemical – and a molar 
test concentration of 100 mM is not producing peptide depletion 
in the DPRA. While technically it is feasible to assess test sub-
stances of unknown composition using a mass instead of a molar 
concentration (gravimetric procedure), no such protocol is cur-
rently adopted. 

In the present study, we complied DPRA and in vivo skin sen-
sitization data of 7 silicone materials, 33 agrochemical formula-
tions,14 plant extracts, 15 polymer materials and 17 other test ma-
terial with undefined molecular weight. The results of the DPRA 
were compared to the results of local lymph node assays and/or 
guinea pig skin sensitization test. 

While either sensitivity, specificity or both were low for silicone 
materials, plant extracts, polymer materials and agrochemical for-
mulations, the 17 other test materials with undefined molecular 
weight correlated with the in vivo results (78% sensitivity, 75% 
specificity and 76% accuracy). More substances representing the 
different substance classes should be tested to define where the 
gravimetric DPRA is applicable with good predictivity. 

The broadening of the applicability domain of OECD 442C to 
substances without defined molecular weight would avoid other-
wise necessary animal testing.

Presentation: Oral

firmed the suitability of the composite measure schemes for ev-
idence-based severity assessment in adult and young mice. The 
schemes can be used for individual severity classification, com-
parisons between experimental groups or different models, and 
validation of refinement measures. 
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An integrated research and testing 
strategy to go beyond the 3Rs
Kevin Thibault-Duprey 
Sanofi, France 

kevin.thibault-duprey@sanofi.com 

Our company has developed an innovative approach, The Integrat-
ed Research and Testing Strategy (IRTS), which backs the princi-
ples of the 3Rs, in line with regulations, international standards, 
and our own Corporate Policy on the Protection of Animals. 

Our company-wide strategy (IRTS) supports our goal of reduc-
ing reliance on animal models. It reinforces rigorous, state-of-the-
art science as our North Star for selecting the best available, feasi-
ble, and translatable models to address scientific questions and ad-
here to regulatory requirements. 

We take proactive measures to reduce the need for animals in re-
search and testing by: 
− Ensuring our selection of models is based on sound science, 
− Fostering breakthrough innovation for consistent, robust trans-

lational research and testing, 
− Facilitating regulatory acceptance of novel technologies and 

models, and 
− Educating, training, and communicating with our colleagues 

and partners to embed IRTS across Sanofi sites and those of our 
affiliates. 

By 2030, we aim to reduce the number of animals used in research 
and testing by 50%, compared to 2020. To achieve our 50% reduc-
tion target, we will: 
− Phase in New Approach Methodologies, 
− Challenge and waive obsolete animal tests, 
− Replace animal models through validation, qualification, and 

acceptance by the competent authorities, 
− Improve animal use as set out in our preclinical package study 

rationales and designs.
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lic audiences remains both vital and challenging, in no small part 
because animal research continues to be shielded from scrutiny, 
maintaining a public impression of “secrecy”. 

Furthermore, when animal research attracts media attention, it 
is often accompanied by sanitized information or rhetoric. Two 
examples are the popular (and untrue) mantras that “animals are 
only used when necessary” or “animals can only be used when 
there is no alternative”. 

Public awareness of animal research is diverse. Many are sur-
prised to find it continues (at a rate of > 190 million animals year-
ly, worldwide). Others are aware of animal tests for specific pur-
poses (e.g., cosmetics, drugs). There is perceivably greater aware-
ness of “animal testing” of products (toxicity testing), rather than 
“animal experiments”, e.g., basic research; the latter being respon-
sible for the vast majority of animal use and with no legal or regu-
latory requirement. 

Similarly, awareness of animal-free New Approach Methods 
(NAMs) is comparatively low but gaining attention, correspond-
ing with their increased scientific development over the last de-
cade, driven by a need for better, clinically relevant science in 
drug and disease research, or chemical safety assessment. 

This presentation reflects on public attitudes towards animal 
testing and ways to communicate on human-relevant research in 
the public’s name, by using clear, concise and factual information.
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The 3Rs collaborative:  
Creating evidence-based, practical, 
and impactful 3Rs change
Megan LaFollette 
The 3Rs Collaborative, United States 

meglafollette@na3rsc.org 

Creating widespread institutional change to advance the 3Rs is a 
challenging and important task. In the USA, where a particular-
ly large number of research institutions are spread out across the 
country – making change can be especially difficult. The 3Rs Col-
laborative (3RC) is a non-profit whose mission is to promote better 
science – for both people and animals, by facilitating collaborative 
3Rs opportunities. 

The 3RC currently has 3 strategic pillars. To create a research 
landscape that is knowledgeable and supportive of the 3Rs. To 
facilitate targeted efforts towards specific, high-impact, evi-
dence-based, and practical 3Rs techniques. And to drive general 
collaboration with and awareness of 3RC resources and programs. 

For the first pillar, the 3RC is creating a 3Rs certification course 
and extensive resources for both individual and institutional sup-
port of compassion fatigue resiliency – with formal evaluation of 
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A human integrated organ 
system (MPS) for developing 
pharmacokinetic and  
organ toxicity data in vitro
James M. McKim and David Austin 
LifeNet Health-IONTOX, United States 

james_mckim@lifenethealth.org 

The development of an integrated organ MPS system that can be 
used to identify pharmacokinetic parameters and organ toxicity is 
a key first step in developing predictive (MPS) models. The Aim 
of this study was to study Acetaminophen and Cycloheximide ki-
netics and toxicity in a three-organ system. The complete test cir-
cuit consisted of human intestine, primary hepatocytes, and kid-
ney cells (HK-2). Organ compartments were linked via a simu-
lated blood system. Communication between organs occurred via 
osmotic flow across semi-permeable membranes. Simulated blood 
(PBS + 0.4% human serum albumin) flow was achieved with a 
micro syringe pump. Acetaminophen (APAP) (38 µg) and Cyclo-
heximide (4.2 µg) were applied in a volume of 0.1 mL to the api-
cal side of the intestinal chamber and then incubated at 37oC with  
5% CO2. Samples were collected from all organ compartments at 
multiple times (0.5, 1, 3, 6, 24, and 48 h). Cytotoxicity was moni-
tored by LDH, MTT and with a panel of 12 genes associated with 
oxidative stress and inflammation. The resulting kinetic curves 
showed a peak absorption of 27.2 µg, with a time to maximum 
of 4.2 h for APAP and 4.5 µg peak, with a time to maximum of 
5.5 h for Cycloheximide. APAP liver toxicity was low, but for Cy-
cloheximide liver and renal toxicity were high. In conclusion, the 
MPS platform described here demonstrated that in vitro pharma-
cokinetic and toxicity data can be obtained and that these findings 
have relevance to in vivo data in the published literature.
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Public awareness of human-relevant, 
animal-free science: Gaining support 
through effective communication
Rebecca Ram and Rob Harrison 
LUSH PRIZE, United Kingdom 

rebecca@lushprize.org 

The imperative to change to an animal-free research paradigm is 
widely recognized for two critical reasons. One is the enduring is-
sue of ethics and animal suffering. The other is the societal need 
for better quality, biomedical science. Communicating this to pub-
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There remains to be many opportunities for the continued 
streamlining of data packages (including innovative approaches 
for alternative technologies and animal study designs) for the se-
lection of a safe First-In-Human dose, based on a totality of data 
resulting from an assessment of target biology, pharmacology and 
toxicology studies.

Presentation: Oral

270

What key ethics principles should be:  
Setting national  
standards for the 21st century
Gilly Griffin and Marc Avey 
Canadian Council on Animal Care, Canada 

griffin.gilly@gmail.com 

The Canadian Council on Animal Care’s Ethics of Animal Inves-
tigation has served as guiding ethics principles in Canada for over 
thirty years. Since its publication, societal values, understanding of 
animal welfare and research methodologies have evolved, requir-
ing a new Canadian standard fit for 21st Century science. 

CCAC standards are developed by subcommittees, with mem-
bers drawn from a wide range of relevant backgrounds. The Ethics 
subcommittee members (including researchers from a variety of 
disciplines, veterinarians, animal care personnel, animal welfare 
scientists and ethicists) developed CCAC Principles for the Ethi-
cal Use of Animals in Science which has undergone two levels of 
scrutiny: a peer review and a public review and will be published 
in the coming months. 

The new document rests on Three Core Principles – Non-Malef-
icence; Sufficient Benefit; and Respect, thus aligning closely with 
principles for scientific activities involving humans. A further set 
of principles of application provide practical interpretation of the 
core principles when considering an animal-based based scientif-
ic activity. Although the 3Rs provide a strong ethical framework 
they do not ensure that animal-based activities are morally accept-
able, hence the new principles incorporate and extend Russell and 
Burch’s principles of Replacement, Reduction and Refinement. 

These new principles set out the Canadian ethical framework 
for animal-based use in 21st Century science. The new principles 
of Non-Maleficence, Sufficient Benefit, and Respect, support an 
examination of scientific activities by all participants in the ethical 
use of animal in research, testing, and teaching.
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each. For the second pillar, the 3RC has identified 5 key focus ar-
eas: rodent health monitoring, refined mouse handling, transla-
tional digital biomarkers, microphysiological systems, and in sil-
ico technologies. For each focus area, the 3RC fosters collabora-
tion and thought leadership between key stakeholders, works to 
understand current implementation and barriers, and then supports 
adoption by creating extensive practical resources. 

In conclusion, the 3RC provides key strategic support to the 
USA and global research arenas. As a result of their efforts, at least 
12 institutions have changed key practices in support of the 3Rs. 
Ultimately, the 3Rs Collaborative is a key player in the world of 
3Rs centres.

Presentation: Oral

269

Collaborative initiatives 
supporting reduction of NHP 
use in drug development
Donna W. Lee1, Danuta Herzyk2, Timothy Hart3, Li Li4, 
Caren Villano5, Jonathan Heyen6, Cleo Leung7, Sherry 
Ralston8, Joanne Birkebak7 and Smitha Pillai1 
1Genentech, United States; 2Merck, United States; 3GSK, United States; 
4Novartis, United States; 5Boehringer-Ingelheim, United States; 6Pfizer, 
United States; 7Gilead, United States; 8Abbvie, United States 

lee.donnaw@gene.com 

The use of animals for safety testing within drug development pro-
grams is a balance between providing appropriate data allowing 
regulatory assessment of risk in humans, and applying the 3Rs prin-
ciples (Replacement, Refinement and Reduction) for animal use. 

Consortia efforts partnered with Regulatory Agencies have 
played a crucial role in shaping drug development best practices. 
Recent discussions have focused on promoting alignment and ad-
vancing science and best practices in key areas related to preclin-
ical safety of oncology therapeutics, in light of the shortages of 
NHPs caused due to supply constraints and prioritized biomedi-
cal research. 

For the development of therapeutics for oncology indications, 
opportunities were identified for the acceptance of abbreviat-
ed toxicology packages, without the compromise of a rigorous 
safety evaluation, utilizing a) CD3-bispecific antibodies, b) Anti-
body-Drug Conjugates (ADCs) with cytotoxic payloads and c) bio-
therapeutics for well-characterized targets such as PD-1 or VEGF. 
Results from consortia surveys and case-studies from industry 
sponsors will be presented on these topics where available. 
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says representing key events from the skin sensitization adverse 
outcome pathway have been accepted internationally under OECD 
Guideline 497 for hazard and potency prediction. This project 
evaluated 185 chemicals nominated by federal agencies with man-
dates for skin sensitization assessments: NTP, EPA, and the U.S. 
Consumer Product Safety Commission. We tested chemicals us-
ing three DAs that combine results from three assays: the direct 
peptide reactivity assay, the KeratinoSens™ assay, and the human 
cell line activation test. Local lymph node assay results were used 
as reference data. Individual test method accuracy for hazard (sen-
sitizer vs. nonsensitizer) ranged from 40% to 80%. Accuracy for 
hazard classification using the 2 out of 3 DA was 46% to 89%, the 
Integrated Testing Strategy (ITS)v2 DA was 41% to 100%, and the 
Key Event 3/1 Sequential Testing Strategy (STS) DA was 31% to 
100%. Accuracy was lower for classification of pesticide products, 
possibly due to heterogeneity and insolubility of some products. 
Potency prediction was based on GHS categories. Correct potency 
classification using the ITSv2 DA ranged from 37% to 53%, while 
the 3/1 KE STS DA ranged from 27% to 67%. DAs based on in  
vitro methods may provide useful alternatives to animal testing for 
predicting skin sensitization hazard and potency of substances rel-
evant to multiple U.S. agency programs. 

Project was funded by NIEHS under Contract Nos. 
HHSN273201500010C and HHSN27320140017C.
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ChemDIS-ZF: A computational 
chemical-disease  
inference system for zebrafish
Hung-Lin Kan1, Shan-Shan Wang2, Chia-Chi Wang3 
and Chun-Wei Tung1 
1Institute of Biotechnology and Pharmaceutical Research, National 
Health Research Institutes, Miaoli County, Taiwan; 2Environmental 
and Occupational Medicine, College of Medicine, Kaohsiung Medical 
University and National Health Research Institutes, Kaohsiung, Taiwan; 
3Department and Graduate Institute of Veterinary Medicine, School of 
Veterinary Medicine, National Taiwan University, Taipei, Taiwan 

k38628511@gmail.com 

Zebrafish have recently emerged as an effective model organ-
ism for toxicological investigations and drug discovery. Their 
small size, high reproduction, and transparency make them ideal 
for identifying the biological effects of chemical exposure. How-
ever, it is still infeasible and unethical to apply zebrafish models 
for a large number of chemicals. Computational methods are po-
tentially useful for prioritizing the use of zebrafish models. In this 
study, we present a chemical-disease/phenotype inference system 
for zebrafish (ChemDIS-ZF) that predicts the potential associa-
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Defenceless: Animal-based trauma 
training in the Canadian military
Twyla Francois1 and Liz White2 
1Animal Alliance of Canada, Canada; 2Animal Protection Party of Canada, 
Canada 

twyla@animalalliance.ca 

Although the federal government is currently investing heavily in 
modernizing the Canadian military, its contributions fail to address 
the Department of National Defence (DND)’s trauma training pro-
gram which provides instruction to the country’s military medics. 
That training program, called “live tissue training,” relies on the 
use of live animals – 10-week-old piglets – which even the DND 
recognizes make poor models for training medics to treat human 
injuries in the field. In fact, the DND admits that its use of pigs 
may even interfere with effective training by producing what it 
calls “training scars.” 

Animal Alliance of Canada and the Animal Protection Party of 
Canada reviewed over 3,200 pages received in response to Access 
to Information requests to the DND on its “live tissue training” 
program. Our presentation will provide detailed insight into our 
findings, including the heavy toll the training exacts on animals 
and the serious risk it poses to Canadian soldiers. 

Seventy-seven percent of NATO member nations no longer use 
animals for military medical training. These countries have re-
placed animals with human patient simulators which accurately 
mimic human anatomy and physiology. Studies by the Canadian 
and U.S. militaries show this training to be as effective – or better 
– than training involving animals, as well as more cost effective. 
Our presentation will provide an overview of these alternatives as 
a way forward for the Canadian military.
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Defined approaches for skin 
sensitization for diverse chemical sets
Judy Strickland1, Jim Truax1, Kim T. To1, Emily N. 
Reinke1, Travis Gulledge2, Victor J. Johnson2, David G. 
Allen1, Nicole C. Kleinstreuer3 and Dori Germolec4 
1Inotiv, Inc., United States; 2Burleson Research Technologies, Inc., United 
States; 3NIH/NIEHS/DTT/PTB/NICEATM, United States; 4NIH/NIEHS/
DTT/STB/NICEATM, United States 

judy.strickland@inotivco.com 

While several non-animal methods have been accepted to identify 
potential skin sensitizers, none is considered a full replacement for 
animal tests. Defined approaches (DAs) combining multiple as-
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How can funders improve 
transparency and quality of animal  
research? A case study
Julia Menon1,2, Martijn Nolte3 and Bas de Waard3 
1The Netherlands Organisation for Health Research and Development, 
The Hague, The Netherlands; 2Netherlands Heart Institute, Utrecht, The 
Netherlands; 3The Netherlands Organisation for Health Research and 
Development, The Hague, The Netherlands 

waard@zonmw.nl 

Via requirements, funders can have a large impact on how research 
is planned, performed, reported and shared, yet researchers rarely 
have their say on these policies. When it comes to animal studies, 
methods that can improve its transparency and quality have come 
increasingly into attention. However, it is important to understand 
the impact of these requirements for researchers and surrounding 
stakeholders to increase the effectiveness of policies, preventing 
unnecessary bureaucracy. 

Hereby we present an evaluation of the Netherlands Organi-
sation for Health Research and Development’s funding policies. 
This qualitative case study aimed to assess the relevance of trans-
parency methods (i.e., preregistration, FAIR data, ARRIVE guide-
lines and open access publishing) and identifies barriers and facil-
itators to compliance. Over a period of 2 years, input was gathered 
from grantees and other key stakeholders (e.g., animal welfare 
bodies, funders, data stewards, universities) through question-
naires and interviews. Data are processed using thematic analysis. 

Preliminary results show that researchers see the value of the 
transparency requirements for themselves, their research and their 
peers. Moreover, further training, guidance and support (also fi-
nancially) from both funding agencies and their institutes are men-
tioned as facilitators to better comply. Preregistration, in its cur-
rent form, seems to be the most controversial of all requirements 
due to administrative burden and belief toward its complexity and 
lack of flexibility. 

The results of this evaluation will be comprised in an advisory 
report and translated to concise recommendations to funders and 
other stakeholders on improving compliance and creating incen-
tives for better animal research.
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tions between chemicals and zebrafish diseases and phenotypes. 
ChemDIS-ZF integrated chemical-protein interaction data from 
the STITCH database with gene-phenotype and gene-disease in-
teraction data from the Zebrafish Information Network (ZFIN). An 
enrichment analysis tool was developed to derive chemical-pro-
tein-disease/phenotype associations that could shed lights on the 
potential underlying mechanisms. Currently, 419,328 chemicals, 
23,180 zebrafish proteins, 3,616 diseases, and 3,104 phenotypes 
for zebrafish were included in the system. ChemDIS-ZF is expect-
ed to reduce the use of zebrafish experiments and accelerate the 
chemical toxicity evaluation and drug discovery.
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Incorporating in silico methods 
into genotoxicity risk assessment: 
Moving beyond mutagenicity
Robert Foster 
Lhasa Limited, United Kingdom 

robert.foster@lhasalimited.org 

Use of in silico predictions for genotoxicity is common practise 
across all chemical industries. Although prediction of bacterial mu-
tagenicity is lauded and accepted in lieu of experimental data for 
regulatory assessment of impurities in pharmaceuticals under the 
ICH M7 guideline, the reliability of models for other genotoxici-
ty endpoints (e.g., chromosome damage) and assays (e.g., chromo-
some aberration and micronucleus test) is not considered optimal. 
With the future of toxicology assessment moving towards a world 
less reliant on animal testing, the need to improve models for geno-
toxicity endpoints other than mutagenicity is paramount. For in-
stance, two EFSA scientific panels, Plant Protection Products and 
their Residues and Food Additives and Flavourings, have both pub-
lished scientific guidance requiring use of in silico predictions to as-
sist genotoxicity assessment. A review of the status of in silico tools 
for the assessment of genotoxicity identified key factors that enable 
the uptake of mutagenicity for regulatory assessments but hinder 
the use of models for other endpoints. For each specific use case, 
it is important to understand how models fulfil the requirements. 
What data is available for modelling? How are the reported results 
to be used in a regulatory assessment? Does the data alone provide 
sufficient information? This knowledge enables model develop-
ers to engineer new solutions that leverage the power of existing 
and emerging technologies for challenging genotoxicity endpoints. 
Ultimately, development of new data sets and models for a broad 
set of genotoxicity endpoints will empower safety assessors to em-
brace a regulatory landscape which integrates in silico systems.
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Predictive toxicology using  
human iPS cells
Yasunari Kanda and Yukuto Yasuhiko 
National Institute of Health Sciences, Japan 

kanda@nihs.go.jp 

To improve the predictability in human, new approach methodol-
ogies (NAMs) has been expected to perform in vitro toxicology 
assessment in terms of animal alternatives testing. To date, vari-
ous models using human iPSCs and mini organs that more closely 
mimic native tissue function have shown to be potential for practi-
cal applications. These in vitro methods can ensure our health and 
speed-up the review process. To accelerate the use of iPSC models, 
it is important that regulators, academia, and industry get together 
to discuss good cell culture practices using stem cells. In addition, 
sharing standardized protocols to assess the quality of differenti-
ated models is an important process. To engage researchers in the 
exciting area, we have established a consortium of iPSCs to share 
datasets with positive and negative compounds and work together 
to develop new evaluation methods. As a result, we have demon-
strated that iPSC-derived models have the ability to provide in-
formation on predictive toxicology. Recently, iPS cell-derived or-
ganoids and 3D culture systems have great attention as mini-organ 
models that recapitulate human tissue function. These 3D organ-
oids need to be validated according to the context of use. By edu-
cational seminars and international meetings, the effective use of 
these advanced “fit-for-purpose” models requires continued edu-
cation and practice. Here, I would like to present the current status 
of human iPSC models and discuss the future challenges for regu-
latory considerations.
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Recent progress of alternatives 
to animal testing from 
regulatory science in Japan
Yasunari Kanda 
National Institute of Health Sciences, Japan 

kanda@nihs.go.jp 

Regulatory science is an area where new approach methodolo-
gies (NAMs) are applied to the review process. In Japan, to ex-
tend healthy life expectancy, the Cabinet Office established a na-
tional top-down funding system AMED (Japan Agency for Medi-
cal Research and Development) from 2015 to promote consistent 
research and development from basic research to practical appli-
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Long-read transcriptome sequencing 
as a novel tool for toxicogenomics
Matthias Lienhard1, Twan van den Beucken2, Florian 
Caiment2 and Ralf Herwig1 
1Max-Planck-Institute for Molecular Genetics, Dep. Computational 
Molecular Biology, Berlin, Germany; 2University of Maastricht, Dep. 
Toxicogenomics, The Netherlands 

herwig@molgen.mpg.de 

Long read sequencing has recently been termed “method of the 
year 2022” by Nature. In particular, long-read transcriptome se-
quencing (LRTS) has a huge potential for toxicogenomics be-
cause of its ability to capture full-length isoform information. With 
LRTS drug-induced alternative isoforms and splicing events be-
ing causative or indicative of toxic processes can be detected and, 
thus, better biomarkers for risk assessment can be identified. 

We have applied LRTS with the PacBio Sequel II Iso-Seq pro-
tocol on human hepatocytes treated with the HDAC inhibitor val-
proic acid (VPA). We showcase isoform identification and quanti-
fication as well as differential splicing analysis against untreated 
samples and compare the identified biomarkers to RNA-seq ex-
periments on the same samples. 

We exemplify the LRTS data analysis workflow with our novel 
computational tool IsoTools that, among others, provides statisti-
cal methods for differential splicing analysis. We highlight known 
VPA-induced splicing effects such as exon skipping in the FN1 
gene and cryptic transcription start site formations as previously 
shown with other HDAC inhibitors. We demonstrate the power 
of LRTS by detection of VPA-induced complex splicing patterns 
such as mutual exon inclusions in the gene SLC39A14 gene and 
also by novel isoforms that have implications for liver diseases. 
Finally, we present in vivo relevance of the novel isoforms by val-
idating their presence in human livers. 

Our work shows that the complex transcriptome landscape can 
be resolved by LRTS in an unprecedented way and that LRTS 
presents a new method for refined biomarker identification in tox-
icogenomics.
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products have been tested, covering consumer products, occupa-
tional exposures, inhaled pharmaceuticals and single chemicals. 
On this background the current applicability domain of the method 
will be explored. Finally, a case study for the reproducibility with-
in laboratory will be presented. This cell-free method is a promis-
ing candidate for prioritization and screening of chemicals, and its 
inclusion in an integrated approach to testing and assessment will 
contribute to the reduction of the use of rodents for acute inhala-
tion toxicity testing.
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Does preregistration of animal 
studies work? A plan to find out
Julia M. L. Menon1,2, Judith J. de Haan3, Anton F. J. 
de Haan4, Wim de Leeuw5, Dirk-Jan Duncker6, Mira 
van der Naald7, Kimberley E. Wever8,9, Celine Heinl10, 
Timothy M. Errington11 and Steven A. J. Chamuleau12 
1Netherlands Heart Institute, Utrecht, The Netherlands; 2The Netherlands 
Organisation for Health Research and Development, The Hague, The 
Netherlands; 3Open Science Programme Utrecht, Utrecht University, 
Utrecht, The Netherlands; 4Department for Health Evidence, Radboud 
University Medical Center, Nijmegen, The Netherlands; 5Animal Welfare 
Body Utrecht, Utrecht, The Netherlands; 6Department of Cardiology, 
Thoraxcenter, Erasmus University Medical Center, Rotterdam, The 
Netherlands; 7Department of Cardiology, University Medical Center 
Utrecht, Utrecht, The Netherlands; 8Systematic Review Centre for 
Laboratory animal Experimentation (SYRCLE), Department for 
Health Evidence, Nijmegen Institute for Health Sciences, Radboud 
University Medical Center, Nijmegen, The Netherlands; 9Department 
of Anesthesiology, Radboud University Medical Center, Nijmegen, The 
Netherlands; 10German Federal Institute for Risk Assessment (BfR), 
German Centre for the Protection of Laboratory Animals (Bf3R), Berlin, 
Germany; 11Center for Open Science, Charlottesville, United States; 
12Department of Cardiology, Amsterdam University Medical Center, 
Amsterdam, The Netherlands 

julia.menon@heart-institute.nl 

Building on lessons learned from clinical research, we recently es-
tablished preregistration of animal studies as a pertinent interven-
tion to improve transparency and study quality, yet no structured 
assessment has been performed to evaluate its efficacy. 

Here we provide the first evaluation of the effect of preregis-
tration on animal studies. Preregistered protocols and their corre-
sponding publications were collected from the platforms Preclini-
caltrials.eu and the Animal Study Registry, and compared with un-
registered control publications based on journal-match (for similar 
article types) and author-match (to remove the team effect bias). 
Scoring of reporting quality using the ARRIVE guidelines essen-
tial 10 and internal validity using the SYRCLE’s risk of bias tool 
will be performed blinded by two independent assessors to evalu-

cation. In particular, regulatory science section in the government 
document clearly indicates that a new evaluation system using iPS 
cells is an important strategy for drug development. 

Under this strategy, we have been working on the development 
and standardization of new in vitro pharmacological test meth-
ods and have successfully standardized cardiotoxicity evaluation 
methods in collaboration with international groups, such as FDA 
and HESI. More recently, the iPS cell project has expanded to in-
clude microphysiological systems, such as hepatotoxicity and the 
blood-brain barrier, and chemical safety issues. Developmental 
toxicity and in silico modeling are also important topics in animal 
alternatives. 

Furthermore, to accelerate vaccine research and development, 
the SCARDA project was established within AMED at the end of 
March 2022 to provide safe and effective vaccines against emerg-
ing infectious diseases and to provide rapid and flexible funding in 
the event of a public health emergency. For example, in vitro in-
fection assay systems has been developed for drug discovery and 
vaccine evaluation. 

Thus, the promotion of alternative methods is an important is-
sue in regulatory science, and it is expected that new test methods 
will be developed and standardized in the future.
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Establishing scientific confidence  
in a cell-free method to  
predict decreased lung function
Jorid Sørli and Sreyoshee Sengupta 
The National Research Centre for the Working Environment, Denmark 

jbs@nfa.dk 

Acute inhalation toxicity testing for regulatory purposes relies on 
the use of guideline studies in rodents. Apart from the ethical con-
cerns of exposing animals to toxic chemicals, in vivo testing is ex-
pensive and time-consuming. Understanding the effect at the por-
tal-of- entry, the lungs, is essential for replacement of animals for 
acute inhalation testing. However, the lung is a complex organ, 
with different potential targets for toxicity. In this presentation, the 
reliability and relevance of a cell-free method based on the moni-
toring of lung surfactant biophysical function during exposure to a 
test chemical for predicting acute effects on the lungs will be dis-
cussed. The method addresses the molecular initiating event of 
the adverse outcome pathway AOP 302; “inhibition of lung sur-
factant function” that can lead to the adverse outcome decreased 
lung function. The main function of lung surfactant is to regulate 
the surface tension at the respiratory air-liquid surface to avoid al-
veolar collapse in vivo, starting a cascade that leads to decreased 
lung function. The effect of more than 150 different chemicals and 
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of (re)approval of pesticide active substances in Europe effectively 
resulted in ca. 50% reduction of animal use. Further animal (am-
phibian) reduction is expected from the validation of thyroid-spe-
cific endpoints in fish guideline studies. Though, the replacement 
of animal tests with eleutheroembryo assays ultimately relies on 
a thorough understanding of their applicability domains and ac-
ceptance by regulatory authorities, which varies amongst countries 
and jurisdictions. Discrepancies also exist amongst OECD eleuth-
eroembryo TGs, which may complicate the practical implementa-
tion of these approaches. This and lessons learned from the use of 
eleutheroembryo assays over the last three years call for harmoni-
zation of the corresponding OECD TGs.
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A “question-box” approach: 
Practical considerations  
for NAM-based agrochemical 
safety assessment
Marco Corvaro 
Corteva Agriscience Italia, Rome, Italy 

marco.corvaro@corteva.com 

This presentation will provide an overview of Industry perspec-
tives on phasing in New Approach Methods for agrochemical 
products safety assessment. Current regulatory requirements 
consist of non-flexible data requirements, often consisting of 
vertebrate studies. Opportunities and challenges are faced when 
decision is to be taken related to integrated approaches for test-
ing and assessment in the current paradigm. This entails aspects 
such as validation/qualification of methods for decision making, 
internal and external risk tolerance, challenges related to regu-
latory uptake and uncertainty assessment and perceived conflict 
of interest. A key aspect is how to move away from a “tick the 
box” list of studies to a “question box” approach. Case exam-
ples of human health safety assessment will be shown from ac-
ceptance of simple test guidelines and defined approaches devel-
oped for other classes of chemicals (skin sensitization), to more 
complex NAMs based read-across for existing classes of com-
pounds (with particular example on reducing reliance on dog or 
rodent carcinogenicity bioassays), and complex high-tier risk as-
sessment and hazard classification and labeling based on in vitro 
Points of Departure.

Presentation: Oral

ate the effect of preregistration. Each paper will receive an overall 
score between 0-1 corresponding to different quality categories: 
“Excellent” (0.8-1), “Good” (0.6-0.79), “Average” (0.4-0.59),  
“Mediocre” (0.2-0.39), and “Poor” (0-0.19), as inspired by vali-
dated methodology. 

The project’s pilot yielded promising results, showing that reg-
istered papers (n = 10) were better reported than the two compar-
ator groups (n = 10 each), by scoring as “good”, while controls 
scored as “average”. From this pilot, we determined that only six 
papers per group were needed to reach sufficient power in the ac-
tual project. 

The complete results of this project will be finalized in June 
2023 and will provide the first evidence for the presence, or lack, 
of effects of preregistration, which should impact the perceived 
value of preregistration and its future implementation as a stan-
dard practice.
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Fish and amphibian eleutheroembryo 
assays as alternatives to animal 
tests for regulatory assessment of 
endocrine activity of chemicals
Laurent Lagadic1, Oliver Koerner2, Lennart Weltje3 
and James R. Wheeler4 
1Bayer AG Crop Science R&D, Germany; 2ADAMA Environmental 
Safety, Germany; 3BASF SE, Agricultural Solutions, Germany; 4Corteva 
Agriscience, The Netherlands 

laurent.lagadic@bayer.com 

Regulatory assessment of endocrine-disrupting properties of 
chemicals relies upon extensive use of animals. For example, the 
recommended fish and amphibian tests require hundreds of ani-
mals per chemical to screen for endocrine activity, and two thou-
sand to investigate adverse effects. OECD-validated eleutheroem-
bryo assays have recently been introduced as New Approach Meth-
odologies for the assessment of endocrine activity of chemicals in 
aquatic vertebrates. The Xenopus Eleutheroembryonic Thyroid 
Assay (XETA) allows for the detection of chemicals that are active 
on select pathways in the thyroid axis. Other eleutheroembryo as-
says in fish have also been validated by OECD for the estrogen and 
androgen axes (OECD TGs 250 and 251, respectively). The con-
ditions for using these assays as alternatives to chronic fish in vivo 
tests still need to be defined. However, the use of the XETA as an 
alternative to the Amphibian Metamorphosis Assay in the context 
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Case papers studies are presented to demonstrate the utility of 
the proposed framework while highlighting bias and uncertainty. 
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clinical trials with  
human in vitro toxicity testing
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Standard preclinical models used for safety assessment of novel 
drugs sometimes present no or insufficient pharmacological ac-
tivity, in particular with more recent therapeutic modalities (e.g., 
bispecific antibodies, gene and cell therapies). The EMA guideline 
on strategies to identify and mitigate risks for first-in-human and 
early clinical trials encourages the use of in vitro studies with hu-
man-derived material, either as additional support or as an alterna-
tive to in vivo testing. 

Under the umbrella of the safety reflection initiative of EFPIA’s 
preclinical development working group (PDEG), a team of toxi-
cologists from nine pharmaceutical companies started to compile 
current and future options for in vitro toxicity testing that will con-
tribute to regulatory submissions relevant for first-in-human clin-
ical trials. By defining different drug candidate categories with 
their specific safety assessment options, including alternative ap-
proaches to animal testing, the team is working towards provid-
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Over the past decade, AI-assisted tools and workflows based on 
life science ontologies and databases have gained significant pow-
er, shaping strategic approaches to determine in scientific papers 
whether alternatives to animal testing such as in vitro assays, com-
puter simulations, human-based studies and regulatory frame-
works for human safety assessments have been considered. 

In an international regulatory context, the development of Good 
In vitro Method Practices (GIVIMP) should be recognized as a 
top priority. Interoperability of artificial intelligence-assisted tools 
is essential for linking research data, best practices in evaluating 
chemical safety and experimental design, and establishing accep-
tance criteria and performance standards based on scientific evi-
dence derived from in vitro datasets. The next generation of sci-
entific research must adhere to clearly defined standard operat-
ing procedures to ensure rigorous and reproducible data, follow 
regulatory risk assessment processes, and promote education in 
animal-free science. In this regard, we analyzed artificial intelli-
gence-assisted tools able to conduct a data extrapolation analy-
sis, allow a faster interpretation of experimental entities, termi-
nologies, and research applications, as well as streamline research 
evaluation processes based on their adherence to Good Method 
and Reporting Practices. 
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low-up testing with targeted assays. Overall, our work has shown 
that HTTr applied to in vitro cell lines provides a scalable and reli-
able toxicological screening method with potential utility to multi-
ple use cases and regulatory contexts. 

This abstract does not necessarily reflect US EPA policy.
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In 2022, the National University of Colombia and UNIDO car-
ried out the Safety Assessment of Cosmetic Products Training, 
to support this growing industry in Latin America. At the end, a 
panel was held with representatives of industry, organisms, aca-
demia, and the national regulatory body, who exposed their experi-
ence about safety of cosmetics (perceptions, concerns and actions 
to mitigate them and, challenges and strategies to assume them). 
Considerations on alternatives methods were stated. Since cosmet-
ics have usually included well-characterized ingredients, they are 
safe under foreseeable use. However, it is challenging to evaluate 
safety of new biodiversity ingredients that are produced in the re-
gion. The ban on animal testing has reached Latin American coun-
tries such as Colombia without clearness on the alternative tech-
nics. Except for Brazil, there is not enough In vitro laboratories 
offer nor capacity to interpret the new approach methodologies. 
These tests are expensive and difficult to pay for small and medi-
um industry, it is crucial make these affordable. Also, cosmetic us-
ers are unaware of replacement alternatives and when searching 
for “Cruelty Free” products they only want no animal testing and 
they ignore safety matter, this topic is obviated on cosmetics of-
fered through social networks too; therefore, it is necessary to edu-
cate the consumer. Contrary to developed countries, new technol-
ogies for toxicity testing are not as reachable in Latin America, so 

ing guidance to increase the probability and address challenges for 
regulatory acceptance. In addition to challenges that will be high-
lighted, definitions of drug candidate categories will be present-
ed together with respective examples of how in vitro risk assess-
ment approaches were employed to complement or even replace 
standard animal models. These definitions and case studies should 
lead to a clearer path forward on how to meet regulatory expecta-
tions using alternative approaches to animal testing as appropriate 
safety assessment.

Presentation: Oral

305

Leveraging in vitro transcriptomic 
points of departure in  
chemical safety evaluation
Logan J. Everett1, Derik E. Haggard1, Jacob 
Fredenburg2, Felix Harris3, Jesse Rogers2, Joseph 
Bundy1, Richard Judson1, Imran Shah1, Katie Paul-
Friedman1 and Joshua A. Harrill1 
1U.S. Environmental Protection Agency, Office of Research and 
Development, Research Triangle Park, NC, United States; 2Oak Ridge 
Institute for Science and Education, Oak Ridge, TN, United States; 3Oak 
Ridge Associated Universities, Oak Ridge, TN, United States 

everett.logan@epa.gov 

Recent technological advancements and decreasing costs have 
made it feasible to profile all protein-coding genes across thou-
sands of samples with high-throughput transcriptomics (HTTr), al-
lowing for broad evaluation of many target pathways and modes of 
action in a single screening assay. Researchers at EPA have applied 
this method to chemical screening studies of over 1,000 chemicals 
using multiple in vitro cell culture models to generate data that can 
be used for both hazard prediction and potency estimation, there-
by informing risk assessments and prioritizing chemicals for fur-
ther testing. 

Assessing the reliability and reproducibility of in vitro HTTr 
screening methods is critical to their utility and adoption in reg-
ulatory applications. While the individual gene measurements in 
transcriptomics assays may have lower signal-to-noise compared 
to targeted assays, our analyses have shown that leveraging coor-
dinated changes across biologically-related gene sets (e.g. path-
ways) often yields more accurate potency estimates compared to 
concentration-response modeling of individual genes. 

Advanced analysis methods are also needed to link gene expres-
sion changes to relevant chemical targets in order to predict organ-
ism-level hazards. We have developed novel methods to predict 
primary molecular targets based on HTTr data, which can then be 
linked to specific hazards and used to prioritize orthogonal fol-
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Today 15-20% of children are diagnosed with a neurodevelop-
mental disorder. Evidence indicate that chemical exposure con-
tributes to these disorders. However, majority of chemicals have 
not been tested for developmental neurotoxicity (DNT) as current 
test guidelines are based on traditional in vivo animal studies that 
are costly, time consuming and require large numbers of animals. 
Within the Division of Translational Toxicology, the DNT Health 
Effects Innovation (HEI) program was developed in 2019, to eval-
uate the risks of chemical exposure to the developing nervous sys-
tem. One aim was to implement a DNT screening battery that cov-
ers key neurodevelopmental events to provide timely data for deci-
sion making and to prioritize compounds with potential for DNT. 
The battery includes 2D and 3D human and rodent in vitro assays 
that measure proliferation, cell migration, neurite growth, neural 
network formation and function, and a zebrafish embryo neuro-
behavior assay. Based on nominations from various stakeholders 
the DNT HEI program selected and distributed 115 chemicals for 
testing in the battery and additional 100+ chemicals currently un-
dergoing testing. Moreover, the program developed a unified data 
analysis pipeline to combine data from the individual assays and 
DNT-DIVER, a web application tool. Combined with PBPK and 
IVIVE modeling, this approach was applied in the development 
of an IATA case study for the OECD DNT guidance document. 
It demonstrates applicability of the DNT battery for prioritization 
and how human exposure data can be used to interpret this data 
and support the contextualization of these studies in potential fu-
ture risk assessment.
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it is important to create and strengthen regional support networks 
that include cosmetic sector and experts in both security issues and 
alternatives to animal use.
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Rat liver S9 incorporation into  
the reconstructed skin micronucleus 
assay to address scenarios of  
systemic metabolism
Emily Rottinger, Ashley Allemang and Stefan Pfuhler 
Procter & Gamble, United States 

pfuhler.s@pg.com 

The Reconstructed Skin Micronucleus (RSMN) assay has been 
recommended as an animal free follow-up test for skin relevant 
compounds found to be positive in standard in vitro clastogenic-
ity assays. In the context of dermal exposure, human skin specif-
ic metabolism has shown to be accurately reflected in RS models, 
especially with extended exposures. However, scenarios may oc-
cur where substances penetrate the skin and undergo further me-
tabolism in the liver. We therefore have evaluated the ability of rat 
liver S9 to complement the RSMN assay. Two approaches for S9 
incorporation were examined: short 4 h exposure + recovery vs. 
continuous exposure. Excessive toxicity was observed using con-
tinuous exposure, therefore the 4 h S9 + recovery approach using 
0.5% S9 was selected for further work. Cyclophosphamide (CP), a 
compound known to require metabolic activation to show a geno-
toxic effect, was tested at multiple concentrations and statistically 
significant and dose dependent increases in MN frequency were 
observed. In contrast, no MN increases were observed when com-
parable concentrations of CP were tested without S9. Work is on-
going to confirm and optimize the exposure scenario. In summary, 
these are promising results indicating that incorporation of 0.5% 
rat liver S9 can enhance the ability of the RSMN assay to detect 
compounds such as CP, which require liver-specific metabolism. 
This protocol is hoped to complement the current RSMN protocol 
in scenarios of expected systemic metabolism relevance.
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Human biological relevance: 
Topical toxicity case studies
Nicole Kleinstreuer 
NIEHS/DTT/PTB/NICEATM, United States 

nicole.kleinstreuer@nih.gov 

The concept of biological relevance is a key element in many mod-
ern scientific confidence frameworks designed to support flexible, 
fit-for-purpose approaches to validating and establishing scientific 
confidence in New Approach Methodologies (NAMs). The “gold 
standard” objective is to design NAMs that represent human biol-
ogy in a way that exceeds the ability of reference in vivo guideline 
studies to predict specific toxicological effects, where possible. In 
the case of topical toxicity endpoints such as skin sensitization and 
skin/eye irritation, several decades of work have led to well-devel-
oped understanding of the mechanisms (e.g., via an Adverse Out-
come Pathway (AOP)) and the relevant human anatomy and phys-
iology. Test methods that map to key events or represent the crit-
ical biology with sufficient coverage can be assessed in terms of 
their human relevance and can even, in cases with robust human 
clinical data, be shown to predict the human outcome better than 
existing animal models when combined into defined approaches 
and integrated approached to testing and assessment. These ap-
proaches serve as benchmarks for development of future strategies 
to predict specific effects, particularly when tacking more com-
plex endpoints whose mechanisms may need to be characterized 
via AOP networks or other analogous biological interaction maps.
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The successful adoption of predictive toxicology approaches re-
quires high confidence curated reference data which are stan-
dardized to facilitate interoperability in drawing connections be-
tween toxicological endpoints and chemical properties through 
easily accessible tools. To effectively leverage predictive toxicol-
ogy tools, it is imperative to identify and curate reference toxi-
cological bioassay data as well as NAMs data within the appro-
priate context of use. Disparate data sources, however, can be dif-
ficult to aggregate and interpret. With a single open access point 
for interoperable data and predictive tools, computational toxicol-
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the safety of chemicals and medical 
products in the United States
Nicole Kleinstreuer 
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In 2018, the Interagency Coordinating Committee on the Valida-
tion of Alternative Methods (ICCVAM) published the US Strate-
gic Roadmap for Establishing New Approaches to Evaluate the 
Safety of Chemicals and Medical Products in the United States. 
ICCVAM is made up of representatives from US federal agencies 
that require or consider chemical safety testing data, and are in-
terested in more rapid, human-relevant approaches to supplement 
or replace existing regulatory standard in vivo guideline tests. The 
National Interagency Center for the Evaluation of Alternative Tox-
icological Methods (NICEATM) provides scientific and operation-
al support to ICCVAM through a variety of efforts including meth-
ods development and validation, construction of computational 
tools, communication and outreach, and stakeholder engagement, 
all driven by federal agency priorities and decision contexts. This 
talk will provide an overview of ICCVAM and NICEATM’s prog-
ress in developing, evaluating, and implementing alternatives to 
animal testing in the five years since the publication of the road-
map. Key to the success of the roadmap has been implementation 
plans paired with specific toxicity endpoints, and communica-
tion with regulatory decision makers and end-users to understand 
stakeholder needs when designing and evaluating new methods. 
Efforts to replace the “six-pack” of acute toxicity tests and devel-
opment of computational resources to support regulatory needs 
will be highlighted, as well as future challenges and opportunities 
in the areas of designing testing strategies for increasingly com-
plex endpoints and flexible, fit-for-purposes approaches to estab-
lishing confidence in alternatives.
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Applications in environmental 
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The field of computational toxicology has enjoyed rapid growth 
over the last decade, with the maturation of cognitive algorithmic 
tools and software to mine, process, and model data to facilitate 
robust and reliable predictions of chemical property, activity, and 
toxicity endpoints. Success lies in iterative and mutually informa-
tive approaches along a continuum of FAIR (findable, accessible, 
interoperable, and reusable) data resources, predictive analyses, 
experimentation, and mechanistic models, with the goal of gen-
erating insights into human disease processes and their suscepti-
bility to environmental perturbations. Underpinning this “Comp-
Tox continuum” is augmented intelligence, a field that leverages 
big data and computational tools (e.g. ICE: https://ice.ntp.niehs.
nih.gov/) to join techniques of machine learning, artificial intelli-
gence, natural language processing, mathematical modeling, and 
data analytics to enhance and support human intellect. Applica-
tions of augmented intelligence in environmental chemical assess-
ments that will be discussed range from models for specific toxici-
ty endpoints (e.g. endocrine disruption, cardiovascular toxicity), to 
automation of published literature curation and annotation, to sys-
tems modeling approaches and computational workflows enabling 
hypothesis generation and testing.

Presentation: Oral

317

A SafetAI Initiative: AI based 
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assist reviewers with predicting 
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Shraddha Thakkar 
Center for Drug Evaluation and Research, FDA, United States 

shraddha.thakkar@fda.hhs.gov 

Drug safety is of great concern to public health. In addition, during 
the Investigational New Drug (IND) application submission pro-
cess, the FDA specifically reviews the safety of the submitted 
drug candidate before the sponsor can initiate any clinical trials. 
SafetAI is a collaborative initiative led by CDER (e.g., funded by 
a FY2022 CDER Safety Research Interest Group grant), where  

ogy analyses can yield novel insights and pave the way to ani-
mal-free chemical assessments. Accessible tools with appropri-
ately contextualized outputs can further facilitate interpretation 
and advance adoption of NAM-based evaluations. For example, 
approaches such as PBPK and IVIVE can help with dose-setting 
and target organ exposure predictions, while read-across and ma-
chine learning algorithms can provide insight into chemical prop-
erty-based similarity, chemical use, and exposure predictions. By 
curating and harmonizing datasets, the Integrated Chemical En-
vironment (ICE; https://ice.ntp.niehs.nih.gov/) provides users the 
opportunity to aggregate diverse data using a suite of tools to fa-
cilitate predictive analyses. As a centralized, well-documented, 
user-friendly resource for reference chemical lists, curated his-
torical guideline toxicity test data, annotated NAM datasets, and 
powerful computational toxicology workflows and tools, ICE 
leverages NAMs and augmented intelligence approaches for next 
generation chemical assessments.
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An adverse outcome pathway (AOP) is a framework for organiz-
ing information regarding the sequence of molecular and cellular 
events that can lead to a toxic effect when an organism is exposed 
to a substance, and, importantly, can provide a conceptual basis for 
non-animal testing strategies. Construction of an AOP can be used 
to demonstrate plausible links between biological interactions that 
describe how exposure to a substance might cause illness or injury 
and develop predictive models of cell- or biochemical-based tests 
that could be used to develop testing strategies for targeted tox-
icity. An AOP that represents the underlying signaling pathways 
leading to an adverse in vivo effect, e.g., skin sensitization, can be 
used as a foundation upon which in vitro test methods are mapped 
and combined, and thus, in vitro responses may serve as a measure 
of that adverse effect. Though non-animal testing strategies do not 
always require an AOP, the use of these frameworks have contrib-
uted to regulatory acceptance of in vitro adversity measures used 
for hazard identification and characterization (including classifica-
tion and labeling) without having to demonstrate the effect in vivo. 
While this approach is not feasible or practical for all toxicity end-
points, there are a number of examples where detailed AOP frame-
works may support an in vitro determination of adversity.
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ed as growth substrates at 48 hours in 384-well format. Transcrip-
tomic gene set variation analysis of hNP1 cells on each HDL type 
indicated that cells cultured on LN111 had the greatest enrichment 
for embryonic neural stem cell markers. Principal component anal-
ysis indicated that HTPP profiles for all HDL conditions were dis-
tinct from MDL with LN111 being the most similar based on cen-
troid distance analysis. LN111 was selected for HTPP chemical 
screening studies to facilitate comparison to previously generat-
ed screening data from hNP1 cells using the MDL substrate. This 
work demonstrates that LN111 may be a suitable replacement for 
MDL in the Tier 1 and DNT-IVB assays. This abstract does not re-
flect US EPA policy.
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The Interagency Coordinating Committee on the Validation of 
Alternative Methods (ICCVAM) is made up of representatives 
from US federal agencies that require or consider chemical safe-
ty testing data, and are interested in more rapid, human-relevant 
approaches to supplement or replace existing regulatory stan-
dard in vivo guideline tests. The National Interagency Center for 
the Evaluation of Alternative Toxicological Methods (NICEATM) 
provides scientific and operational support to ICCVAM through a 
variety of efforts including methods development and validation, 
construction of computational tools, communication and outreach, 
and stakeholder engagement, all driven by federal agency priori-
ties and decision contexts. This talk will provide an overview of 
ICCVAM and NICEATM’s progress in developing, evaluating, 
and implementing alternatives to animal testing in the five years 
since the publication of the US Strategic Roadmap for Establishing 
New Approaches to Evaluate the Safety of Chemicals and Medical 
Products in the United States. Successes, such as efforts to replace 
the “six-pack” of acute toxicity tests and development of compu-
tational resources to support regulatory needs, will be highlighted, 
as well as future challenges and opportunities in the areas of de-
signing testing strategies for increasingly complex endpoints and 
flexible, fit-for-purposes approaches to establishing confidence in 
alternatives.
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NCTR is developing a suite of deep learning-based QSAR models 
for various safety endpoints critical to regulatory science and the 
IND review. Currently, the initiative has focused on five key safe-
ty endpoints: hepatotoxicity, carcinogenicity and mutagenicity. We 
are developing a novel deep learning-based precision system for 
toxicity (DeepPST) which is designed to optimize toxicity predic-
tion for individual compounds based on their chemical character-
istics. In a pilot study, DeepPST was compared to several conven-
tional machine learning and state-of-the-art deep learning methods 
for predicting drug-induced liver injury (DILI), carcinogenicity, 
and Ames mutagenicity. The preliminary results from DeepPST 
yielded significant improvement in these toxicity endpoints in com-
parison to other deep learning and QSAR methods. SafetAI facili-
tates drug-safety research with the novel DeepPST architecture that 
improves the “precision” in toxicity assessment by tailoring pre-
diction to chemical characteristics. It could play a role in providing 
critical safety information during the IND review process.
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The US EPA developmental neurotoxicity in vitro testing battery 
(DNT-IVB) includes proliferation and apoptosis assays using hu-
man hNP1 neuroprogenitor cells. In addition, US EPA has pro-
posed a tiered hazard evaluation strategy that uses high-through-
put transcriptomics (HTTr) and high-throughput phenotypic 
profiling (HTPP) to characterize the biological activity of chem-
icals in human-derived cells, including hNP1. Currently, for 
both Tier 1 and DNT-IVB screening, hNP1 cells are cultured on 
mouse-derived laminin (MDL) that is isolated from mouse Engel-
breth-Holm-Swarm sarcoma tumors. While effective in supporting 
the growth of hNP1 cells, MDL can vary by lot. The goal of this 
work was to identify a human-derived recombinant laminin (HDL) 
for hNP1 cells that can replace MDL in the Tier 1 and DNT-IVB 
assays. Three concentrations (1, 5, 10 µg/mL) of four types of 
HDL (BioLamina LN111, LN211, LN511, LN521) were evaluat-
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ment prohibiting animal testing in 2015. This stimulated research 
interest in NAMs focused on cosmetics. Pressure by international 
companies and AP groups continued, resulting in Korean chem-
ical law amendments passed 2018 and 2020 that support the use 
of NAMs. After further campaigns to convince industry and reg-
ulatory agencies to invest in NAMs, the Ministry of Environment 
(MoE) introduced the 2030 vision for chemical safety and animal 
welfare that promises to vastly increase the use of NAMs by 2030. 
Our discussions with MoE resulted in creation of a task force ded-
icated to a roadmap for NAM development and implementation in 
which we participated. Despite increasing interest in research and 
development of NAMs, the lack of connection between research 
funding authorities and regulatory agencies remains a barrier to the 
uptake NAMs at the regulatory level. To support on-going region-
al efforts and compel international, multilateral collaboration, dis-
cussions between KoCVAM, politicians, NGOs, research and in-
dustry experts resulted in two bills being introduced. These bills 
will provide structural and financial support for NAMs at multiple 
levels. The evolution of multi-stakeholder dialogue in Korea has 
resulted in a rapidly evolving international voice to move towards 
non-animal advanced testing and approaches.
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Young TPI: Empowering young 
people to go animal testing-free
Victoria de Leeuw1, Julia Menon2,3, Nikolas Gaio4, 
Marta Valverde5, Aarti Ramchandran6, Rebecca van 
Eijden7 and Fatima Abarkan8 
1Centre for Health Protection, National Institute for Public Health and the 
Environment (RIVM), The Netherlands; 2Preclinicaltrials.eu, Netherlands 
Heart Institute, The Netherlands; 3Fundamental Research, Netherlands 
Organisation for Health Research and Development (ZonMw), The 
Netherlands; 4Bi/ond Solution, The Netherlands; 5Utrecht Institute for 
Pharmaceutical Sciences, Div. Pharmacology, Utrecht University, The 
Netherlands; 6MSD, The Netherlands; 7Nijmegen School of Management, 
Radboud University, The Netherlands; 8Faculty of Science, Radboud 
University, The Netherlands 

victoria.de.leeuw@rivm.nl 

The next generation of young professionals and students is essen-
tial to accelerate the transition towards animal-free science. The 
initiative Transitie Proefdiervrije Innovatie (TPI), therefore, cre-
ated Young TPI to involve the youth and make them aware of the 
transition and what is possible in the field of animal-free innova-
tions. TPI is comprised by the Dutch government, companies and 
academia, and shifted focus in 2018 from reducing animal studies 
to increasing animal-free innovations. 

Young TPI is a network aiming to empower the new scientific 
generation to use their thinking and acting power in relevant new 
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Advancing science and ethics through  
legislation: The HEARTS Act
Monica Engebretson 
Cruelty Free International, United States 

monica.engebretson@crueltyfreeinternational.org 

The field of alternatives research has accelerated in the past 30 
years, largely because of legislative pressures on specific sectors 
to end animal testing and/or use non-animal methods. However, 
Office of Inspector General reports have repeatedly note repeat-
ed failures to search for alternatives to painful procedures and to 
document the availability of alternatives in research proposals. In 
2019, the United States Government Accountability Office (GAO) 
recommended that federal agencies better monitor and report on 
their efforts to develop and promote replacement alternatives and 
decrease animal use. 

The US National Institutes of Health (NIH) is experiencing 
a growing demand from Congress and the public to replace the 
use of animals in publicly funded research. Our presentation will 
guide you through the Humane and Existing Alternatives in Re-
search and Testing Sciences (HEARTS) Act which is set to ad-
vance science and ethics by prioritizing the use of non-animal 
methods in NIH funded research. This will be achieved in several 
ways including directing the NIH to incentivize the use of non-an-
imal methods, establishing guidelines for alternatives searches 
and requiring that proposals are reviewed by at least one person 
with expertise in non-animal research methods. In addition, the 
Act establishes a “National Center for Alternatives to Animals in 
Research and Testing” dedicated to the funding and development 
of alternatives. The new Center would also track the number of an-
imals used in federally funded research and be tasked with devel-
oping a plan for reducing those numbers.
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Critical dialogue for evolving NAM 
support and policy in South Korea
Borami Seo 
Humane Society International, South Korea 

bseo@hsi.org 

Political and public campaigns, along with collaborative activities 
with regulatory agencies are paving the way for regulatory uptake 
of non-animal methods (NAMs) in Korea. Following enactment of 
the European cosmetics ban, animal protection (AP) groups began 
a campaign to apply societal and political pressure for the Korean 
government to follow suit, resulting in the Cosmetics Act amend-
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sponse assays. Chemical exposures produce distinct biological ac-
tivity patterns, and we routinely collect unbiased whole-genome 
transcriptomic responses to discover the expression changes that 
are causally linked to phenotypic responses produced by the ex-
posures which should improve data translation. The generation of 
phenotypic and gene expression response data from structurally 
diverse chemicals and mixtures a scale necessary to begin to pre-
dict the structural attributes that result in biocompatibility versus 
toxicity.
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From academia to the shopping cart:  
How to use new methods in  
real life chemical risk assessment
Costanza Rovida 
CAAT-Europe, Konstanz, Germany 

costanza.rovida@chimici.it 

The number of available new methods based on cell systems and 
in silico methods is increasing fast. The potential and need to in-
vest in such approaches are well represented by the financial ef-
forts dedicated to the development of Novel Approach Method-
ologies (NAM), i.e. with the H2020 funded EU-ToxRisk project 
(ended in 2021) and the ASPIS cluster. Nevertheless, NAM appli-
cation in real-life chemical assessment is still limited. One of the 
reasons is the industry’s difficulties to move from the standard an-
imal-based testing when dealing with regulatory requests or oth-
er toxicological questions. While Contract Research Organisations 
(CROs) have long experience with animal tests, the application of 
non-animal approaches is limited. To solve this problem, a team 
from the EU-ToxRisk project initiated the SaferWorldbyDesign 
platform (https://saferworldbydesign.com/) now continuing with-
in the RISK-HUNT3R project. The platform’s mission is to have 
a role in the transition toward a safer world by translating research 
methods developed into practical applications through a one-stop-
shop. The service includes the identification of the best solution for 
the specific problem, whether it is the design of safer products or 
the compliance with regulatory requirements, the management of 
the testing experiments in the most suitable laboratories until the 
preparation of the final report that contains practical indications on 
how to present the results. Thanks to its involvement within the 
ASPIS and the cluster’s wide stakeholder network, the platform 
will increase its impact with the goal to ensure optimal conditions, 
in terms of regulatory and commercial objectives.
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animal-testing-free initiatives and existing forms of consultation. 
The network is active in the breadth of research, from fundamen-
tal, translational, and regulatory research to education, to find out 
how to advance the acceleration towards animal-free methods. It 
also focuses on understanding the factors behind the acceptance 
and implementation of animal-free methods. It accomplishes this 
through three pillars: stimulate the transition (e.g., working with 
collaborators, ambassadors, and creating incentives for a change), 
raise awareness & show the possibilities (with lectures and cours-
es) and create a network & share experience. 

Starting in February 2022, the network attracted 150 young 
professionals and students. The network currently focuses on the 
Netherlands, and organised activities such as physical lectures 
about transitions, a webinar about systematic reviews, a think 
tank for the ZonMw Knowledge Agenda, the Transition Challenge 
and network events. Young TPI intends to expand internationally 
in the upcoming years to empower all young scientists to go ani-
mal-testing-free.
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Using zebra fish for chemical 
mixtures risk assessment
Robyn Tanguay1,2, Lisa Truong1,2 and Michael 
Simonich1,2 

1Oregon State University, United States; 2Sinnhuber Aquatic Research 
Laboratory, United States 

robyn.tanguay@oregonstate.edu 

For decades toxicologists relied solely on rodent-based assays to 
assess the toxicity/safety of chemicals, but the cost of these as-
says continues to limit thorough safety assessments, particular-
ly for chemical mixtures. Although individual models are insuf-
ficient to meet these challenges, the complexity of mixtures must 
be met with the sensitivity to quantify the toxicity of chemicals 
with similar or different modes of action. We have demonstrated 
that the intrinsic advantages of zebrafish make this model ideal for 
filling important knowledge gaps. Multi-dimensional zebrafish as-
says provide rapid ways to discover and compare the bioactivity 
of chemicals and mixtures for decision making and as a path to 
define mechanisms of action. This presentation will provide ex-
amples where high throughput screening and systems approaches 
can quickly define the toxicity of individual chemicals, component 
mixtures, and complex whole mixtures. Zebrafish are typically ex-
posed test chemicals or mixtures across concentrations spanning 
orders of magnitude, with deep biological replication allowing for 
rigorous statistical analysis. Chemical effects on survival and de-
velopment are evaluated at 24 and 120 hpf, and motor behavior 
changes are measured using two high throughput photomotor re-
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parameters creating variability and jeopardizing scientific validity. 
The Swedish National Committee for the Protection of Animals 

Used for Scientific Purposes and the Swedish 3Rs Center collab-
orated with experts to map the problem of aggression in group 
housed male mice at university research facilities and private 
companies in Sweden. Veterinarians, ethologists, animal techni-
cians and researchers participated in eleven workshops and one 
survey. The results have been communicated at different meetings 
and compiled in national guidelines. Furthermore, we performed a 
systematic literature review to map how the literature support, or 
do not support, published recommendations within the field. 

The compiled results suggest keeping stable groups, using less 
aggressive strains and enrichment as important factors to prevent 
aggression. Hiding devices and nesting material seem to prevent 
aggression better than locomotor devices that could be monopo-
lized. However, there is no one-solution-fits-all and different in-
terventions can work at different facilities. The results from the 
workshops and survey also highlight the importance of establish-
ing and evaluating routines at the facilities, and to promote col-
laboration and communication between researchers, veterinarians, 
animal technicians and the management. 

Both approaches – a literature review and compiled experienc-
es from research facilities, proved to be important and to comple-
ment each other in developing guidelines on how to prevent ag-
gression in group housed male mice.
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Every day with every interaction: 
Developing a common 
culture across disciplines
Kelly Morrisroe1,2, Stacey Smith1,2, Jessica Khuu1,2 and 
Rita Bellanca1,2 
1Washington National Primate Research Center, United States; 2University 
of Washington, United States 

morrisro@uw.edu 

Merriam-Webster defines culture in part as “the set of shared atti-
tudes, values, goals, and practices that characterizes an institution 
or organization.” Changing animal handling practices toward more 
cooperative techniques requires change at a cultural level in re-
search settings. At the Washington National Primate Center (WaN-
PRC), our animal training program has established a core set of 
values based in positive reinforcement. We have taught these val-
ues as well as a common language for interacting with monkeys to 
everyone, across all disciplines, who interact with our animals. A 
substantial increase in the number of requests to train cooperative 
behaviors over the past 5 years is evidence that the culture change 
is taking effect. Currently we train fifteen distinct behaviors across 
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Partnering with policymakers to 
advance NAMs: Strategies and 
best practices that achieve results
Elizabeth Baker 
Physicians Committee for Responsible Medicine, United States 

ebaker@pcrm.org 

Advancing new approaches for use in research and testing requires 
a comprehensive strategy that includes scientific support, education 
and outreach, and policy change. Policymakers play a crucial role 
in supporting innovative science that offers the potential to improve 
research and testing while reducing and replacing animal use. In re-
cent years, scientists and lawyers have partnered with policymak-
ers on a multitude of initiatives that are propelling science forward 
by supporting the use of new approaches. Many policymakers are 
now eager to work on initiatives that improve science and protect 
animals. Advances include legislation requiring agency and indus-
try use of nonanimal approaches, funding allocated to support re-
duction of animal testing, and requests to update regulatory require-
ments for animal use. But, how did we get here? Relationship build-
ing, and the ability to effectively communicate the importance of 
ethics and scientific advancement, lay the foundation. Successful 
endeavors also require persistence, expertise, and creative solutions 
to the barriers that scientists face in developing and using new ap-
proaches.
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Aggression in group-housed 
male mice: A dual approach to 
increased understanding
Elin M. Weber1, Josefina Zidar2, Birgit Ewaldsson3, 
Kaisa Askevik4, Emma Svensk4 and Elin Törnqvist5,6,7 
1Department of Animal Environment and Health, Swedish University of 
Agricultural Sciences, Skara, Sweden; 2Department of Animal Environment 
and Health, Swedish University of Agricultural Sciences, Uppsala, Sweden; 
3Department of Animal Science and Technology, AstraZeneca, Mölndal, 
Sweden; 4Swedish 3Rs Center, Swedish Board of Agriculture, Jönköping, 
Sweden; 5Swedish National Committee for the Protection of Animals Used 
for Scientific Purposes, Swedish Board of Agriculture, Jönköping, Sweden; 
6Department of Animal Health and Antimicrobial Strategies, National 
Veterinary Institute (SVA), Uppsala, Sweden; 7Institute of Environmental 
Medicine, Karolinska Institutet, Stockholm, Sweden 

emma.svensk@jordbruksverket.se 

Aggression among group-housed male mice is a major animal wel-
fare concern often observed at animal facilities. Pain, stress, and so-
cial isolation, as a consequence of aggression, can alter physiological 
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Overcoming challenges in  
the development  
of quantitative AOPs
Richard Currie 
Syngenta, United Kingdom 

richard.currie@syngenta.com 

The adverse outcome pathway (AOP) is a framework to organise 
key events (KE) and KE relationships (KERs) across multiple lev-
els of biological organisation, from the molecular initiating event 
to a toxicologically relevant adverse outcome. By necessity KERs 
include an assessment of dose-concordance between KEs. How-
ever, most AOPs are qualitative and therefore uninformative for 
the derivation of a point of departure to use in risk assessments. 
Quantitative AOPs (qAOPs) are a tool for a biologically based pre-
diction of the quantitative exposure of a chemical needed to pro-
duce an adverse outcome. A range of mathematical modelling 
approaches are available to produce qAOPs. There is a need for 
guidance on the building, practical application, and validation of 

disciplines. Success is also reflected in the number of people with 
the skills to effectively elicit these behaviors, with 71 people who 
can train at least one of those 15 behaviors. Whether Neurosci-
ence, Infectious Disease, or Bioengineering, every scientific core 
at the WaNPRC requires a certain level of cooperation from our 
non-human primate subjects. The tasks required from the animals 
for each of these disciplines is different, however the basic tenets 
of behavior shaping and the use of positive reinforcement to elicit 
cooperative behaviors is the same. By giving everyone who inter-
acts with our animals a common knowledge base and language for 
communicating with the primates and each other, we have shifted 
the culture towards the use of positive reinforcement and cooper-
ative handling.
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Regulatory acceptance and 
implementation of new approach 
methodologies in Taiwan
Pinpin Lin and Hsien-Jen Cheng 
National Institute of Environmental Health Sciences, National Health 
Research Institutes, Taiwan 

pplin@nhri.org.tw 

Being Aware of the global developments on 3Rs and new approach 
methodologies (NAMs), National Health Research Institutes 
(NHRI) in Taiwan has involved in promotion and implementation 
of internationally validated NAMs and strategies since 2017. In 
2020, NHRI represented Taiwan to join the International Coopera-
tion on Alternative Test Methods as a partner. Meanwhile, Taiwan 
governmental agencies have made some progresses on regulatory 
acceptance of NAMs. Taiwan Food and Drug Administration bans 
animal testing for both cosmetic products and ingredients since 
2019. In 2020, Taiwan Environment Protection Administration be-
gins to review and accept the submitted data generated with ISO or 
OECD announced NAMs or in silico methods, for toxic endpoints 
including skin and eyes adverse effects as well as aquatic toxicity. 
In 2022, Taiwan Council of Agriculture adopts non-animal meth-
ods for production and quality control of classical swine fever vi-
rus vaccine. More efforts are in progress for evaluating NAMs 
in registration of new chemicals and pesticides. The Taiwan 3R 
Office was officially set up in 2022. An interagency platform is 
launched to develop more NAMs for biomedical research.
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based on the solvent control are more accurate than those based on 
either the water or pooled control only. There was a greater abili-
ty to fit models for ECx estimation with the solvent control versus 
the water control. Use of the solvent control maintains 80% pow-
er to detect 10% effects with lower false positive rates than other 
control choices. 

Therefore, there is preliminary statistical evidence to support 
omitting the water control in FELS studies using a solvent. 

 
This presentation reflects the views of the authors and should not  
be construed to represent US FDA’s views or policies.
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Target images and their role 
in facilitating the transition 
towards non-animal science
Jan-Bas Prins1,2,3 and Leane van Weereld1 
1Netherlands National Committee for the protection of animals used for 
scientific purposes (NCad), The Netherlands; 2Biological Research Facility 
at the Francis Crick Institute, The Netherlands; 3Laboratory Animal Science 
of Leids Universitair Medisch Centrum (LUMC), The Netherlands 

leane.vanweereld@rvo.nl 

The Netherlands National Committee for the protection of ani-
mals used for scientific purposes (NCad) published its policy ad-
vice “Transition to non-animal research – On opportunities for the 
phasing out of animal procedures and the stimulation of innova-
tion without laboratory animals” in 2017. It contains recommenda-
tions for accelerating the transition to animal-free research and ed-
ucation. One of the recommendations was to create target images 
for basic/fundamental research. Target images describe clear tran-
sition objectives for a specific research domain aimed at reducing 
the use of laboratory animals with equal or better research quality 
and define the prerequisites that must be met to achieve the targets. 
The typical horizon for a target image is 5 to 10 years. Currently, 
four target images are in different stages of realization. The target 
image for the Neurosciences was published in 2021, and the one 
for Education and Training at the end of 2022. The target imag-
es for cardiovascular research and immunology are expected to be 
published in the second half of 2023. See also abstract NAMs: tar-
get image immunology. 

Target images are drafted and published by the research do-
mains themselves. By setting ambitious and realistic targets and 
detailing prerequisites, a research domain takes its responsibility 
to accelerate the transition to animal-free research. The concept of 
target images with examples from the published target images will 
be presented.
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qAOPs. Therefore, the European Centre for Ecotoxicology and 
Toxicology of Chemicals invited experts from different sectors to 
make recommendations on the design, interpretation, and applica-
tion of quantitative KERs, based on existing qualitative AOPs that 
are provide confidence for in use in regulatory decision making. 
They considered (1) What level of biological detail is necessary 
to include in a qAOP, (2) what is the most appropriate modelling 
approach, and (3) how do we ensure the quality and accessibility 
of qAOP models and their prediction? Briefly, the mathematical 
model needs to be “fit-for-purpose” and that specific purpose must 
be defined at the start. All modelling methodologies require the 
identification, extraction and use of reliable data and information 
to inform this process. Recommendation ways to achieve these 
goals will be shared.
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Reducing the number of controls  
in fish early-life stage toxicity 
tests when solvents are required
Christopher Fassbender1, John Green2, David Dreier3, 
Daniel Faber4, Wesley Hunter5, Thomas Hutchinson6, 
Anthony Parker5, Laura Stets5, Lennart Weltje7 and 
Gilly Stoddart1 
1PETA Science Consortium International e.V., Stuttgart, Germany; 
2John Green Ecostatistical Consulting LLC, United States; 3Syngenta 
Crop Protection LLC, United States; 4Bayer AG Division Crop Science, 
Environmental Safety, Germany; 5US Food and Drug Administration 
(FDA), Center for Veterinary Medicine, United States; 6Reckitt, Global 
Safety Assurance, United Kingdom; 7BASF SE, Agricultural Solutions, 
Germany 

christopherf@thepsci.eu 

This project investigates the feasibility of using only the solvent 
control and omitting the water control when a solvent is used in the 
fish early-life stage toxicity (FELS) test. The use of only one con-
trol would substantially reduce the number of fish and resources 
used in tests for which solvents are required. 

A FELS database including solvent and water controls and 
concentration-response data was developed to determine wheth-
er there are systematic differences between the water and sol-
vent controls. For each response, the distributions of control data 
(means, between- and within-replicate variances) for water, sol-
vent, and pooled controls were investigated. The FELS concen-
tration-response data were used to investigate how the NOEC and 
EC10 depend on the choice of control. The power or predictive 
value of the analyses comparing the choice of control was investi-
gated using statistical simulations. 

Statistical simulations indicate that for the solvent dimethylfor-
mamide, fathead minnow EC10 estimates for length and weight 
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Decisions, decisions
Derek Fry 
University of Manchester, Manchester, United Kingdom 

djf345@gmail.com 

This talk plus discussion will focus on how to educate new re-
searchers about both getting the experimental unit for a particular 
experiment right and deciding on a suitable blocking arrangement 
to give an efficient and reproducible experiment. Deciding on the 
experimental unit is not a simple matter as Lasic et al., 2018 have 
cogently argued in “What exactly is ‘N’ in cell culture and animal 
experiments?” [1]. It determines the number to put into a statisti-
cal test and overestimating the true N can greatly overestimate the 
power of an experiment. Deciding on a good blocking design is al-
so a skill new researchers need to develop to make good use of re-
sources and enhance reproducibility. For both animal and in vitro 
studies correct design of an experiment and analysis of the results 
is important for confidence in its validity and public acceptance of 
scientific and toxicological findings. So how to identify the exper-
imental unit correctly and how to set up a good, randomised block 
design are key topics for experimental design teaching. Members 
of the FELASA Experimental Design Working Group have devel-
oped teaching material which has proved effective in helping un-
derstanding of the issues. These issues will be introduced in a short 
talk and then participants given the teaching material to discuss and 
comment. The presentation is particularly for those educating new 
researchers or who are coming into teaching or judging experimen-
tal design for biomedical studies, both in vivo and in vitro.

Reference
[1] PLoS Biol 16(4), e2005282.
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Critical needs for non-animal 
regulatory hazard assessment: 
A REACH perspective
Tomasz Sobanski, Mounir Bouhifd, Evelin Fabjan, 
Tiago Pedrosa and Ofelia Bercaru 
European Chemicals Agency, Finland 

tomasz.sobanski@echa.europa.eu 

The needs for NAMs are different, depending on the type of chem-
ical regulation and geographical region. NAMs to support the 
screening, prioritisation and read-across are available, continue to 
be developed and are used to some extent by regulators around the 
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Bringing reproducible research and 
programming skills to large research 
consortia; think big, act small
Alyanne De Haan1, Marie Corradi1, Thomas 
Luechtefeld2,3, Valentin Salamone4, Thomas Hartung5,6, 
Cyrille Krul1, Jente Houweling7, Francois Busquet4 
and Marc Teunis1 
1University of Applied Sciences, Utrecht, The Netherlands; 2ToxTrack, 
Bethesda, MD, United States; 3Johns Hopkins University, Baltimore, MD, 
United States; 4Altertox, Brussels, Belgium; 5Johs Hopkins University, 
Baltimore, MD, United States; 6University of Konstanz, Konstanz, 
Germany; 7RIVM, Bilthoven, The Netherlands 

marc.teunis@hu.nl 

Volume, velocity, variety and veracity of data in Life Sciences re-
search is increasing. This leads to an increase in the development 
and implementation of computational approaches in research proj-
ects. Many of these research projects are organized as consortia 
with several partners, which chip in to execute the work. These 
consortia typically have a range of expertise covering life scienc-
es-related fields. The need for delivering reproducible research and 
well documented, tested software applications in these projects is 
high, but expertise to achieve this is often lacking. Reproducible 
research covers the steps from obtaining data to the final product. 
Although the skills required for conducting research in a reproduc-
ible manner are well-documented, they are often not effectively 
implemented. They include programming for data science, data 
management (FAIR data), adopting workflows and software de-
velopment. In this work, we present our educational program for 
bringing reproducible research to two projects: 1) The EU Hori-
zon 2020 project ONTOX and 2) The Dutch VHP4Safety proj-
ect. The program aims to increase expertise for doing research in 
a reproducible manner to both early career and more advanced re-
searchers. We have created an open collection of learning materi-
als, available to all participants of the courses and beyond. Here 
we present the layout and content of the individual courses, their 
integrated aim, and the underlying didactics. We share our lessons 
learned and prevent common pitfalls when providing these kinds 
of trainings. The program is evolving constantly due to the com-
munity-driven approach and will serve as a legacy of both projects.
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For this reason, EURL-ECVAM launched a study to collect cur-
rent and emerging non-animal models and approaches in use for 
basic and applied research in the field of AD and PD, with the aim 
to provide an inventory and scientific evaluation of innovative 
(human-based) models. 

We reviewed more than 13,000 manuscripts and identified 568 
advanced non-animal approaches mainly based on simple cell 
cultures, 3D cultures/organoids and brain-on-chip technologies. 
These can be exploited to provide strong mechanistic rationale for 
diagnostic, preventative and therapeutic interventions, for further 
reducing the number of animals employed in neuroscience, and ul-
timately increase translatability for the benefit of patients.
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Helping animal-free innovation  
cross the Valley of Death: 
Empowering young researcher to 
take the leap from lab to business
Saskia Aan1, Debby Weijers1, Chretien Herben2 and 
Math Kohnen2 
1Stichting Proefdiervrij (Dutch Society for the Replacement of Animal 
Testing), The Netherlands; 2GameChanger Challenge B.V., The Netherlands 

aan@proefdiervrij.nl 

Background: Creating strong ventures based on animal free in-
novation helps it reach end users which can increase the use of 
non-animal methods. Early career researchers often wonder how 
to take their research to the next level. Enter the Proefdiervrij Ven-
ture Challenge, a training program that helps young (and old) re-
searchers take their research towards broader implementation. 

Method: The Proefdiervrij Venture Challenge is a 3-month pro-
gram containing multiple workshops, 1 on 1 training sessions and 
feedback from experienced entrepreneurs. The end product is a 
business plan that is presented in front of a jury and a panel of in-
vestors. The jury chooses a winner, who wins 25.000 euros to be 
used for further research and development of the model or prod-
uct. While the investors might decide to invest in one of the teams 
based on their pitch, so everyone could be a winner. 

Results: Three editions were held since 2020, with 12 teams 
participating. Although data on success rates is still being gath-
ered, based on feedback from interviews and questionnaires, we 
can already say that the Proefdiervrij Venture Challenge presents 
a valuable learning opportunity that provides new skills which 
can be directly implemented in daily practice (“Participation in 
the Proefdiervrij venture challenge equipped us with insights we 
wouldn’t have gained otherwise”). Especially for young research-
ers, it can serve as a guide for the next phase in their career (“Each 

globe, in line with the legal frameworks and regulatory require-
ments. However, there are currently only a few endpoints where 
full replacement of in vivo studies with non-animal methods has 
been accepted in a way that is suitable for classification and la-
belling or to conclude on (no)hazard. This is the case for the end-
points where a particular adverse effect can be addressed and the 
mechanism(s) leading to it are in general well understood (e.g., 
skin sensitisation). For the other, more complex toxicological end-
points (e.g., reproductive toxicity) the animal testing is still need-
ed to characterise the hazard in line with the requirements of the 
GHS and CLP. 

This presentation will identify, from a conceptual and scientific 
perspective, the critical needs for moving towards an animal free 
system for hazard assessment, in line with the regulatory require-
ments in Europe, which rely on REACH for data generation. It 
will build on ECHA’s own experience, and the feedback expect-
ed from the stakeholders at the NAM workshop to be organised in 
Helsinki in June 2023. Case studies to benchmark NAMs develop-
ments are essential and will be discussed together with other crit-
ical needs such as better focus of research relevant for regulatory 
purposes, standardisation and validation needs.
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Non-animal methods in 
neuroscience – Focus on Alzheimer’s 
and Parkinson’s disease
Annalisa Gastaldello, Laura Gribaldo and Maurice 
Whelan 
European Commission, Italy 

annalisa.GASTALDELLO@ec.europa.eu 

One of the major challenges facing Europe is its ageing popula-
tion and the associated increase in cases of neurodegenerative dis-
eases such as Alzheimer’s disease (AD, the most common type of 
dementia) and Parkinson’s disease (PD). AD affects over 8 mil-
lion people in Europe, and this figure is expected to double in the 
next 30 years. Population prevalence of PD, the second most wide-
spread neurodegenerative disease, increases from about 1% at age 
60 to 4% by age 80. 

Existing therapies for these diseases are limited, and typically 
only treat the symptoms rather than providing a cure. Although 
there has been considerable investment in research, based pre-
dominantly on animal models, progress in discovering and ap-
proving effective treatments has been low. Indeed, the overall fail-
ure rate of drug development for these two diseases is particularly 
high (99% for AD), with one explanation being the poor transla-
tion of research in animals to humans. 
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Evolving regulatory frameworks 
require methods that are both 
innovative and scientifically valid
Valérie Zuang and Maurice Whelan 
European Commission – Joint Research Centre, Italy 

valerie.zuang@ec.europa.eu 

The EU has recently put forward a large-scale initiative to address 
climate change and environmental degradation called the Europe-
an Green Deal. The aim of the Green Deal is for Europe to become 
a sustainable climate neutral and circular economy by 2050. One 
of its goals is to better protect human health and the environment 
by addressing pollution from all sources and move towards an en-
vironment that is essentially free from toxicants. A key element un-
der this goal is the European Commission’s chemicals strategy for 
sustainability. This strategy sets out more than 80 actions including 
the promotion of the development of international standards and 
innovative risk assessment tools, notably with the OECD, and pro-
motion of their use under international frameworks to shift further 
away from animal testing. 

If done right, validation of new scientific tools and harmoniza-
tion of testing practices can accelerate the pace of chemical safety 
testing and assessment, reduce the use of laboratory animals and 
better protect human health and the environment. This presenta-
tion will explain, through examples, how validation practice is 
evolving to respond to regulatory and policy needs.
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A worldwide survey on the use of  
animal-derived materials and 
reagents in scientific experimentation
Manuela Cassotta1, Joanna J. Bartnicka2, Francesca 
Pistollato2, Surat Saravanan Parvatam3, Tilo Weber4, 
Esther Müller4, Vito D’Alessandro1, Luísa F. Bastos5 
and Sandra Coecke2 
1Oltre la Sperimentazione Animale (OSA), Segrate, Milan, Italy; 2European 
Commission, Joint Research Centre (JRC), Ispra, Italy; 3Centre for 
Predictive Human Model Systems, Atal Incubation Centre-Centre for 
Cellular and Molecular Biology (AIC-CCMB), Hyderabad, India; 4Animal 
Welfare Academy of the German Animal Welfare Federation, Neubiberg, 
Germany; 5Eurogroup for Animals, Brussels, Belgium 

tilo.weber@tierschutzakademie.de 

The use of cell and tissue-based methods has been increasing ex-
ponentially while still routinely containing animal-derived compo-
nents, including serum, coating materials, growth factors and an-

exercise was designed to take us a step further towards translating 
strong science into an even stronger venture”).
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Robotic device for fully automated 
high-content screening on C. elegans  
as a novel NAMs platform  
for chemical toxicity assessment
Elena Kastyuba, Lazar Stojkovic, Fabien Tâche, Matteo 
Cornaglia and Laurent Mouchiroud 
Nagi Bioscience SA, Switzerland 

laurent.mouchiroud@nagibio.ch 

Nematode Caenorhabditis elegans constitutes a valuable New Ap-
proach Method (NAM) for multiple applications, including pre-
dictive toxicology. This microscopic worm gained popularity for 
its ideal short size and life cycle, ease of cultivation and propaga-
tion, and powerful genetic toolkit. While C. elegans has the poten-
tial to complement in vitro models to better predict toxic outcomes 
in mammals, the current experimentation methods lack automa-
tion and standardization, limiting their wider use in screenings. 

In response, we developed a microfluidic-based robotic plat-
form that automates the entire process of C. elegans culture, treat-
ment, high-content imaging, and phenotypic analysis. The plat-
form is able to execute multiple toxicity assays, including the pos-
sibility of using the existing sample collection of reporter strains 
thanks to the fluorescent imaging capability. 

As an illustration, we evaluated the reproductive and develop-
mental effects of twenty benchmark chemicals on C. elegans us-
ing the proposed platform. Synchronized populations of worms 
were chronically exposed to five doses of test compounds start-
ing from the last larval stage (L4). Time-resolved phenotypic read-
outs were automatically extracted from the hourly-collected im-
ages of the worms, including growth dynamics, sexual maturity, 
fertility, embryonic viability, progeny accumulation and survival 
rate. Out of the tested compounds, methotrexate showed the most 
pronounced embryonic viability adverse effects, while bisphenol 
A strongly impacted the mothers’ development. 

Overall, we propose an innovative solution for rapid identifica-
tion of toxic compounds and their mechanism of toxicity, bridging 
the gap between in vitro and in vivo assays. Our technology allows 
not only endpoint measurements’ collection, but also the monitor-
ing of biological responses’ dynamics.
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reproducible and transparent way; promotes the use of new ap-
proach methodologies (NAMs) to minimize unnecessary animal 
testing without reducing the safety of human health and environ-
ment; and provides mechanistic, physicochemical and other useful 
information about chemical substances. Several examples of how 
to use this tool in a variety of real-life regulatory applications, e.g., 
using the automated workflow for Defined Approaches for Skin 
Sensitization in place of the in vivo murine local lymph node as-
say, identifying analogues and filling data gaps by read-across for 
simple and complex endpoints like in vitro mutagenicity and de-
velopmental toxicity and how to categorize large datasets accord-
ing to a common mechanism of action. 

This talk will demonstrate the utility of the OECD QSAR Tool-
box in fulfilling protective regulatory safety assessments whilst re-
ducing animal testing.
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Development of a non-animal 
integrated approach to testing and 
assessment for acute aquatic toxicity 
for classification and labelling
Donna Macmillan1, Pravin Ambure2, James Dawick3, 
Nicolas Fabre4, Geoff Hodges5, Sophie Loisel-Joubert4, 
Claudia Rivetti5, Blanca Serrano Ramon6, Eva 
Serrano-Candelas2 and Ricky Stackhouse7 
1Humane Society International, United Kingdom; 2ProtoQSAR, Spain; 
3Innospec, United Kingdom; 4L’Oréal, France; 5Unilever, United Kingdom; 
6ECETOC, Belgium; 7Sasol, United States 

dmacmillan@hsi.org 

Information on acute toxicity of several species is generally re-
quired as part of an ecotoxicological assessment. Within regula-
tory toxicology, three trophic levels are typically considered as a 
proxy of the ecosystem: fish, daphnia and algae. Acute effects are 
typically studied using one or more OECD guideline standardised 
tests including the Fish Acute Toxicity Test (OECD 203); the Fish 
Embryo Acute Toxicity Test (OECD 236) and the Fish Cell Line 
Acute Toxicity – The RTgill-W1 cell line assay (OECD 249). For 
animal welfare reasons as well as the quest for increased rele-
vance, biological coverage and throughput, there have been sig-
nificant efforts to reduce or eliminate the number of vertebrates, 
namely fish, used in ecotoxicological regulatory assessment by ap-
plying the 3Rs principle, e.g., replacing in vivo tests with in vitro  
assays, or by developing Integrated Approaches to Testing and 
Assessment (IATA). To build upon this body of work, a modu-
lar non-animal IATA has been created, using several components 
including in silico predictions, physicochemical parameters and 
mode of action data. 

tibodies. In addition to ethical concerns, the use of animal-derived 
materials and reagents may compromise reproducibility, general-
ly associated with presence of undefined components and batch-
to-batch variability [1,2]. However, non-animal materials, such as 
chemically-defined media or animal-free recombinant antibodies, 
are becoming increasingly available. Their use is encouraged by 
EU’s Directive 2010/63 and OECD’s Good In vitro Method Prac-
tices (GIVIMP) [3]. 

To map the current state of use of animal-derived reagents 
across different sectors and to identify obstacles possibly ham-
pering the implementation of non-animal-derived alternatives, a 
global online survey was conducted. It was addressed to scientists 
working on in vivo, in vitro, in silico methods, in academia and in-
dustry, to understand: 1) the most commonly used animal-derived 
materials, 2) the main issues associated with production and use 
of animal-derived materials, 3) the current level of knowledge on 
available non-animal-derived materials, and 4) what educational 
and information sources could be most useful or impactful to dis-
seminate knowledge on non-animal-derived replacements. 

Here we provide an overview of the survey replies [4] and dis-
cuss possible proposals to increase awareness, acceptance and use 
of non-animal-derived ingredients. 

 
References 
[1] van der Valk et al. (2018). ALTEX 35, 99-118. doi:10.14573/

altex.1705101  
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Using OECD QSAR toolbox to support 
regulatory safety assessments
Donna Macmillan 
Humane Society International, United Kingdom 

dmacmillan@hsi.org 

The OECD QSAR Toolbox can be used to support hazard assess-
ment and minimize animal testing in chemical safety assessments 
for regulatory application. After an overview of the program, we 
describe several examples of how to use this tool in a variety of re-
al-life regulatory applications. 

The QSAR toolbox is a freely available computer program de-
veloped by the European Chemicals Agency (ECHA) and the Or-
ganisation for Economic Co-operation and Development (OECD). 
The software supports the hazard assessment of chemicals in a 
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a) Are there circumstances where NAMs could be used for chem-
ical safety assessments or to provide information for the clas-
sification and labelling of ingredients in the EU – regardless of 
tonnage? 

b) How could NAMs be used to provide alternative Derived 
No-Effect Levels (DNELs) for decision-making? 

c) Could a and b contribute significantly to the development of 
the EU Chemicals Strategy for Sustainability? 

The output from the workshop was published in 2022 [1]. The con-
clusions of the workshop and follow-up activities by the EPAA to 
establish a “NAMs User Forum” and work to explore the use of 
NAMs for systemic toxicity classification will be discussed.

Reference
[1] Westmoreland et al. (2022). Regul Toxicol Pharmacol 135, 

105261.
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Key elements for achieving a 
transition to non-animal science
Luísa Ferreira Bastos1 and Barney Reed2 
1Eurogroup for Animals, Belgium; 2RSPCA, United Kingdom 

l.bastos@eurogroupforanimals.org 

A growing alignment of ethical concerns and awareness of the sci-
entific limitations associated with the use of animals in research 
and testing, along with recent technological advances, makes the 
moment ripe to increase ambitions for a faster transition to non-an-
imal science. But current policies and practices are not yet deliver-
ing the rate of progress needed. 

Countries like Germany, Sweden, the Netherlands and Nor-
way have identified the potential role of policy to drive (scientif-
ic) change and have made commitments towards reducing the re-
liance on animals and transitioning to animal-free science. The 

A high-quality dataset of existing in vivo and in vitro data was 
compiled, and the in vivo data used to develop a multi-class quan-
titative structure activity relationship (QSAR) model. The IATA 
is designed to provide a categorical output suitable for use within 
the EU Classification, Labelling and Packaging (CLP) and United 
Nations Globally Harmonized System of Classification and Label-
ling (UN GHS) frameworks. Case studies and considerations with 
respect to species relevance and applicability domain will be dis-
cussed within.
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EPAA project: Use of new approach 
methodologies (NAMs) in regulatory 
decisions for chemical safety
Pilar Prieto1, Carl Westmoreland2, Catherine  
Mahony3, Gavin Maxwell2, Irene Manou4 and Charles 
Laroche5 
1European Commission, Joint Research Centre, Italy; 2Unilever, SEAC, 
United Kingdom; 3Procter & Gamble Technical Centre Ltd, United 
Kingdom; 4EPAA Industry Secretariat, Belgium; 5AISE, Belgium 

carl.westmoreland@unilever.com 

The European Partnership on Alternative Approaches to Animal 
Testing (EPAA) includes 5 Directorates-General of the Europe-
an Commission, 3 EU Regulatory Agencies, 37 Companies, and 
8 European industry federations. In Nov 2021, EPAA held a 2-day 
workshop to exchange information between EPAA partners on 
how New Approach Methodologies (NAMs) are being used/con-
sidered for regulatory use in safety assessment and registration. 
The discussion involved NAM users from across EPAA’s Industry 
and European Commission partners talking about their experienc-
es to inform future EPAA activities on the use of NAMs for deci-
sions on chemical safety. 
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new approach methods are being used by the agrochemical indus-
try, will be presented as well as how it will inform the develop-
ment of this new paradigm.
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Real-time lung function 
measurements of Syrian hamsters 
for SARS-CoV-2 research
Wout Nuiten, Katrin E. Wiese, Albertjan ter Heide, 
Wilfred Hamstra, Rineke de Jong, Nadia Oreshkova 
and Nora M. Gerhards 
Wageningen University and Research, The Netherlands 

nora.gerhards@wur.nl 

In preclinical rodent models of respiratory viral infections, dis-
ease is frequently evaluated on virological, pathological and sur-
rogate clinical parameters not directly associated with lung func-
tion. In humans, however, measurement of lung function is criti-
cal for the assessment of respiratory disease severity. To bridge the 
gap between preclinical and clinical readouts, we set up a whole-
body plethysmography (WBP) system in a SARS-CoV-2 Syrian 
hamster challenge model. While WBP measurements have been 
investigated extensively for mice and rats in preclinical research, 
work in hamster models is underdeveloped. To address this, we 
performed a series of experiments aimed at measuring lung func-
tion via WBP in unrestrained SARS-CoV-2-infected hamsters. 
During our measurements, we obtained highly variable and con-
tradictory values outside the normal physiological range. We hy-
pothesized and confirmed by video surveillance that this was due 
to background noise created by normal movement/exploration of 
the hamsters. Importantly, however, we obtained reliable respira-
tory parameters when hamsters were at rest. We noted that the curi-
osity of hamsters in exploring the WBP chambers was not substan-
tially reduced even after repeated acclimatization of several hours. 
We conclude that prolonged, video-supported measurements will 
be needed to obtain sufficient reliable datapoints during periods 
when the hamsters are at rest, an approach that is challenging and 
impractical under BSL-3 conditions. In summary, our experience 
shows that WBP data obtained from unrestrained Syrian hamsters 
may require methodic interpretation. We plan to investigate strate-
gies to limit animal movement, which could aid in obtaining more 
reliable results within a feasible measurement window. 

Funded by CEPI.
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European Union also has the clear objective to fully replace the 
use of animals in science. However, few initiatives have so far set 
out clear and comprehensive coordinated strategies, roadmaps or 
milestones to help achieve the desired goals. 

In other areas of societal concern, such as climate emergency, 
healthcare or education, governments have set out specific aims 
and ambitions. The European Commission has itself also set out 
roadmaps with clear milestones where it has made other commit-
ments to achieving a concrete (long term) goal. For example, the 
EU aims to be climate-neutral by 2050 and to help achieve this 
goal, the European Commission has put forward a roadmap outlin-
ing milestones towards the ultimate target, while identifying policy 
challenges, investment needs and opportunities in different sectors. 

This presentation explores the key elements necessary in a road-
map aimed at accelerating the transition to non-animal science.
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Agrochemical evaluation for the 
21st century: Achieving the vision
Sandrine Deglin and Raechel Puglisi 
Health and Environmental Sciences Institute, United States 

sdeglin@hesiglobal.org 

A rapidly growing human population and a changing world and cli-
mate are increasing the demands on crop production and heighten-
ing the needs for safe and effective crop protection products. Al-
though the existing agrochemical safety evaluation paradigm is 
well established and anchored on classical toxicology methods, it is 
unlikely to meet the urgent challenge of fulfilling the ever-expand-
ing needs of sustainable agriculture within the desired timetable. 

With the science underpinning chemical testing methods is ad-
vancing at a remarkable pace, it is critical to consider how to in-
corporate 21st century approaches into human health and environ-
mental risk assessment decisions for agrochemicals. 

To address this issue, a multidisciplinary, international technical 
science committee comprising participants from government, aca-
demia, industry, non-governmental organizations, and other part-
ners was assembled under the umbrella of the Health and Environ-
mental Sciences Institute. This group is proposing a transformative 
vision for the evaluation of agrochemicals, including a new, fit-for-
purpose approach that relies on the integration of state-of-the-art 
scientific methods, technologies, and data sources, to inform inte-
grated human and environmental risk decisions. Importantly, this 
approach will also be flexible by design (i.e., based on scientific 
questions) to adapt to ever evolving local and global needs. 

This presentation will provide an overview of this vision, and 
feature the strategy adopted to design the roadmap that will lead 
to its realization. Ongoing work, including the exploration of what 
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Challenges as well as global 
developments on science  
and perception of societies
Horst Wenck 
Beiersdorf AG, Germany 

horst.wenck@beiersdorf.com 

This presentation constitutes the introduction to the session. 
When the first animal testing and marketing bans were put in 

force, the cosmetics industry had already conducted research and 
development of alternative approaches for two decades, having 
founded SCAAT (Steering Committee for Alternatives to Animal 
Testing) in 1992. The focus was local skin and eye toxicity and 
mutagenicity. SEURAT-1 as the first public-private partnership in 
the field of regulatory toxicity had then been conceived to identi-
fy principal approaches to chronic systemic toxicity. The follow-
ing decade has produced remarkable advancement in the identifi-
cation of new approach methodologies and principles, both by ac-
ademia and industry, who collaborated in many forms. As a result, 
the Herculean task of revolutionizing the field of toxicology has 
now changed from impossible to conceivable. Confidence in Next 
Generation Risk Assessment (NGRA) is growing, regulatory ac-
ceptance increasing. With more than 60% of global consumers op-
posing animal testing for cosmetics, bans have proliferated to now 
over 40 countries. Today, cosmetic scientists employ exposure-led 
and hypothesis driven safety assessment. Many ingredients don’t 
penetrate the skin, allowing their safety assessment based on the 
Threshold of Toxicological Concern principle. Others can be qual-
ified by using Read Across methods, even first full ab initio as-
sessments become feasible. Here the challenge is to develop and 
employ approaches that prove safety via the combination of latest 
systems biology and in silico modelling approaches, in order to 
properly evaluate the complex network of afferent and tolerabili-
ty-inducing metabolic processes.
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Monitoring animal behaviour  
in infectious disease studies  
with accelerometers and video
Harmen P. Doekes, Rineke de Jong, Ronald Petie,  
Ines Adriaens, Henk J. Wisselink, Nora M. Gerhards 
and Norbert Stockhofe-Zurwieden 
Wageningen University and Research, The Netherlands 

rineke.jong@wur.nl 

Automated monitoring of behaviour is a promising method to fa-
cilitate reduction and refinement in animal experiments. We ex-
plored the use of accelerometers and video to monitor behaviour 
in infectious disease trials with group-housed animals under bio-
safety level 2 and 3 conditions. In a recent study, three rams were 
equipped with two 25 Hz accelerometers, one on the ear and one 
on the back, and an Aruco-marker for video analysis. Data were 
collected starting 5 days prior to infection with Toxoplasma gon-
dii through to 21 days post infection. An activity index (AI) was 
calculated from accelerometer data and time spent drinking was 
quantified with an automated approach using pixel changes from 
video. The ear-based AI was higher than the back-based AI, but 
both showed similar patterns over time. Three days post infection, 
the AI halved during the daytime/active period, while it slightly in-
creased during the night. These data supported a partial disappear-
ance of circadian rhythm and a general restlessness. Time spent 
drinking also decreased for each ram. These trends correspond-
ed well to increased body temperatures measured from days 3-9. 
At 9-11 days post infection, the AI and drinking time returned to 
pre-infection patterns. As the animal caretakers scored the rams 
as “inactive” only during days 5-7 post infection, our monitoring 
provided additional insights into behavioural patterns and disease 
symptoms. We believe that we can work towards a real-time con-
tinuous and automated monitoring system that can facilitate refine-
ment and reduction in experiments with a variety of group-housed 
species in high-containment conditions.
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Advancing data interpretation 
approaches to support the use of 
transcriptomic points of departure 
for prioritization and assessment 
of chemical substances
Anthony Reardon1, Reza Farmahin1, Andrew Williams2, 
Matthew Meier2, Gregory Addicks2, Carole Yauk3, Ella 
Atlas2,4, Joshua Harrill5, Logan Everett5, Imran Shah5, 
Richard Judson5, Sreenivasa Ramaiahgari6, Stephen 
Ferguson6 and Tara Barton-Maclaren1 
1Existing Substances Risk Assessment Bureau, Healthy Environments & 
Consumer Safety Branch, Health Canada, Canada; 2Environmental Health 
Science & Research Bureau, Healthy Environments & Consumer Safety 
Branch, Health Canada, Canada; 3Department of Biology, University of 
Ottawa, Canada; 4Department of Biochemistry, University of Ottawa, 
Canada; 5Center for Computational Toxicology and Exposure, US 
Environmental Protection Agency, United States; 6Mechanistic Toxicology 
Branch, Division of Translational Toxicology, National Institute of 
Environmental Health Sciences National Institutes of Health, United States 

anthony.reardon@hc-sc.gc.ca 

A prominent global challenge for regulatory authorities is the 
continual need to assess numerous chemicals for the hazards and 
risks that they may pose to humans and the environment, partic-
ularly for those with limited data available. New approach meth-
ods (NAMs) that provide a high-throughput means of generating 
data from in vitro approaches are being tested as reliable alterna-
tives to traditional assessment methods. The purpose of this inves-
tigation was to use gene expression data (i.e., transcriptomics) to 
identify best practices in data interpretation methods to build con-
fidence in the use of NAM-based approaches in risk assessment 
activities. A dataset containing 118 diverse chemicals from differ-
ent cell models and experimental designs was collected. A uniform 
workflow was applied to compare transcriptomic-derived points 
of departure (tPODs) generated using different approaches recom-
mended within the literature. tPODs were highly concordant for all 
but one analysis approach, demonstrating their robustness across 
datasets and methods. By implementing high-throughput toxicoki-
netics approaches, tPODs (µM) were translated to human relevant 
estimates (mg/kg-bw/day), revealing NAM-based estimates to be 
more conservative (i.e., protective) when compared to traditional 
PODs for most chemicals. The capacity of tPODs to provide ef-
fect levels that are considered protective compared to those de-
rived from animal test methods supports the ongoing transition to 
applying in vitro data for more rapid prioritization and assessment 
of potentially hazardous chemicals. This study adds to the growing 
evidence demonstrating the advantages of using NAM-based ap-
proaches for hazard assessments in risk assessment applications. 
This abstract does not necessarily reflect US EPA policy.
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Global harmonisation of 
acceptance and implementation 
of 3Rs approaches in biologicals 
quality control and batch release 
testing – An industry perspective
Emmanuelle Coppens 
Sanofi, France 

emmanuelle.coppens@sanofi.com 

Vaccines and more broadly Biologicals imply stringent quality 
control testing throughout manufacturing stages to ensure quali-
ty, safety and efficacy of each commercialized batch. This testing 
often entails the use of animals and is performed both by manu-
facturers and regulatory bodies (National Control Laboratories) in 
compliance with applicable regulations. Global vaccine manufac-
turers are confronted to the fact that these regulations are not har-
monized worldwide and testing methods for the same product may 
be region-specific and lead to multiple in vivo testing of the same 
batch. 

After presenting what 3Rs approaches currently exist for vac-
cine quality control and defining a 4th “R” for removal and/or reli-
ance, we will illustrate through some examples the complexity and 
challenges global companies are faced with. 

A focus will then be given on how global harmonization and 
collaboration leading to better acceptance and implementation of 
3Rs approaches can benefit to patients and all stakeholders, what 
has already been achieved or undertaken and what are the remain-
ing needs. 

This work was funded by Sanofi. Emmanuelle Coppens is a  
Sanofi employee and may hold shares and/or stock options in  
the company.
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methodologies -NAMS- for using read-across in the context of 
next generation risk assessment was developed within the Cosmet-
ics Europe Europe’s long range science strategy. The applicabili-
ty of this framework was proof checked by running different case 
studies, including the homosalate case. This UV-filter has been 
used for several years in sunscreen products; up to 10% in Europe 
and 15% in US. The aim is to explore how NAMs could support 
safety assessment based on read-across, considering the use of ho-
mosalate at 15% for face and body products. 

After calculating the systemic exposure, a set of NAMs was 
used following the tiered workflow until risk characterization. 

For the exposure, ADME properties were considered and used 
to translate applied dose into internal concentrations. 

Dynamics of parents and metabolites were addressed with in sil-
ico and in vitro tools including, endocrine bioactivity, transcrip-
tomics, in vitro pharmacology profiling and cell stress assay. 

The margins of safety obtained are protective of human health. 
This study demonstrated that NAMs can help select and assess an-
alogue similarity and contribute to a quantitative risk assessment. 
More cases might help build confidence in this tiered approach.
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Tiered approaches for next 
generation risk assessment (NGRA) 
of chemicals: Two case studies
Maria T. Baltazar, Paul L. Carmichael, Sarah 
Hatherell, Predrag Kukic, Sophie Malcomber,  
Alistair M. Middleton, Iris Muller, Georgia Reynolds, 
Liz Tulum, Kathryn Wolton and Adam Wood 
Safety and Environmental Assurance Centre, Unilever, United Kingdom 

maria.baltazar@unilever.com 

NGRA is based on tiered, exposure-led frameworks built on the 
principles developed by the International Cooperation on Cosmet-
ics Regulation. Published NGRA case studies using coumarin and 
phenoxyethanol have demonstrated it is possible to integrate ex-
posure estimates and bioactivity points of departure derived from 
new approach methodologies (NAMs) to make decisions on sys-
temic safety. A systematic evaluation of a first tier NAM toolbox 
comprising in vitro pharmacology profiling, a cell stress panel and 
high-throughput transcriptomics in multiple 2D cell lines was per-
formed for 10 different chemicals using 24 benchmark exposure 
scenarios. This showed promise for making consumer safety de-
cisions that are protective but demonstrated that these decisions 
might be overly conservative given that measures of chemical po-
tency are based on bioactivity, which may not necessarily trans-
late into adverse effects in humans. In this talk, we will include 
two new case studies, benzophenone-4, a UV filter used in sun-
screens and sulforaphane, a component of broccoli, where higher 
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Towards a more efficient chemical 
safety assessment  
applying animal-free approaches
Elisabet Berggren and Andrew Worth 
Joint Research Centre, European Commission, Ispra, Italy 

elisabet.berggren@ec.europa.eu 

We suggest a long-term objective to revise the current classifica-
tion system of chemicals to enable an efficient assessment of all 
chemicals on the market resulting in a higher protection of human 
health and the environment. 

In current discussions, both at EU and international level, there 
is a concern that not all critical hazards to human health and the en-
vironment are sufficiently covered. At the same time, an increas-
ingly complex regulatory system leads to an additional burden of 
assessment, delaying regulatory actions. The European Environ-
mental Bureau reported that within the EU a harmonised classifi-
cation of one chemical takes on average 19 years and five months. 
In addition, the European Environmental Agency (EEA) conclud-
ed that approximately 70% of the chemicals on the EU market are 
not assessed for their safe use. 

A re-designed classification scheme should follow the principle 
of equivalent protection to enable us to make the same decisions, 
using already classified substances to calibrate the system. The ap-
plication of NAM-based testing strategies, compatible with the 
new scheme, should ensure that the 1000s of chemicals currently 
not assessed are either classified or deemed to be of low concern. 
The aim is to more efficiently achieve the sustainable use of chem-
icals based on 21st Century science, without necessarily predicting 
adverse outcomes.
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Building confidence in the use  
of new approach methodologies  
for decision-making:  
The homosalate case study
Gladys Ouédraogo1, Matthew Burbank1, Audrey  
Noel-Voisin1, Nicola Hewitt2, Anne Riu1, Romain 
Grall1, Ann Detroyer1, Françoise Gautier1, Sébastien 
Grégoire1 and Nazanin Golbamaki1 
1L’Oréal R&I, France; 2Cosmetics Europe, Belgium 

gladys.ouedraogo@loreal.com 

Although read-across is a well-known data gap filling approach, 
challenges remain when robust legacy in vivo data are not avail-
able on analogues. A 10-step framework building on new approach 
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Building confidence in NGRA and 
milestones achieved in terms of 
acceptance, incl. dialogue with SCCS
Gladys Ouédraogo1, Catherine Mahony2, Matthew 
Dent3, Andreas Schepky4, Nicola J. Hewitt5 and Gerry 
Kenna5

1L’Oréal R&I, France; 2Procter & Gamble Technical Centres Ltd, 
Reading, United Kingdom; 3Unilever, Safety & Environmental Assurance 
Centre, Bedfordshire, United Kingdom; 4Beiersdorf, Hamburg, Germany; 
5Cosmetics Europe, Brussels, Belgium 

gladys.ouedraogo@loreal.com 

In the last decades, progress in science and technology has allowed 
the emergence of next generation risk assessment -NGRA-, espe-
cially for the safety assessment of cosmetic ingredients. A joint 
working group of the International Collaboration on Cosmet-
ics Regulation -ICCR- has developed 9 principles underpinning 
NGRA. Frameworks recapitulating these principles exist and were 
used to run case studies demonstrating their used in practice for 
decision-making. NGRA is exposure led and hypothesis -driven 
and builds on human biology, with sometimes the use of bespoke 
tools. It provides more flexibility compared to traditional risk as-
sessment. 

The use of NAMs to address local endpoints, skin sensitization 
and genotoxicity is more and more advanced, and this was trans-
lated into OECD defined approaches and IATAs. When it comes 
to more complex endpoints (such as systemic toxicity and repro-
ductive toxicity), effort is needed to increase the applicability and 
robustness of NAMs for both safety assessment and address the 
needs of chemical regulations. Essential steps to address this sit-
uation are collaborations with relevant stakeholders globally and 
along the process of NAM/NGRA’s development and evaluation, 
providing access to the methodologies and approaches via train-
ing/education and contract research organizations. This paradigm 
change calls for the consideration of a new framework for qualify-
ing the fitness-for-purpose of the tools and approaches in a prag-
matic way. If some organizations have already embraced this new 
paradigm, a federated effort is needed for its transformation as a 
new standard to meet both risk assessment and chemical regula-
tion needs.
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tier assessments were needed in addition to the first tier described 
above. For benzophenone-4 the early tiers indicated a high expo-
sure to the kidney mediated via active transport, and therefore spe-
cific toxicity renal biomarkers were measured in a primary human 
proximal tubule model. These case studies have shown that protec-
tive and predictive frameworks are not mutually exclusive but are 
complementary and essential in a tiered approach to safety assess-
ment without animal testing.
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Never say “no”: An analysis of  
corner-cutting measures 
by IACUCs at major public 
universities in the United States
Ryan Merkley 
Physicians Committee for Responsible Medicine, United States 

rmerkley@pcrm.org 

In 1985, the U.S. Congress amended the Animal Welfare Act 
(AWA) to require that every research facility using AWA-covered 
animals establish an Institutional Animal Care and Use Committee 
(IACUC). Yet regulations put forth by the U.S. Department of Ag-
riculture in 1989 to enforce the new amendments allow a proposed 
animal use protocol to gain approval after being reviewed by on-
ly a single member of the IACUC. This process, known as Desig-
nated Member Review (DMR), appears at odds with federal law, 
which reads: “A quorum shall be required for all formal actions of 
the [IACUC].” The review of protocols is not only a formal action 
but inarguably a fundamental one for IACUCs. We sought to de-
termine how frequently DMR is used by IACUCs at public uni-
versities in the U.S. that receive the most funding from the Nation-
al Institutes of Health (NIH). Using state public records laws, we 
acquired documents from 14 universities and compared the usage 
of DMR to Full Committee Review during the first 6 months of 
2016, 2019, and 2022. Our analysis revealed that DMR is over-
whelmingly used as the default system for reviewing protocols and 
modifications to protocols, with several institutions using it more 
than 80% of the time. This practice is both a symptom and a cause 
of reduced rigor in the oversight of animal experimentation. We 
will present our data and discuss the history of DMR, including the 
possibility that it may be illegal under U.S. federal law.
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The RepRefRed Society (the Austrian 
 3R Center) and its impact  
on animal welfare and quality in  
science, caring for all. Part I
Birgit Reininger-Gutmann1,2 and Roberto Plasenzotti2,3 
1Medical University Graz, Austria; 2The RepRefRed Society – The 
Austrian 3R Center, Austria; 3Sun Group GmbH, Austria 

birgit.reininger-gutmann@medunigraz.at 

Unlike in regulatory areas, in preclinical human and veterinary re-
search the impetus for the transition to animal free research must 
come from inside the system, from the researchers’ perspective. 

The path to animal-free research can therefore only be taken by 
informing the community involved in animal experiments about 
new tools to strengthen the Refinement as a basis to fulfill the goal 
of definitive Replacement. On the one hand, this can only work 
by providing transparent information about the translational prob-
lems of individual animal experiments and, on the other hand, by 
providing tools to Refine individual experiments or jointly devel-
op new animal-free methods. 

Therefore, we have revised the classical 3Rs from Russel and 
Burch and have added new Rs with the goal to develop tools to 
generate objective solid data and information to help Reduce, Re-
fine and Replace animal experiments. 

The theoretical background of this innovative system of the 
Austrian 3R Center will be presented in this lecture. The practi-
cal implementation of our new approach will be shown in Part II. 

 
Presentation: Oral

389

Insights from a contract testing 
laboratory: Adoption of  
new approach methodologies 
for adventitious agent 
testing of biologics
Sarah Sheridan 
Merck KGaA, United Kingdom 

sarah.sheridan@merckgroup.com 

We present data from our global industry and regulatory insights 
and experience, as a contract testing laboratory, on the drivers 
and challenges in the adoption of new approach methodologies 
(NAMs) for adventitious virus testing. 

In the last decade significant advances have been made by reg-
ulatory agencies and industry towards the development and adop-
tion of NAMs for the detection of adventitious viruses in biophar-
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Evaluation of an in silico 
model for predicting pesticide 
acute oral toxicity
Patricia Bishop1, Kamel Mansouri2, Nicole 
Kleinstreuer2, David Allen3, Amy Blankinship4,  
D. Ethan Harwood4, Tamara Johnson4, Anna Lowitt4, 
Michael Lowitt4 and William Eckel4 

1The Humane Society of the United States, United States; 2U.S. National 
Institutes of Environmental Health Sciences, United States; 3Inotiv, United 
States; 4U.S. Environmental Protection Agency, United States 

pbishop@humanesociety.org 

Acute oral toxicity, based on a dose causing lethality in 50% of an-
imals tested (LD50), is a regulatory data requirement used by the 
United States Environmental Protection Agency (USEPA) for haz-
ard categorization and environmental risk assessment of pesticide 
active ingredients (AIs). Oral hazard to humans is based on four 
USEPA categories ranging from very toxic (LD50 < 50 mg/kg)  
to practically non-toxic (LD50 > 5,000 mg/kg), while risk to wild  
mammals is determined by comparing the LD50 to estimated 
acute oral exposures in the environment after pesticide application. 
The Collaborative Acute Toxicity Modeling Suite (CATMoS), a 
QSAR-based in silico approach to predicting rat acute oral toxic-
ity, was evaluated as a potential non-animal replacement for the 
in vivo LD50 test. A retrospective analysis compared CATMoS 
model predictions to the empirical LD50s of 178 previously reg-
istered pesticide AIs to determine the accuracy and reliability of 
the model in the context of the in vivo data required and used for 
pesticide registration. With respect to acute oral hazard categoriza-
tion, CATMoS successfully predicted EPA toxicity categories III 
and IV. With respect to risk assessment, the results indicate that  
CATMoS predictions of 2,000 mg/kg and above are reliable, pro-
viding information that could be used as one line of evidence when 
considering a waiver of the in vivo acute oral toxicity test for new 
pesticide AIs.
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Update on the use of new 
approach methodologies (NAMs) 
from the US Environmental 
Protection Agency’s Office of 
Pollution Prevention and Toxics
Kellie Fay and Anna Lowit 
Environmental Protection Agency, United States 

fay.kellie@epa.gov 

EPA’s Office of Pollution Prevention and Toxics (OPPT) admin-
isters the Toxic Substances Control Act (TSCA) as amended by 
the 2016 Lautenberg Act. OPPT evaluates the hazard and expo-
sure to new and existing chemicals and is actively applying in vitro 
and computational approaches to support human health and eco-
logical risk assessment. This presentation will showcase on-going 
research and implementation work. For example, OPPT is imple-
menting a collaborative research program to bring innovative sci-
ence to the review of new chemicals. This work aims to support 
major changes in how new chemical reviews can be performed. 
Advances in data curation and database interoperability, the use 
of cheminformatics and quantitative structure-activity relationship 
(QSAR) models, incorporation of a battery of in vitro NAMs, and 
the development of a software tool to integrate multiple tradition-
al and NAM data streams are all components of this collaboration. 
OPPT is also developing and implementing OECD in vitro guide-
line studies for the evaluation for eye irritation, skin irritation, and 
skin sensitization in the new chemicals program. Further, OPPT is 
engaged in developing, updating and applying QSAR models in 
the evaluation of new and existing chemicals such as EcoSAR and 
the QSAR toolbox. With regards to advancing ecological risk as-
sessment, OPPT plans to use WebICE and omics testing in fish as 
part of some existing chemical risk evaluations. As part of the Na-
tional PFAS Testing Strategy, OPPT has issued test orders on se-
lect PFAS and is using a tiered testing approach that includes phys-
ical chemical properties and in vitro testing.
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maceuticals. For example, we have seen the introduction of novel 
sensitive molecular techniques with broad detection capabilities 
such as next generation sequencing (NGS) and targeted virus de-
tection techniques such as degenerate polymerase chain reaction 
(PCR). But have these advances brought about the anticipated rate 
of replacement in the use of animals for virus safety testing? 

We present an overview of NGS and degenerate PCR technolo-
gies and look at the drivers and barriers to adoption based on our 
own experience working with industry and regulators alike. We 
share data trends on adoption rates, case studies and animal num-
bers saved during a period of significant regulatory, scientific and 
3Rs milestones. 

Our data shows that adoption of NAMs is impacted by various 
barriers but increasingly these are being overcome, in particular as 
a result of successful regulatory submissions and updated regula-
tory guidance, as evidenced by the case studies we share. 

Adoption of NAMs for adventitious agent testing has faced sev-
eral hurdles but our data trends, case studies and interaction with 
industry and regulators, demonstrate how the tide is now turning.
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Centro 3R: Mainstreaming 
replacement through 
pervasive 3R education
Arti Ahluwalia1,2 and Valeria Chiono1,3 
1Interuniversity Center for the Promotion of 3Rs Principles in Teaching 
and Research (Centro 3R), Italy; 2Universita’ di Pisa, Italy; 3Politecnico di 
Torino, Italy 

arti.ahluwalia@unipi.it 

The Italian Centro 3R was set up to promote the 3Rs in teaching at 
universities by creating a collaborative network to share resources 
and teaching methodologies. When it was setup, a survey was per-
formed to assess the opinions of researchers and students regard-
ing animal experiments and the alternatives and to better identify 
the knowledge level and needs of students. The survey showed that 
while Italian researchers are aware of the 3Rs, many of them see 
animal tests as a ground truth and refer to replacements as comple-
mentary models. On the other hand, several science students did 
not know about the legislation on the protection of animals in sci-
entific experiments or of the concept of the 3Rs. In response to 
these findings, the Centro 3R’s network of universities has estab-
lished courses and credits focusing on discussions on ethics, one-
health, preclinical models, invertebrate models, organ on a chip, 
in silico models to mainstream replacement through pervasive ed-
ucation of the next generation. Although most of the courses are 
electives, they have tripled in number since 2018 and are heavi-
ly subscribed, attesting to the success of the pervasive education 
strategy.
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Development of a quantitative 
in vitro to in vivo extrapolation 
(QIVIVE) workflow for assessing 
potential developmental toxicity
Harvey Clewell1, Matthew Linakis1, Jerry Campbell1, 
Robinan Gentry1 and Rebecca Clewell2 
1Ramboll US Consulting, Inc., United States; 221st Century Tox Consulting, 
LLC, United States 

hclewell@ramboll.com 

This research effort is focused on the design of a detailed workflow 
for extending current IVIVE approaches to the pregnant female 
and fetus and testing the utility of this methodology for assessing 
developmental toxicity based on in vitro bioactivity in a tiered ap-
proach paradigm. In the first phase of the project, a comprehen-
sive evaluation of the published literature and publicly available 
data bases was performed to identify data and models best suit-
ed to support development of modified IVIVE equations targeted 
to maternal and fetal exposures. In this second phase of the proj-
ect, this information has been used to select chemical case studies 
for developing and evaluating the utility of the proposed approach. 
These case studies have focused on a comparison of NAM-based 
approaches to traditional methodologies (in vivo data, PBPK mod-
els) to identify specific knowledge gaps. For each chemical case 
study, the Armitage et al. (2014) model was used to adjust in vi-
tro assay nominal concentrations to consider in vitro kinetics, fol-
lowed by QIVIVE using in vitro metabolism and PBPK model-
ing using httk and Berkeley Madonna. Several existing develop-
mental PBPK models were evaluated in the case studies to develop 
an optimal structure for a generic model. From these evaluations, 
recommendation for improving the current NAM-based develop-
mental toxicity evaluation approach were identified; most impor-
tantly, the need for mode-of-action-specific approaches based on 
read-across and HTS results.
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How do we get to where we  
must go in principles of animal ethics?
Margaret Landi 
Scientists Center for Animal Welfare, United States 

drmslandi@landibiovmd.net 

For many decades most animal welfare and ethical review groups, 
with different labels throughout the globe, have used both the 3Rs 
(replacement, reduction, refinement) and Harm/Benefit Analy-
sis as the cornerstones for welfare and ethical debates and discus-
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Developing an in silico virtual cornea  
for predictive toxicology
James Glazier1, Joel Vanin1, Catherine Mahony2 and 
Thomas Knudsen3 

1Indiana University, United States; 2Proctor and Gamble, United Kingdom; 
3US EPA, United States 

Jaglazier@gmail.com 

Toxicological outcomes in vivo result from complex interac-
tions among molecular, cellular and tissue-level damage respons-
es which are difficult to recapitulate in vitro or extrapolate from 
data-based Machine Learning or molecular-level computer sim-
ulations. Mechanistic multiscale, multicellular computer simu-
lations, known as Virtual Tissues (VTs), predict systems-level in  
vivo toxicological outcomes from the detailed molecular and cellu-
lar information provided by in vitro assays and have been applied 
successfully by the US EPA in a variety of toxicological contexts 
(e.g., cleft palate and zonal liver damage on exposure to toxicants). 
Due to cornea`s experimental accessibility for in vitro culture, its 
relative structural and functional simplicity and its importance in 
toxicity assays, we have initiated a collaborative effort to devel-
op a Virtual Toxicological Cornea. The simulation, implemented 
in the open-source CompuCell3D modeling framework, simulates 
the main cell types in the corneal epithelium and simplified repre-
sentations of the feedback controlling cell proliferation, differen-
tiation and damage. Subsequent versions will include additional 
intracellular and intercellular molecular signaling pathways, im-
mune cells, tear film transport and vascular remodeling and trans-
port. Our aim is to successfully recapitulate exposure to a variety 
of toxicants at different loci and intensities and predict critical out-
comes including full recovery, loss of structural integrity and the 
development of opacity. Developing and validating a VTCornea 
which correctly predicts structure, function, homeostasis and dam-
age will establish a core set of principles for the development of 
VTs for other organ systems to complement in vitro testing for tox-
icological assessment. 

 
This abstract does not necessarily reflect USEPA policy. 
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This talk will provide an overview of these resources and ex-
plain how they can be used in the classrooms to create both aware-
ness and interest in the three Rs for the young generation. Exam-
ples will be presented and discussed.
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Monitoring Three Rs implementation –  
Open access data  
for indicator building
Pierre Deceuninck, Annalisa Gastaldello and Maurice 
Whelan 
European Commission, Joint Research Centre (JRC), EURL ECVAM, Italy 

pierre.deceuninck@ec.europa.eu 

In recent years, many indicators have been developed to measure 
scientific outputs and innovation using both quantitative and qual-
itative data. However, only a few attempts have been specifically 
made to monitor progress on the implementation of the Three Rs. 

Recently, EURL ECVAM analysed different approaches for the 
assessment of the level of development and uptake of alternative 
methods to animal testing in the European Union through the iden-
tification of achieved advancements, impactful trends and future 
opportunities. 

We propose to discuss three examples of open data usage rel-
evant for assessing trends in both animal and non-animal experi-
mentation in domains such as basic and applied research: 

The EU statistics on animal used for scientific purposes show-
ing detailed information of all uses of animals, including the pur-
pose, the genetic status of the animal, and the actual severity as a 
result of the scientific procedure. 

The EU non-technical project summaries of authorised projects 
providing information on where, why and how animals are still 
being used, going beyond the numbers for a better understanding 
of different scientific use areas and why animals cannot yet be ful-
ly replaced in these areas. 

The open data resources allowing bibliometric analysis through 
the retrieval of information on the number of scientific publica-
tions based on animal or non-animal models, factoring in geo-
graphical location, biomedical research areas and publication 
types. 

We will present some of the indicators we built (trends in ani-
mal uses, projects information, evolution of animal versus non-an-
imal publications), highlighting the information that they bring 
and their limitations.
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sions. The gap between these cornerstones can be bridge by still 
evolving principles of animal ethics. This discussion will present 
the two main challenges for translational research. The first chal-
lenge is tied to the societal benefit to the work, with the second be-
ing what is the welfare cost to the animals. From these challenges, 
principles have been developed, and the proposed principles are 
detailed, “Principles of Animal Research Ethics” by Beauchamp 
and DeGrazia. Practical thoughts and possible application of the 3 
principles tied to societal benefit – no alternative method, expect-
ed net benefit and sufficient value to justify harm – will be present-
ed. Additionally, principles of – no unnecessary harm, meeting the 
basic needed and upper limits to harm – all part of the welfare cost 
of a study, will be discussed. While these principles may not fill all 
the gaps, they do go a way to satisfy many and allow those of vary-
ing backgrounds to engage in evidence-based discussions.
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Three Rs for school-goers – 
From study to virtual reality
Pierre Deceuninck, Marcelle Holloway and Elisabet 
Berggren 
European Commission, Joint Research Centre (JRC), EURL ECVAM, 
Ispra, Italy 

pierre.deceuninck@ec.europa.eu 

Benefitting from funding made available under a European Parlia-
ment Pilot Project (2018-2020), and a European Parliament Prepa-
ratory Action (2021-2023), the European Commission (EURL EC-
VAM at the JRC) has undertaken initiatives aimed at strengthening 
Three Rs education for school-goers. Emphasis has been placed 
on the co-creation, testing and dissemination of Three Rs teaching 
materials to teachers in order to allow them to deliver Three Rs les-
sons in the classroom. 

Included are ten learning scenarios for primary levels and six-
teen for secondary, as well as supporting resources such as refer-
ences lists, slide decks, games and podcasts. It also provides infor-
mation on four examples of three Rs careers recorded in podcasts 
and videos. Last, it is completed with a report that informs key ed-
ucation decision-makers on how to facilitate the incorporation of 
the Three Rs into their syllabus and curricula. 

EURL ECVAM is also developing an open access virtual real-
ity teaching resource to support Three Rs education for students 
aged 14-19. The goal is to provide an experience which educates 
on important technologies used in science that do not require an-
imals. This includes the following featured technologies which 
are used in the EURL ECVAM laboratory: cell culture, cell imag-
ing, microscopy, high throughput screening, in chemico screening,  
Organ-on-Chip, and microelectrode array. 
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A novel in vitro liver culture device 
for continuous bile recovery
Fumiya Tokito1, Yuya Nakazono2, Mathieu Danoy1, 
Hyunjin Choi1, Hiroshi Arakawa2, Ikumi Tamai2, 
Masaki Nishikawa1 and Yasuyuki Sakai1 
1University of Tokyo, Japan; 2Kanazawa University, Japan 

fmtk6628@g.ecc.u-tokyo.ac.jp 

Understanding the excretion pathway of drugs in the liver, espe-
cially biliary clearance, is crucial in drug development. Metabo-
lites excreted via bile are partly involved in enterohepatic circu-
lation which makes it difficult to predict the excretion of metabo-
lites out of the body. In addition, some drugs excreted into bile can 
cause liver cholestasis by influencing the excretion of bile acids 
via the inhibition of transporters. 

In in vitro models, sandwich-cultured hepatocytes have been 
the golden standard for assessing bile (Xingrong Liu et al., 1999). 
However, since bile cannot be evacuated in such a culture system, 
bile has to be recovered from hepatocytes in an invasive manner, 
which causes the collected bile to be diluted excessively within the 
collection buffer, hampering an accurate measurement of biliary 
metabolites. 

In this study, we aim at developing a novel in vitro hepatocyte 
culture system which enables continuous bile recovery by com-
bining microfabrication techniques and coating proteins for bile 
canaliculi formation (Yue Zhang et al., 2020). We fabricated a de-
vice that consists of a polydimethylsiloxane (PDMS) disk with ra-
dial microchannels (width: 3 µm, height: 5 µm) and a PDMS tube 
at its center, serving as a bile collection port connected with the 
microchannels. Furthermore, fluorescein-labeled bile acid excret-
ed by hepatocytes cultured on the device was successfully recov-
ered from the bile collection port. 

This study is expected to revolutionize the method of bile anal-
ysis, which has not been technically improved for more than 20 
years, and to enable accurate evaluation of pharmacokinetics and 
drug-induced cholestasis.
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Novel approach methodologies and 
change management: A need  
for a professional Master program
Ronald Vlasblom1, Rinske Drost1, Marc Teunis1, 
Alyanne de Haan1, Jarno Hoekman2, Simona Negro2, 
Marianne Bol-Schoenmakers3, Marie Corradi1, Merel 
Ritskes-Hoitinga4, Daniela Salvatori5, Raymond 
Pieters1 and Cyrille Krul1 
1HU University of Applied Sciences Utrecht, Utrecht, The Netherlands; 
2Copernicus Institute of Sustainable Development Utrecht University, 
Utrecht, The Netherlands; 3Institute for Risk Assessment Sciences, Utrecht 
University, Utrecht, The Netherlands; 4Utrecht University, Utrecht, 
The Netherlands; 5Veterinary Faculty, Utrecht University, Utrecht, The 
Netherlands 

r.vlasblom@gmail.com 

Rationale: An increasing number of new techniques is available 
to replace existing animal experiments. All these innovations are 
contributing to a tremendous acceleration in 3R-capabilities within 
the animal research community and require adjustments, e.g., from 
regulatory agencies. However, this transition faces difficulties re-
garding translatability, reproducibility and reliability between data 
obtained from animal and non-animal models. This requires a new 
professional who can cope with these challenges on substantive 
scientific, technical and communicative grounds. 

Aim: The HU University of Applied Sciences Utrecht and the 
Utrecht University are developing a practically-oriented master’s 
degree in New Approach Methodologies and Change Manage-
ment. The target group of the programme is the professional in 
the field. Their field of expertise and critical view is fundamental 
to successfully completing the master’s degree. The students ob-
tain their degree through continuous education via, for example, 
challenged based learning on realistic and authentic assignments 
from the field. The program will be interdisciplinary, integrating 
professionals from different fields of biology, bioinformatics and 
social sciences. 

Professional role: The graduated master will function as a con-
necting link between the in vivo scientific community and the 
non-animal testing community. The professional role could be 
practising as a hands-on laboratory technologist or as a change 
manager at a research centre, company, animal facility or govern-
mental authority. Thereby, this new professional can help catalys-
ing the transition to, and the acceptance of, innovative animal(free) 
testing methodologies.
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midable. The resulting pace of change, however, even in light of 
powerful ethical and scientific rationales, has been slow. It seems 
clear that one crucial area for the efforts of organisations seeking to 
expedite this change, in addition to using scientific and ethical cas-
es to convince researchers, industries and the public to support and 
elicit change, is in policy change via public affairs/political work 
underpinned by science. In the UK, we are making strides and 
achieving encouraging results with our work aimed at achieving 
policy changes to drive a shift towards human-focused science. We 
will discuss our multi-pronged actions to raise awareness of this is-
sue among policy makers, in order to alter their mindset and enable 
changes in the law to accelerate a scientific paradigm shift that will 
benefit animals and humans. These include highlighting scientific, 
animal-welfare, human medical and economic benefits, with spe-
cific examples to clearly highlight success stories and to illustrate 
the way forward in other areas of biomedical research and testing. 
We outline specific policy requests that we believe will amplify 
and broaden these successes, and how we believe we can make 
our voice stronger than it has ever been by working with multiple 
and diverse stakeholders. Available evidence shows that political 
efforts are now working in many countries, and that what we are 
doing to achieve change in the UK could be helpful internationally.
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United States Animal Research 
Openness Initiative
Sally Thompson-Iritani1, Nancy Haigwood2, Paula 
Clifford3 and Ken Gordon4 
1University of Washington, United States; 2ONPRC, United States; 3AMP, 
United States; 4NWABR, United States 

sti2@uw.edu 

This presentation will introduce the premise and progress of the 
United States Animal Research Openness (USARO) Initiative. As 
a community we feel that increased openness will foster meaning-
ful public conversations about the critical role of animals in re-
search, teaching and testing. In order to accomplish this goal, the 
Initiative reached out to organizations across the United States that 
rely on the responsible use of animals in research. 

Globally there are at least 9 countries that have formal animal 
research openness agreements. These efforts are resulting in a bet-
ter understanding of when animal models are necessary. The US-
ARO Initiative was first discussed in 2018 and since has grown 
into a formal process with a proposed agreement that consists of 
over 100 individual representatives from organizations across the 
United States. USARO is focused on bringing the biomedical re-
search community together to increase communications by insti-
tutions to the public about how, when and why animal research 
is necessary. Openness communication will involve being clear 
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Status of quantifying adverse 
outcome pathways to support 
next generation risk assessment
Mark Cronin, Samuel Belfield, Steve Enoch,  
James Firman, Judith Madden and Nicoleta Spinu 
Liverpool John Moores University, United Kingdom 

m.t.cronin@ljmu.ac.uk 

Quantification of adverse outcome pathways, the development of 
qAOPs, involves developing or applying models to the relation-
ships between molecular initiating events and/or key events. The 
current status of qAOPs to support Next Generation Risk Assess-
ment (NGRA) has been evaluated. At the current time there are 
relatively few qAOPs that have practical use in NGRA. There is a 
need to develop case studies to illustrate their use and investigate 
the breadth of modelling techniques that may be applied. Within 
the European Union RISK-HUNT3R project, part of the ASPIS 
Cluster, qAOPs are being developed for a number of adverse out-
comes. The development of qAOPs is driven by three distinct fac-
tors, namely the availability of a robust AOP, sourcing relevant da-
ta and the requirement for a model to fit the data including an as-
sessment of uncertainties. Once developed, the qAOPs provide a 
means to use New Approach Methodology (NAM) data to learn 
more about downstream effects in the AOP. Their use for regula-
tory risk assessment Is very much in its infancy, however, it is an-
ticipated that qAOPs will contribute to the weight-of-evidence to 
make a decision. 

This work has received funding from the European Union’s  
Horizon 2020 research and innovation programme under grant  
agreement No 964537 (RISK-HUNT3R), which is part of the  
ASPIS cluster.
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Policy change underpinned by 
science: Accelerating a shift towards 
human-focused research and testing 
by working with policy makers
Jarrod Bailey and Isobel Martin 
Animal Free Research UK, United Kingdom 

jarrod.bailey@mac.com 

The evidence supporting a transition in biomedical science from 
animal-oriented research to humane, advanced human-focused 
methods (including New Approach Methodologies (NAMs) is for-
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Unified ethical principles and 
utilization of the Basel Declaration
Sally Thompson-Iritani1, Chris Petkov2, Renee Hartig3 
and Iana Buch4 
1University of Washington, United States; 2Newcastle University, United 
Kingdom; 3Max Plank Institute, Germany; 4Animal Research Tomorrow, 
Switzerland 

sti2@uw.edu 

The purpose of this presentation is to propose a common frame-
work for international researchers to rely on when they require an-
imal models to support their scientific discoveries. The rationale 
for providing this guidance is to foster global collaborations with 
confidence of a commitment to a foundational set of principles for 
assessment of their work. 

We have previously done an analysis of the 3Rs and proposed a 
unified ethical framework to support international collaborations 
and the standardization of ethical principles regarding the use of 
animal models. This approach combines the common guiding 
principles that are relied on for clarifying when the use of animal 
models is necessary and the thoughtful approach to this consid-
eration. These principles include the 3Rs: Reduction, Refinement 
and Replacement; the 3Ss: Good Science, Good Sense and Good 
Sensibilities; 3Vs: Construct, Internal and External Validity; the  
4 Fs: Fundamental Principles of the necessity of biomedical and 
animal research and minimization of pain and distress, and the 
6 Principles that encompass a harm-benefit and minimization of 
harm premise. 

We suggested a preamble to this would be a more formal use of 
the Basel Declaration which clearly states a commitment to sci-
ence and animal welfare. In this presentation we will cover the 
important role of individual accountability and commitment that 
can be attested to by acknowledging the Basel Declaration. This 
proposal will provide suggestions for future incorporation on how 
the declaration can be integrated into one’s work and assist with an 
open dialog on the use of animals in research.
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about when animal models are used and when non-animal mod-
els are used, as well as the important contribution that each makes 
to the continued understanding of science and the development of 
safe and efficacious therapies. 

USARO consists of several committees to move this effort for-
ward, including those focused on developing the strategic plan, 
writing a one-pager document and other supporting resources, de-
signing and distributing an openness survey, recruiting exemplars 
and ambassadors, and assuring effective communications. We will 
share the progress and the information that is being made public-
ly available.
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Compassion resilience for working  
with research animals
Sally Thompson Iritani, Rita Bellanca, Holly Nguyen 
and Preston Van Hooser 
University of Washington, United States 

sti2@uw.edu 

This presentation is focused on providing an overview of a Com-
passion Resiliency program at a large institution. Personnel that 
interact with research animals can form strong bonds with the ani-
mals and it is essential that organizations provide resources to help 
individuals process what they are feeling and prepare for any po-
tential challenges. 

Compassion resiliency is about having the resources to deal 
with feelings that can easily overwhelm an individual. Profession-
al quality of life is a measurement of the quality of “work life” and 
consists of both the positive feelings about our work, compassion 
satisfaction, and the negative feelings, compassion fatigue, which 
can include burnout and secondary traumatic stress. In order to 
build resilience, it is important for an individual to have the re-
sources to help them identify how to best support themselves and 
others. It is essential that a resiliency program includes resources 
at both the individual and organizational level. 

The University of Washington has had an active Dare 2 Care 
(D2C) Program since 2016 that is focused on compassion in sci-
ence. This program is designed to provide individuals with tools to 
proactively prepare for potential adverse feelings and to provide 
support when something happens that they weren’t expecting. The 
program has evolved over time, and we would like to share what 
we have learned and how we have been able to adapt to the chang-
ing needs of our community. This will be an interactive session 
with options to choose what scenarios the audience would like to 
discuss.
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Developing and embedding 
education programmes for  
the transition towards non-animal 
methods at Utrecht University
Daniela Salvatori1 and Transition to Animal-free 
Innovation Utrecht (TPI Utrecht) Working Group2 
1Veterinary Faculty, TPI Utrecht, Utrecht University, Utrecht, The 
Netherlands; 2TPI Utrecht, Utrecht, The Netherlands 

d.salvatori@uu.nl 

The Dutch government has established a Transition Programme 
for Innovation without the use of animals (TPI). Utrecht Uni-
versity, the University Medical Centre Utrecht and the Universi-
ty of Applied Sciences Utrecht have joined forces in TPI Utrecht 
to effectively support and further boost the transition. TPI Utrecht 
strives for excellence in science and education. One of the core el-
ements of our TPI strategy is to create educational programmes 
for students, professionals and general public. Students are key 
stakeholders and “effective change agents”, but their perspec-
tive remains underrepresented. Our studies explored students’ 
viewpoints focusing on their beliefs, values, and the motivations 
of students to join TPI-inspired courses. We show that students 
share the ethical and scientific values that inspire the transition, 
and that their reflections on the socio-political landscape provide 
valuable insights on current and future challenges. TPI Utrecht is 
working towards development and embedding of animal-free in-
novations in biomedical and veterinary studies while maintaining 
a high quality of education. Education programmes within the life 
science domain offer structured animal-based courses at the under 
and postgraduate levels, while such courses are more limited for 
non-animal methods. TPI Utrecht is developing extensive educa-
tion programmes that serves as a basis for our educational ambi-
tions. This includes education with professionals and students and 
on-demand for specific groups of professionals from industry and 
academia. TPI Utrecht is experimenting with new ways of inter-
disciplinary and active learning such as challenge-based learning 
courses aimed at developing critical skills in this subject.
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Ambition statement on 
innovation in higher education 
using fewer laboratory 
animals in the Netherlands
Daniela Salvatori1 and Ambition statement innovation 
in higher education using fewer laboratory animals2 
1Faculty of Veterinary Medicine, Utrecht University, Utrecht, The 
Netherlands; 2UNL & NFU, The Netherlands 

d.salvatori@uu.nl 

Initiated by the Dutch Government in 2018, the Ministry of Agri-
culture, Nature and Food Quality has been managing an alliance 
aimed at accelerating the transition to animal-free innovation. In 
2019, the Dutch Universities and Medical Centra joined and wrote 
an ambition statement aimed at using fewer laboratory animals in 
Dutch higher education. 

Annually, a total of approximately 9,000 animal experiments 
are performed in bachelor, master and postgraduate education in 
The Netherlands. The working-group formulated the following 
recommendations: 
− In the Bio-Medical Studies Bachelor’s and Master’s pro-

grammes, if the same learning goals can be achieved using an-
imal-free methods, it is mandatory to implement animal-free 
methods. 

− In bio-veterinary programmes, a step-by-step approach based 
on animal-free methods before approaching the live animal 
must be implemented and supported by animal-free skills labs 
(models and simulators) and earlier clinical teaching on real pa-
tients. 

− Most animals are used in the Laboratory Animal Science (LAS) 
courses for practical training of those who actually perform an-
imal experimentation themselves. It is time to modernize the 
LAS courses by expanding the theoretical part and including an-
imal-free innovations proposing a new format that does not use 
live laboratory animals at all. 

It appears that where traditional animal use persists, this is most 
often due to uncertainty about the educational efficacy of humane 
alternatives and a lack of awareness of existing resources. The out-
come of animal-free teaching models should focus on learning 
goals and benefits and should no longer be measured against the 
animal-based method as the traditional gold standard.
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Beyond serum-free cell culture media 
design: A systematic approach 
towards long-term animal-origin-
free cultivation of RTgill-W1
Barbara Jozef1, Zhao Rui Zhang1, Arianna Gessa 
Garcia1, Hans-Michael Kaltenbach2, Melanie Fisher1 
and Kristin Schirmer1 
1Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 2ETH Zürich, Department of Biosystems Science 
and Engineering, Basel, Switzerland 

barbara.jozef@eawag.ch 

Based on its pioneering role in standardized toxicity testing with 
fish cells (ISO standard 21115 and OECD TG249), the RTgill-W1 
cell line has been chosen as a “proof-of-concept” model for devel-
oping a successful strategy for fetal bovine serum (FBS) replace-
ment. Even though the standardized tests using the RTgill-W1 cell 
line are devoid of serum, serum remains an important component 
for routine fish cell growth. 

A high-throughput 96-well plate RTgill-W1 cell proliferation 
assay was established to enable systematic screening of media 
components, individually and in mixture. The design of the exper-
iment corroborated the selection of the final culture media combi-
nations that yielded the best metabolic activity, cell number, and 
cell morphology of RTgill-W1 cells. Finally, the most promising 
mixture was tested for long-term cell proliferation by applying 
two adaptation strategies in parallel: direct (“sink-or-swim” cells) 
or sequential adaptation by gradual dilution of FBS with the se-
rum-free medium (“weaned” cells). The RTgill-W1 cell line was 
successfully adapted to serum-free media using both procedures. 
Yet, complete adaptation occurred more quickly in “weaned” cells 
than in “sink-or-swim” cells: the former achieved the benchmark 
passages of 3 and 10 more quickly than the latter. RTgill-W1 se-
rum-free cells have been passaged more than 30 times, during 
which cryopreservation, cell doubling time and functionality as-
sessment in OECD TG249 has been successfully tested. 

This is the first report of a serum-free medium for long-term 
culture of a fish cell line. We now use this as a base to further prog-
ress toward an entire animal-origin-free fish cell culture medium.
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Lab on a laptop:  
Beyond the experimental model
Ermes Botte1,2,3, Piera Mancini1,2, Flavio Fontanta1,2, 
Chiara Magliaro1,2,3 and Arti Ahluwalia1,2,3 

1Universita’ di Pisa, Italy; 2Centro di Ricerca E. Piaggio, Italy; 
3Interuniversity Center for the Promotion of 3Rs Principles in Teaching and 
Research (Centro 3R), Italy 

arti.ahluwalia@unipi.it 

Although tissue and organs obey physical laws, they are character-
ized by intrinsic complexity and variability that are very difficult 
to model experimentally. More importantly, uncoupling aspects re-
lated to differences in protocols and experimental conditions from 
those arising from variability intrinsic to nature is well-nigh im-
possible. In-silico models can provide crucial support to in-vitro 
experiments as they allow the high-throughput and comparatively 
low-cost generation and study of virtual tissue constructs; for in-
stance, variables and conditions can be easily tuned and parame-
trized. We have developed three dimensional models of spher-
oid and organoid morphology which account for thermodynamic, 
evolutionary, and scaling laws and include environmental fluctu-
ations (different media conditions) as well as intrinsic variabili-
ty arising from thermal noise and measured variations in cell and 
construct size. The models are based on the integration of genet-
ic algorithms, statistical mechanics, allometric scaling and finite 
element simulations of individual and collective cellular resource 
(mainly oxygen) consumption. We show that biological variability 
impacts the allometric scaling behaviour of the cellular constructs 
and that their morphology and size is sensitive to changes in nutri-
ent supply, which is dependent on media height (for oxygen) and 
volume (for glucose and other soluble molecules). The predictivi-
ty of models based on a limited number of physical and metabolic 
laws suggests that the progressive improvement of integrated com-
putational models could, in the future, augment or even substitute 
in vitro models providing a more sustainable, high-fidelity way of 
conducting experiments, particularly if our computers and laptops 
are powered by renewable energy sources.
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fore associated with suffering in the test animals, and there is great 
scope to apply the 3Rs in this area of testing. This presentation 
will describe previous data-driven collaborative efforts that pro-
vide scientific evidence to support a) the refinement of mammali-
an acute toxicity tests for (agro)chemical testing (via oral and in-
halation routes) through the assessment of evident toxicity, and  
b) the removal of the requirement for acute toxicity testing of phar-
maceuticals. It will also highlight areas where there is potential to 
further move away from traditional regulatory acute toxicity tests 
towards more predictive methods, for example through the appli-
cation of computational approaches. Ultimately, global harmoni-
sation in the acceptance of new approaches will be required before 
the maximum 3Rs impact can be achieved and the requirement for 
acute toxicity tests be eliminated altogether.
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Application of in vitro transcriptomics 
point of departure and IVIVE in early 
agrochemical discovery programs
Enrica Bianchi 
Corteva Agriscience, United States 

enrica.bianchi@corteva.com 

Recent efforts identifying alternatives to animal testing have fo-
cused on predictive and precision testing, with ample develop-
ment of high-throughput screening, new technologies, and alter-
natives to animal testing. In particular, transcriptome-based in 
vitro approaches could provide a powerful tool for regulatory de-
cision-making among with physiologically based kinetic (PBK) 
modelling that represents a well-established and accepted meth-
odology for improving quantitative in vitro-to-in vivo extrapola-
tion (IVIVE). Furthermore, while high-throughput in vitro toxicity 
screening provides an efficient way to identify potential biological 
targets, reliance on the nominal chemical concentrations in these 
in vitro assays as an indicator of bioactivity may misrepresent po-
tential in vivo effects due to differences in clearance, protein bind-
ing, bioavailability, and other pharmacokinetic factors. PBK mod-
eling provides an effective framework for conducting quantitative 
IVIVE to solve this dilemma. Given that previous findings sug-
gested apical and transcriptomic endpoints show similar points of 
departure (POD) in vivo, we tested the hypothesis that an in vivo 
transcriptional POD could be accurately predicted from an in vitro 
POD using PBK modeling. Transcriptional profiles from rat liver 
samples and rat primary hepatocytes exposed to different chemi-
cals from the TG-GATEs database were used to generate transcrip-
tome PODs followed by PBK based IVIVE to estimate rat-rele-
vant exposure. Our findings suggest a stronger correlation between 
in vitro and in vivo transcriptional PODs using measured plasma 

440

The national 3R centers and their  
impact on animal welfare and  
quality in science part 2 – Closing 
the gap of refinement
Roberto Plasenzotti1,2 and Birgit Reininger-Gutmann2,3 

1SAN Group, Austria; 2Austrian 3R Center, Austria; 3Medical University 
Graz, Austria 

plasenzottiroberto@gmail.com 

Unlike in regulatory areas, in preclinical human and veterinary re-
search the impetus for the transition to animal free research must 
come from inside the system, from the researchers’ perspective. 

The path to animal-free research can therefore only be taken by 
informing researchers and all the employees involved in animal 
experiments about new tools to strengthen the Refinement of ani-
mal experiments with the goal of a definitive Replacement. On the 
one hand, this can only work by providing transparent information 
about the translational problems of individual animal experiments 
and, on the other hand, by providing tools to Refine individual ex-
periments or jointly develop new animal-free methods. 

The Austrian 3R Society has therefore developed tools to pro-
vide researchers and all those involved in animal research with 
objective data to help Reduce, Refine and Replace animal exper-
iments. 

The goal of the project is defined in providing solid data and in-
formation. 

By improving the old 3Rs from Russel and Burch and by addi-
tion of several new Rs we show an easier, new approach to ulti-
mately reduce the number of animals in animal experiments and 
improve the quality of life of the Laboratory animals.
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Refining and removing  
global mammalian acute toxicity  
testing requirements
Fiona Sewell 
National Centre for the Replacement, Refinement and Reduction of Animals 
in Research (NC3Rs), United Kingdom 

fiona.sewell@nc3rs.org.uk 

Acute toxicity tests are currently conducted as part of global reg-
ulatory risk assessment and hazard classification packages for in-
dustrial chemicals and agrochemicals. Historically, the aim of 
acute toxicity tests has been to determine the dose or concentra-
tion which is lethal to 50% of the animals treated. They are there-
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plementation of 3R technologies. Hence, the BATI is a suitable in-
strument for monitoring the effectiveness of policies and is ready 
to be used for future benchmarking at a larger scale.
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Secondary pharmacology: 
Strategies, deployment, and impact 
on the safety of new medicines
Jean-Pierre Valentin1, Steve Jenkinson2, Lyn 
Rosenbrier-Ribeiro3, Friedemann Schmidt4, Vicencia 
Toledo Sales5, Yoav Timsit6, Mohan Rao7, Annie 
Delaunois1 and Richard Brennan8 
1UCB Biopharma, Belgium; 2Pfizer, United States; 3Grunenthal, Germany; 
4Sanofi, Germany; 5Takeda, United States; 6blue print medicines, United 
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jean-pierre.valentin@ucb.com 

Adverse events (AEs) often occur as a result of off-target or sec-
ondary pharmacology (2P) activities. Consequently, in vitro profil-
ing of new chemical entities (NCEs) across a range of protein tar-
gets (e.g., GPCRs, ion channels, transporters, enzymes including 
kinases) with known association to AEs is used in pharmaceutical 
R&D. As part of the IQ DruSafe consortium, a 2P working group 
was established, comprising representatives from 18 mid to large 
size pharmaceutical companies, to conduct a review of 2P strate-
gies and share experiences, and to propose recommendations for 
best practices and future application for the industry. A detailed da-
tabase capturing an overview of the strategic, scientific, and op-
erational aspects of 2P screening was created. Despite a diversi-
ty of screening strategies and target panels among the companies 
surveyed, there has been broad adoption of screening against cer-
tain targets. An additional set of bespoke or uncommon targets 
was identified that should be considered from a safety perspective. 
Moreover, extending the diversity of target classes screened to in-
clude a set of safety-related kinases, as well as potentially enzyme 
and epigenetic classes should be considered. Across-the-board 
adoption of 2P screening has coincided with more selective NCEs 
reaching the market in the last decade, and a decreased incidence 
of AEs for newly marketed drugs, demonstrating a positive impact 
of 2P on drug safety. Such an approach improves effectiveness and 
efficiency by identifying high quality drug candidates with high-
er likelihood of success, ultimately contributing to reduced animal 
experimentation.
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protein binding and hepatic clearance data when data were gener-
ated using appropriate in vivo dose selections. These findings sug-
gest that PBK modeling improves the prediction of in vivo PODs 
from cellular-based transcriptome data.
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for a world beyond animal  
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Prins5,6 
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The transition to animal free innovation is high on the political 
agenda inside and outside the European Union. While the original 
definition of “Replacement” focuses on the replacement or avoid-
ance of the use of animals in science, the contemporary definition 
includes accelerating the development and use of predictive and 
robust models based on the latest science and technologies, to ad-
dress scientific questions without animals. The Beyond Animal 
Testing Index (BATI) is, to our knowledge, the only benchmarking 
instrument designed to provide insight into the activities and con-
tribution to the transition to animal free innovation by research in-
stitutes. The BATI allows participating organisations to learn from 
each other and stimulates continuous improvement. 

The BATI was modelled after the Access to Medicine Index, 
which benchmarks pharmaceutical companies on their efforts to 
make medicines available in developing countries. A prototype 
of the BATI was tested with five academic organisations. The 
test demonstrated the usability and effectiveness of the BATI as a 
benchmarking tool. Analyses were performed across five different 
domains and organisations were assessed for their commitment, 
transparency and performance based on existing reports and inter-
views. The participating institutes concluded that the BATI served 
as an internal and external stimulus to share, learn and improve 
institutional strategies towards the transition to animal free inno-
vation. The BATI also identified gaps in the development and im-
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derstanding the virology of SARS-CoV-2, the causative agent of 
COVID-19, the translation of this knowledge into effective clini-
cal interventions has been challenging. 

The poor translation of in vitro virology research into clinical 
practice can also be attributed to the limitations of animal models. 
While animal models can provide valuable insights into the patho-
physiology of viral infections and the efficacy of potential treat-
ments, they may not fully reflect the complexity and heterogeneity 
of the human disease. For instance, animal models of COVID-19 
have been criticized for not fully replicating the range of symp-
toms and disease severity seen in humans. This can lead to a lack 
of generalizability of research findings and limit the effectiveness 
of interventions in human populations. 

Here we present an interdisciplinary implementation that iden-
tifies, examines, and validates human mechanisms of SARS-
CoV-2 infection, resulting in improved translation of in vitro vi-
rology research into clinical practice. In a double-blinded clinical 
study conducted on 38 severe-hospitalized COVID-19 patients, 
we are able to show improvement in viral load, inflammation, and 
immune markers, as well as hospitalization duration and with-
drawal from supplementary oxygen. This framework can serve 
as a roadmap for developing effective and equitable interventions 
that can improve the health and well-being of patients affected by 
COVID-19 and other infectious diseases.
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Bioengineered microphysiological models that can recapitulate 
the tissue structure, cellular organization, and mechanical dila-
tion of the human lung are becoming increasingly important for 
advancing our understanding of pulmonary pathophysiology and 
improving the translation of preclinical drug testing. Airflow and 
mechanical actuation are the most unique features of alveoli and 
have profound effects on tissue maturation and disease progres-
sion. Significant advances have been made in applying mechani-
cal stretching to microphysiological models, but existing systems 
have very limited experimental throughputs and are not compatible 
with large-scale drug screening. We developed a high-throughput 
bioengineered breathing alveoli model in a customized 384-well-
plate where a large array of tissues can be simultaneously cultured 
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Nonanimal research in the news: 
Capturing attention, making waves
Reina Pohl 
Physicians Committee for Responsible Medicine, United States 

RPohl@PCRM.org 

Working with the news media and social media is an essential part 
of a complete approach to bringing the 3Rs to the public. These 
communications strategies can elevate awareness of the advantag-
es of nonanimal methods, the needs for regulatory acceptance, and 
the importance of next-gen education. Public awareness (which 
can lead to public support) is a major factor that can accelerate 
changes in scientific practice and policy. This presentation will dis-
cuss a variety of approaches for researchers, advocates, and com-
munications teams to use the media to amplify their impact for pa-
tients and animals. Working with the news media requires an un-
derstanding of journalists’ and news outlets’ needs, limitations, 
and strengths; an understanding of the public’s appetite for differ-
ent topics and stories; the ability to discern how to convey evi-
dence from research effectively and appropriately; and the ability 
to provide the broader context and significance of research find-
ings. Publishing to blogs and social media directly can allow for a 
more detailed and visual expression of research findings and impli-
cations and can be tailored for a more niche audience. Overcom-
ing the platform-specific restraints of social media (i.e., character 
limits on Twitter or video dimensions on TikTok) requires innova-
tion that can sometimes cultivate more creative expression. Using 
these means to communicate the advantages and successes of non-
animal research to the public and stakeholders can have a big im-
pact, and giving communications strategies adequate forethought 
can increase chances of moving the needle toward a more ethical 
and effective research enterprise.
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Putting patients first:  
A human-centered approach 
to translating in vitro virology 
research into clinical practice
Avner Ehrlich 
Grass Center for Bioengineering, Benin School of Computer Science and 
Engineering, Jerusalem, Israel 

avner.ehrlich@mail.huji.ac.il 

The COVID-19 pandemic has highlighted the critical need for 
effective and efficient translation of in vitro research into clini-
cal practice. Although there has been remarkable progress in un-
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naling pathways modulatable in the assays were experimentally 
determined by their inhibition and/or activation. The outcomes 
were discussed in relation to the known implications of these path-
ways in human neurodevelopmental diseases and critically com-
pared with findings in rodents. 

In conclusion, the presented results will ultimately lead to sup-
port the regulatory acceptance of the DNT in vitro NAMs by in-
creasing the understanding of their biological applicability do-
main. Furthermore, the mapped results in the physiological map 
will be an integral part of a new innovative strategy composed of 
an AI-driven and ontology-based combination of in vitro and in 
silico NAMs able to predict the effects of chemicals on the devel-
oping brain, developed in the framework of the ONTOX project.
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Refinement in fracture management 
of the hindlimb post tibial  
fracture: Establishment of a walking  
cast for sheep (SWC)
Lisa Ernst, Leonie Tix, Anna-Luise Ehrlich, Ivonne 
Jeanette Knorr, Wenjia Liu and Rene H. Tolba 
Institute for Laboratory Animal Science and Experimental Surgery, Faculty 
of Medicine, RWTH Aachen University, Aachen, Germany 

lernst@ukaachen.de 

Casting after fracture treatment of the limbs is standard treatment 
in both human and veterinary medicine. Despite sheep are one of 
the most relevant species in the testing of new materials for os-
teosynthesis using tibia defect or fracture models, to date, there is 
no system for cast stabilization ensuring anatomically correct po-
sition and function of the hindlimb during healing process. The ac-
tual gold old standard is the usage of sling suspension for the an-
imals for 4-6 weeks after surgery. During this period, the animals 
can barely move around via a ceiling attachment but cannot show 
any species-typical behavior (lying down, standing up) and group 
housing is also unfeasible. 

In our study, a walking cast for sheep (SWC) was developed, 
which enables the animals to move in a species-typical manner 
directly after surgery. 9 Rhone-race sheep (female 65 kg ± 8 kg 
BW) were observed for 4 weeks after osteosynthesis post tibia de-
fect (mechanical defect drilling) and cast attachment. All animals 
began weight bearing on the operated leg from the first postopera-
tive day during the walking process with a lameness-scale 1 (scale 
1-4) during the first postoperative week. The determined individu-
al single step length was very uniform with 76.9 ± 0.89 cm. Group 
housing was performed from the third day after surgery on. Week-
ly radiographic control and cast change ensured the correct fitting 

and mechanically actuated. We 3D-printed a sacrificial bioink to 
pattern an alveoli-like structure inside a lung fibroblast-embedded 
fibrin gel. The bioink was then removed, leaving behind an alve-
olar cavity that could be populated with primary alveolar epitheli-
al cells. To emulate breathing, we connected the platform with an 
external ventilation system that can introduce oscillating air pres-
sure to the entire plate and mechanically actuate up to 64 tissues si-
multaneously. Using this platform, we aimed to study the effects of 
mechanical actuation on alveolar cell maturation, gene expression, 
and cytokine secretion. Furthermore, we sought to understand 
the effects of breathing-induced mechanical forces on TGF-β1-
induced fibroblast activation which leads to pulmonary fibrosis. 
In summary, this breathing alveoli model will reveal the impor-
tance of mechanical actuation in pulmonary disease progression 
and provide a more predictive preclinical model that is compatible 
with high-throughput drug screening and development.
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Mapping of DNT NAMs’ signaling  
pathways in human 
physiology and disease
Eliska Kuchovska1, Kristina Bartmann1, Luiz 
Carlos Maia Ladeira2, Arif Dönmez1, Lynn-Christin 
Saborowski1, Farina Bendt1, Mats Schade1, Georgea 
Raad1, Raphaëlle Lesage3, Alessio Gamba2, Bernard 
Staumont2, Liesbet Geris2,3,4 and Ellen Fritsche1,5 
1IUF – Leibniz Research Institute for Environmental Medicine, Germany; 
2GIGA In Silico Medicine, University of Liège, Belgium; 3Skeletal Biology 
and Engineering Research Center, KU Leuven, Belgium; 4Biomechanics 
Section, KU Leuven, Belgium; 5Medical Faculty, Heinrich-Heine 
University, Germany 

Eliska.Kuchovska@IUF-Duesseldorf.de 

The current regulatory DNT guidelines are not fit-for-purpose for 
the hazard assessment of the immense chemical universe. They re-
quire using in vivo tests that are burdened with ethical, practical 
(time & cost), and scientific (limited predictivity for human health) 
issues. Thus, more reliable and efficient human-based NAMs are 
needed. Their extensive characterization including data reliability 
and human relevance is crucial to reduce their uncertainty and in-
crease regulatory confidence. 

Thus, our goal was to elucidate the biological applicability do-
main of the DNT in vitro NAMs, used in the ONTOX project, by 
investigating 19 signaling pathways known in human physiology 
and disease. A second goal was to create a physiological map of-
fering an overview of human brain development with integrated 
experimental results of the detected signaling pathways. The sig-
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Quantitative in vitro-in vivo 
extrapolation (QIVIVE)  
in chemical risk assessment
Stephan Schaller1, Christian Maass1, Huan Yang1, 
Styliani Fragki1, René Geci1,2 and Alicia Paini1 
1esqLABS GmbH, Germany; 2University Hospital RWTH, Aachen, 
Germany 

stephan.schaller@esqlabs.com 

In recent years, there has been a growing trend toward applying 
in vitro methodologies in chemical safety assessment. Howev-
er, to assess the potential risks these chemicals may pose to hu-
man health, it is crucial to interpret these findings in the context 
of whole living organisms. Quantitative in vitro to in vivo extrapo-
lation (QIVIVE) is a vital tool in achieving this goal. QIVIVE re-
fers to the translation of in vitro (i.e., in the test tube or cell culture) 
concentration-response relationships to in vivo (i.e., in living or-
ganisms) dose-response relationships in humans and animals. 

Several QIVIVE approaches have been developed and are val-
id for screening and prioritizing chemicals and determining equiv-
alent effect doses. Physiologically based kinetic (PBK) models, 
which simulate the fate of substances in body tissues, are essential 
for extrapolating in vitro effect concentrations to in vivo bioequiv-
alent exposures. In the future, it will be necessary to democratize 
and standardize PBK modeling approaches to ensure consistency 
and acceptance from regulatory agencies. This presentation will 
introduce concepts of the QIVIVE approach and recent experience 
on how QIVIVE can be applied in chemical risk assessment by 
illustrating current research efforts from private and internation-
al projects. The presentation will also discuss recommendations 
from the 2021 QIVIVE ECETOC expert workshop and the OECD 
DNT IVB QIVIVE addendum to increase the potential for timely 
acceptance of a more progressive and tailored QIVIVE approach 
from the regulatory community.

Presentation: Oral

of the cast and healing process. This study shows the implementa-
tion and the exemplary usability of the walking cast in sheep as re-
finement up to a weight category of 70 kg bodyweight.
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Towards regulatory acceptance 
of qAOP-based NGRA through 
integration with a qualified 
open-source PBK framework
Stephan Schaller, Huan Yang, Alicia Paini and Pavel 
Balazki 
esqLABS GmbH, Germany

stephan.schaller@esqlabs.com 

The integration of PBK models with complex mechanism-based 
quantitative adverse outcome pathway (qAOP) systems-biolo-
gy models leads to an increase in model complexity and number 
of use-scenarios, which regulatory bodies demand to be qualified. 
This becomes challenging when changes in the software platform 
occur, requiring new features for efficient model maintenance and 
continuous (re-)qualification. The Open Systems Pharmacology 
Suite (OSPS; www.open-systems-pharmacology.org) is a robust, 
reliable, and user-friendly open-source software for life-sciences 
applications. Designed with a modular concept and optimized for 
PBK modeling of small and large molecules in different species 
and populations and for integrating cellular-level systems-biology, 
it offers efficient, flexible, and transparent multi-scale systems tox-
icology modeling and simulation. 

In OnTOX, recent software developments for the OSPS that ad-
dress these challenges in PBK and complex systems modeling will 
be adopted. These include 
1) an automated qualification framework to ensure continuous 

platform and model qualification 
2) a model exchange/plug-and-play interface for robust manage-

ment, modification, and extension using existing standards 
such as SBML. 

In OnTOX, data from various biological levels will be integrated, 
improving efficiency in data analysis across biological scales and 
model applications which will be outlined on the specific use-cases. 

The integrated modular modeling concept will allow continuous 
implementation, qualification, and deployment of complex sys-
tems models and use-scenarios, leading to increased adoption of 
computational models for NGRA and NAMs compliant with (fu-
ture) regulatory requirements.
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Using immortalised blood cells  
to study the long-term effects  
of common respiratory viruses
Claire Allan, Daniel Missailidis, Oana Sanislav, Paul 
Fisher and Sarah Annesley 
La Trobe University, Melbourne, Australia 

claire.allan@latrobe.edu.au 

Chronic respiratory illnesses affect more than 500 million people 
worldwide and are a leading cause of death. They are common-
ly caused by viral infections such as influenza, enteroviruses and 
coronaviruses including SARS-CoV-2. Infections cause damage 
to lung epithelia and can lead to complications such as pneumo-
nia and acute respiratory distress syndrome. Additionally, many 
viral infections cause longer-term effects including the post-viral 
fatigue illnesses Myalgic Encephalomyelitis/Chronic Fatigue Syn-
drome and Long COVID. Both multisystem disorders have over-
lapping symptoms including debilitating fatigue, exertion intol-
erance, post-exertional malaise and neurological dysfunctions to 
name a few. There are no diagnostic tests, limited treatment op-
tions, and patients are often told it is psychological. With millions 
affected worldwide the social and economic burden is substantial, 
therefore we urgently need insight into the disease pathophysiolo-
gy to develop diagnostic and treatment strategies. Here, we study 
the molecular mechanisms underlying these illnesses and aim to 
identify potential therapeutic targets and biomarkers. We use the 
most accessible tissue, blood, isolated from afflicted individuals 
and healthy controls. Blood cells however are not metabolically 
active nor proliferative so defects in metabolism are difficult to de-
tect. To overcome this, we immortalise the blood cells to create 
lymphoblasts. Lymphoblasts have been used extensively to study 
many disorders. Here, we have used them to perform functional 
assays and employed various ’omic strategies to uncover defects in 
the way these patient cells make energy, and identified key differ-
ences in the expression of genes which can accurately distinguish 
disease from control and could be developed into diagnostic tests.
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Creating community and opportunity 
for early-career researchers
Kathrin Herrmann1,2 and Janine McCarthy3 
1Johns Hopkins Bloomberg School of Public Health, Center for Alternatives 
to Animal Testing (CAAT), United States; 2Senate Department for the 
Environment, Urban Mobility, Consumer Protection and Climate Action, 
Berlin, Germany; 3Physicians Committee for Responsible Medicine, United 
States 

kherrma1@jhu.edu 

Students and early-career researchers (ECRs) who aspire to work 
with animal-free, human-relevant New Approach Methodologies 
(NAMs) generally face additional career challenges compared to 
those who are working within the current animal-use paradigm. 
Fortunately, several organizations have recognized the importance 
of supporting ECRs to use NAMs from the start of their careers. 
Through immersive programs, workshops, funding, and research 
opportunities these organizations are committed to train the next 
generation of scientists to work with animal-free, human-relevant 
NAMs and, thus, to help accelerate advancements in biomedical 
and translational research. This presentation will highlight inter-
national opportunities for ECRs including programs offered by the 
Johns Hopkins Center for Alternatives to Animal Testing (CAAT), 
the Animal Protection Commissioner of Berlin, the Physicians 
Committee’s Early-Career Researchers Advancing 21st-Centu-
ry Science (ERA21), Animal Free Research UK, and more. These 
programs, among others, are working to speed up progress in eth-
ical and effective scientific research by creating a new generation 
of scientists who utilizes and champions nonanimal research meth-
ods. Furthermore, these programs foster networking opportuni-
ties to help ECRs strengthen their connections, build confidence, 
and gain fresh perspectives. If we are to meet the challenges and 
opportunities of the next generation of biomedical investigators, 
the vision, creativity, commitment, and hard work of the research 
community must now be focused on restructuring our approach to 
training.
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experiments more reliable, robust and reproducible. Claims of low 
predictive value of animal experiments based on their results not 
translating into the expected effects in clinical trials may well have 
missed that such experiments would not have been reproducible 
in animals under similar circumstances, let alone in another spe-
cies (human patients). The problems noted also occur in “in vitro” 
studies, and low reproducibility will eventually undermine trust in 
the value of both non-animal and animal studies to inform on hu-
man outcomes. No amount of technological development can pre-
vent the most common issues affecting the reliability of research, 
as these have an impact at a fundamental level. Also, as irreproduc-
ible research is prevalent in highly developed countries, and pub-
lished every day in the most prestigious journals, this is not simply 
a matter of needing more money. New researchers need to under-
stand the key measures for improving research, namely random-
ization, blinding, identifying the correct experimental unit, con-
trolling for common biases, and using adequate sample sizes. Ed-
ucating them on these issues should help address the inadmissible 
ethical cost of the waste of animals in low-quality, unreproducible 
preclinical studies, as well as the risk of distrust of “in vitro” test-
ing because it is poorly conducted.
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Replacing animal use in  
the acute toxicity “six-pack” for 
industrial chemicals  
and pesticides – US perspective
Lindsay O’Dell and Anna Lowit 
U.S. EPA, United States 

odell.lindsay@epa.gov 

The U.S. Environmental Protection Agency’s Office of Chemical 
Safety and Pollution Prevention (OCSPP) is prioritizing efforts to 
reduce and replace vertebrate animal testing with established alter-
native methods that increase rigor in the agency’s assessments and 
remain fully protective of human health and the environment. To 
provide transparency around the agency’s efforts to replace in vivo  
tests, metrics are annually reported online; this presentation will 
provide the most recent data on these metrics. OCSPP is collab-
orating with federal partners and stakeholders to implement new 
approach methods (NAMs) shown to be more human relevant, sci-
entifically valid, and reproducible than the traditional methods pre-
scribed in the acute “six-pack”. This presentation will highlight the 
implementation of several science policy and guidance documents. 
A recent analysis of the Global Harmonized System for Classifica-
tion and Labeling (GHS) Mixtures Equation’s utility for predicting 
acute oral toxicity hazard categories of pesticide formulations indi-
cated an overall concordance of 55% for EPA classification when 
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Beyond harm-benefit – 
Demanding a life worth living 
for laboratory animals
Nuno Henrique Franco 
i3S, Universidade do Porto, Porto, Portugal 

nfranco@ibmc.up.pt 

The order by which the 3Rs were originally proposed clearly re-
flects a value hierarchy: firstly, replace, then reduce, only then re-
fine, when all Replacement and Reduction options are exhausted. 
Such view stems from the notion that animal research is inescap-
ably harmful. It is nevertheless seen by most as ethically accept-
able if no alternatives are available, animals are “respected”, and 
harms to them can be outweighed by progress in human/animal 
health and safety. However, such benefits might be hard to pre-
dict or quantify. Moreover, laboratory animals neither partake in 
research voluntarily, nor is it usually carried out to their benefit. 
It is therefore worth pondering under what circumstances benefits 
to the animals being used themselves could offset the harms they 
endure. Indeed, accepting animal research only if the animals in-
volved are allowed a good life, or at least a life worth living, would 
ease the pressing dilemma it brings forth, particularly when no di-
rect benefits can be ascertained. But can we provide laboratory an-
imals good lives? Considering they are kept under controlled envi-
ronmental conditions, free from natural predators or scarcity, and 
euthanized by humane methods, one could argue they are compar-
atively better off than many of their wild counterparts, living short 
lives under harsh conditions, and dying painful or violent deaths. 
And although ascertaining what a life worth having is remains 
philosophically challenging, I will make the case that it is more 
easily achieved if severe suffering is prevented, and refinement of 
husbandry, handling, procedures, and euthanasia are given top pri-
ority.
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What can possibly go wrong?
Nuno Henrique Franco1,2 

1i3S, Universidade do Porto, Porto, Portugal; 2FELASA Working Group on 
Experimental design in education and training, Portugal 

nfranco@ibmc.up.pt 

This talk and subsequent discussion of educational material will 
concentrate on how to convey to new researchers the problems that 
have been identified in the conducting and reporting of preclinical 
studies, and how to avoid them, and on the basic measures to make 
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organoids with autism genetic background to address gene envi-
ronmental interactions in autism and validated the findings against 
human data, providing a first example of in vitro GxE and a mech-
anistic validation concept.
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Training and courses offered at  
Johns Hopkins Center for 
Alternatives to Animal Testing
Lena Smirnova, Alexandra Maertens, Kathrin 
Herrmann and Thomas Hartung 
Johns Hopkins University, Baltimore, MD, United States 

lena.smirnova@jhu.edu 

The Center for Alternatives to Animal Testing (CAAT) has been 
for 42 years the leading think tank for alternative methods as new 
approach methodologies (NAMs) in safety sciences in the US. Re-
search at CAAT addresses mechanistic toxicology including a com-
plete metabolomics workflow, microphysiological systems (MPS) 
of the brain and their implementations in the field of developmen-
tal neurotoxicology to replace animal testing. The CAAT laborato-
ry provides a platform for young scientists from around the world 
to learn and apply NAMs and interact with researchers in the field. 
Beyond Johns Hopkins students, CAAT welcomes international 
fellows and supports internships. Besides hands-on training, CAAT 
promotes NAMs through teaching. At JHU, CAAT offers courses 
on Toxicology of 21st Century, Evidence-based Toxicology, Poli-
cy and Humane science for animals in research, and bioinformat-
ic tools in toxicology. CAAT faculty offers a class on Introduc-
tion in Alternatives Methods at Georgetown University as a part of 
Environmental Metrology and Policy program. Importantly, since 
2018, courses on Toxicology of 21st Century and Evidence-based 
Toxicology have been offered on COURSERA, an open online 
learning platform. Since then, these two classes have attracted al-
most 20,000 active learners. Translational activities of CAAT in-
clude workshops (transatlantic think tank for toxicology, t4)  
and the secretariats for the Evidence-based Toxicology Collabo-
ration, the Good Cell Culture Practice Collaboration, the Green 
Toxicology Collaboration and the Industry Refinement Working 
Group. Recently, CAAT was awarded a NIH/NCATS grant to es-
tablish a series of MPS world summits and international MPS so-
ciety.
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compared to in vivo data. However, within-class concordance was 
highest in EPA Toxicity Category IV and GHS Category 5 at 87% 
and 88% respectively, thus demonstrating the Mixtures Equation 
may be able to identify substances with lower potency. A frame-
work for prioritizing human-relevant in vitro data to predict irrita-
tion potential of new chemical substances and defined approaches 
for hazard classification of pesticides utilizing several OECD ac-
cepted in vitro test guidelines will be presented. Similarly, efforts 
to determine the applicability of multiple in vitro and ex vivo tests 
to identify skin irritation hazard are ongoing.
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Brain organoids for developmental 
neurotoxicity testing and gene / 
environment interactions (GxE)
Lena Smirnova, Carolina Romero, Caroline Krall, 
Jesse Plotkin, Yifei Wang, Sergio Modafferi, Xiali 
Zhong, David Gracias and Thomas Hartung 
Johns Hopkins University, Baltimore, MD, United States 

lena.smirnova@jhu.edu 

The human brain represents the most complex organ of our body 
and thus modeling a development of functioning human brain-on-
dish is an enormous challenge. Recent advances of microphysio-
logical systems are a way to address brain development, homeo-
stasis, functionality and diseases in more physiologically and 
human-relevant conditions. Already a simple brain spheroid rep-
resents higher complexity, increased cell-to-cell interactions, pro-
longed shelf-life than monolayer cultures, offering an opportunity 
to conduct longitudinal studies on chemicals affecting neural de-
velopment. Brain organoids allow addressing the histoarchitec-
ture and cellular interactions of the brain including synaptogene-
sis and myelination. Using CRISPR/Cas9 gene-editing technolo-
gy in iPSC, we have developed multi-fluorescent brain organoids, 
which allowed to screen environmental chemicals and drugs in a 
complex brain model. To bring brain organoids closer to in vivo, 
we introduced iPSC-derived microglia, immune-cells of the brain, 
which allowed us to study not only the role of microglia in synap-
togenesis but also neuroinflammation upon chemical exposure and 
viral infections. We recently developed a 3D multi-electrode ar-
ray platform (organoid EEG). We use this EEGs and high-density 
multi-electrode arrays to develop assays for learning and memory. 
This should fill the gap in the functional endpoints in the in vitro 
developmental neurotoxicity testing battery. Finally, we used brain 
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edge. Facilitated by JRC, EURL ECVAM in collaboration with 
NIH NICEATM, US EPA, Environment and Climate Change Can-
ada, and others. 

The views expressed in this presentation are the authors own  
and do not necessarily reflect those of the US government; funded  
by NIEHS, NIH under Contract No. HHSN273201500010C.
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Toward probabilistic risk 
assessment – The ONTOX project
Thomas Hartung 
Johns Hopkins University, CAAT, Baltimore, MD, United States 

THartun1@jhu.edu 

Safety sciences must cope with uncertainty of models and re-
sults as well as information gaps. Acknowledging this uncertain-
ty necessitates embracing probabilities and accepting the remain-
ing risk. Every toxicological tool delivers only probable results. 
Traditionally, this is taken into account by using uncertainty / as-
sessment factors and worst-case / precautionary approaches and 
thresholds. Probabilistic methods and Bayesian approaches seek to 
characterize these uncertainties and promise to support better risk 
assessment and, thereby, improve risk management decisions. Ac-
tual assessments of uncertainty can be more realistic than worst-
case scenarios and may allow less conservative safety margins. 
Most importantly, as soon as we agree on uncertainty, this defines 
room for improvement and allows a transition from traditional to 
new approach methods as an engineering exercise. The objective 
nature of these mathematical tools allows to assign each method-
ology its fair place in evidence integration, whether in the context 
of risk assessment, systematic reviews, or in the definition of an in-
tegrated testing strategy (ITS) / defined approach (DA) / integrat-
ed approach to testing and assessment (IATA). This presentation 
gives an overview of methods for probabilistic risk assessment and 
their application for exposure assessment, physiologically-based 
kinetic modelling, probability of hazard assessment (based on 
quantitative and read-across based structure-activity relationships, 
and mechanistic alerts from in vitro studies), individual suscepti-
bility assessment, and evidence integration. Ongoing work in the 
context of the EU ONTOX project will be shared. In conclusion, 
probabilistic risk assessment will be key for constructing a new 
toxicology paradigm – probably!
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Methods2AOP: An international 
collaboration advancing  
AOP key event descriptions
Clemens Wittwehr1, William Bisson2, Xiaoqing 
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Agnes Karmaus3, Nicole Kleinstreuer8, Etychia Lekka9, 
Kristan Markey10, Anna Maria Masci11, Milena 
Mennecozzi1, Holly Mortensen12, Jason O’Brien13, 
Emily Reinke3, Charles Schmitt11, Nyssa Tucker14 and 
Vassilis Virvilis9 
1European Commission, Joint Research Center, Italy; 2Inotiv in support of 
NTP Report on Carcinogens, United States; 3Inotiv, United States; 4PETA 
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9Biovista, Greece; 10US EPA, United States; 11NIH/NIEHS/ODS, United 
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and Wildlife Health Division/Environment and Climate Change Canada, 
Canada; 14Laboratory for Molecular Modeling, School of Pharmacy, 
Curriculum of Toxicology and Environmental Medicine, University of 
North Carolina, United States 

agnes.karmaus@gmail.com 

The AOP framework requires that key events (KEs) be quantifi-
able to substantiate linkages between stressors and effects. The ex-
isting AOP-Wiki section for method-related information (“how it 
is measured or detected”) neither reflects the importance of linking 
KE with test method nor enables consistent description of methods 
across KEs. Methods2AOP is an international collaboration aim-
ing to make linkages between test methods and KEs more explicit 
and visible. Collaborators have identified roughly 30 information 
fields across two levels to associate test method with KEs (level 
1: critical) in a simple but FAIR (Findable, Accessible, Interoper-
able, Reusable) manner while also integrating sufficient assay de-
tails (level 2: informational) to annotate technical implementation 
and interpretation of results in AOP context. Fields drawn from es-
tablished ontologies will be tabularized in the AOP-Wiki. The goal 
is for test method tables to formalize connections between AOP 
descriptions, external sources, and supporting evidence. Encour-
aging adoption among contributors is essential to collecting req-
uisite details to increase the overall trustworthiness and utility of 
a methods-annotated AOP. This annotation framework is aligned 
with requirements from stakeholders including OECD EAGMST 
to advance the integration of experimental definitions into AOP 
frameworks and facilitate regulatory relevance of AOP knowl-
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Addressing the yearly $53B 
problem for pharma companies, 
using “Patient-on-a-chip” 
technology and innovative AI
Isaac Bentwich 
Quris AI, Israel 

bentwich@quris.ai 

Drug discovery and development is a lengthy and expensive pro-
cess with more than a 92% failure rate, costing pharma compa-
nies an astonishing $53B each year in failed animal testing, kill-
ing 110 million mice, and 50,000 beagles, every year. This topic is 
more relevant than ever- with the revolutionary legislation in the 
US removing the antiquated 83-year-old requirement to use ani-
mal studies as part of the process to obtain a license for a new drug. 
Quris is here to solve this problem. We’ve developed the first Bio-
AI clinical-prediction platform that can better predict which drug 
candidate will be safe in the human body, and for whom, avoiding 
the massive cost and time of animal testing. Our BioAI platform 
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Annotating high-throughput 
screening assays:  
Facilitating interpretation 
and data use
Agnes Karmaus1, Alexandre Borrel1, Aswani 
Unnikrishnan1, Clemens Wittwehr2 and Nicole 
Kleinstreuer3 
1Inotiv, United States; 2European Commission, Joint Research Centre, 
Italy; 3NIH/NIEHS/DTT/PTB/NICEATM, United States 

agnes.karmaus@gmail.com 

Publicly available high-throughput screening (HTS) data have the 
potential to facilitate the development of computational approach-
es for chemical assessments and provide mechanistic insight on 
chemical effects and hazard. However, linking HTS data to toxi-
cologically relevant mechanistic pathways or regulatory endpoints 
remains a challenge and requires detailed information about both 
assay technology and the assay’s biological context. In this proj-
ect, we annotated thousands of assay endpoints from the U.S. En-
vironmental Protection Agency’s ToxCast program, including re-
sults from the Tox21 HTS program, using existing controlled assay 
ontologies. Use of these ontologies facilitates stakeholder under-
standing, provides terminology that offers additional context, and 
informs upon the biological relevance of heterogeneous in vitro 
HTS assay readouts. Assay annotations are leveraged to complete 
a standardized data reporting template: OECD Harmonized Tem-
plate (OHT) 201. OHT201 is an internationally recognized tem-
plate used to report chemical test result summaries for interme-
diate effects. It captures assay technology information as well as 
mechanistic outcomes and interpretation obtained from in vitro, ex 
vivo, or in silico methods. We used a KNIME workflow applied via 
the IUCLID portal to populate the OHT201 form based on expert 
curation of existing annotations associated with fields in the form. 
These activities are expected to increase accessibility to annotat-
ed HTS data and provide context to facilitate the identification of 
data gaps, characterization of mechanistic plausibility, and further 
investigation into regulatory-relevant endpoints such as endocrine 
disruption, carcinogenicity, developmental toxicity, etc. 

This abstract was funded by NIEHS under Contract No.  
HHSN273201500010C.
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A call for a human exposome project
Thomas Hartung 
Johns Hopkins University, CAAT, Baltimore, MD, United States 

THartun1@jhu.edu 

Four decades of the Human Genome Project and its consequenc-
es have shown how the entrepreneurial state, through significant 
investment into science, can drive scientific progress and advance 
biomedicine. A certain fraction of diseases can now be explained as 
caused by genetics, and a more significant fraction as impacted by 
genetics. Besides another fraction caused by pathogens, the third 
and probably largest impactor is exposure, i.e., the many physi-
cochemical and lifestyle factors. This presentation makes the case 
that it is time to start a Human Exposome Project, which system-
atically explores and catalogs the exposure side of human health 
and disease. The envisioned Human Exposome Project needs to 
be more than a scaled exposomics approach, aiming to assess the 
totality of relevant exposures through ~omics of human body flu-
ids and forming exposure hypotheses. Exposomics is increasingly 
complemented by exposure science and biomonitoring to measure 
exposure, mechanistic understanding, human-relevant microphys-
iological systems, big data, and artificial intelligence (AI) to mine 
these data and integrate pieces of evidence. The potential impact 
of AI on a possible Human Exposome Project is so substantial that 
we should speak of exposome intelligence (EI) because this allows 
us to expand our limited current knowledge to the big unknown 
unknowns of threats to human health.
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Engagement of scientists  
with the public and policymakers to  
promote alternative methods
Thomas Hartung 
Johns Hopkins University, CAAT, Baltimore, MD, United States 

THartun1@jhu.edu 

Scientists are usually good at teaching, sometimes even to lay au-
diences. But communicating with journalists, activists, or policy-
makers can be a different story – hesitancy to make mistakes as 
well as the temptation to disproportionally promote one’s own case 
come into play. The multitude of social media and other web-based 
outlets has diversified and accelerated the communication of sci-
ence. Real-time reactions, sharing of data, tools and results, in-
creasing invitation of personal opinion, demand for transparency, 
political correctness, and loss of trust in experts are challenges to 

uniquely combines the power of cutting-edge AI together with pa-
tients-on-chip technology, to better predict drug safety. How does 
it work? A simple three-tiered process: 

We generate millions of interactions between known drugs (safe 
and toxic drugs) and patients-on-chip (miniaturized interconnect-
ed human organs on a chip). 

We Train the AI, based on the proprietary auto-labeled nano- 
sensor data extracted from these interactions. 

This training then allows the platform to predict the safety and 
personalization of new drug candidates accurately. 

This integration of state-of-the-art machine learning, with  
patient-on-a-chip, real-time nano-sensing, and stem-cell genom-
ic diversity technologies- allows high indication of drug toxicity. 
We are at the tipping point of the modernization of drug discov-
ery-Quris’ platform could be of very significant value to pharma 
companies and the health of society at large.
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Is it time for Tox-21c 2.0 thanks to AI?
Thomas Hartung 
Johns Hopkins University, CAAT, Baltimore, MD, United States 

THartun1@jhu.edu 

The 2007 NRC report on Toxicity Testing for the 21st Century – a 
vision and a strategy (Tox-21c) was a watershed moment for US 
toxicology changing a discussion from whether to change to when 
and how? With knowledge vastly increased since 2007, technolo-
gies such as microphysiological systems (MPS) and especially ar-
tificial intelligence (AI) have emerged, which were hardly covered 
in the report. Exposure-driven assessments were only covered in 
a parallel NRC report but the needs for integration into toxicol-
ogy, for example, through exposomics, are increasingly evident. 
A key challenge is the integration of data and methods (evidence 
streams) in Test Strategies, Systematic Reviews, and Risk Assess-
ments. Evidence-based Toxicology and Probabilistic Risk Assess-
ments are emerging here. In order to embrace these developments 
and move Tox-21c toward implementation, the Basic Research 
Office of the Under Secretary of Defense for Research and Engi-
neering, OUSD(R&E), hosted a Future Directions workshop Ad-
vancing the Next Scientific Revolution in Toxicology on April 28-
29, 2022, at the Basic Research Innovation Collaboration Center 
(BRICC), in Arlington, VA. A vanguard of Tox-21c scientists and 
agency observers developed a report laying out how recent devel-
opments can be embraced and Tox-21c implemented in the next 
decades. AI plays a key role in all aspects of this vision.
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The progress of alternative methods 
in Brazil: Activities of BraCVAM
Octavio Presgrave1,2, Wlamir Moura1,3, Carolina 
Barbara de Oliveira1,2, Claudia Conceição1,2, Elias 
de Jesus1,2, Jonas Roza1,4, Cristiane Caldeira1,2 and 
Rodrigo Corrêa-Oliveira5 

1Brazilian Centre for Validation of Alternative Methods (BraCVAM), 
Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro, RJ, Brazil; 
2Institute of Science and Technology in Biomodels (ICTB), Oswaldo 
Cruz Foundation (FIOCRUZ), Rio de Janeiro, RJ, Brazil; 3National 
Institute of Quality Control in Health (INCQS), Oswaldo Cruz Foundation 
(FIOCRUZ), Rio de Janeiro, RJ, Brazil; 4Board of Presidency, Oswaldo 
Cruz Foundation (FIOCRUZ), Rio de Janeiro, RJ, Brazil; 5Vice-President 
of Research and Biological Collection of Oswaldo Cruz Foundation 
(FIOCRUZ), Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro, RJ, 
Brazil 

octavio.presgrave@gmail.com 

BraCVAM, the Brazilian Centre fof Validation of Alternative 
Methods, was created in 2013 and is based in the Oswaldo Cruz 
Foundation (FIOCRUZ), Rio de Janeiro, Brazil. BraCVAM is 
linked to the Vice-Presidency of Research and Biological Colle-
tion of FIOCRUZ. Along this period of time BraCVAM has sug-
gested the officialization of more than 30 alternative methods to 
the National Council for the Control of Animal Experimentation  
(CONCEA) that published 4 Normative Resolutions on this issue. 
Members of BraCVAM coordinate the first “Latu sensu” post-grad-
uation course, entitled Specialization on Alternative Methods on 
Animal Use, in FIOCRUZ, with 3 classes formed. BraCVAM is 
also responsible for the academic discipline of Alternative Meth-
ods in the master’s degree course on laboratory animal science  
(MPCAL), in FIOCRUZ. BraCVAM has also participate in orga-
nization of editions of the Latin American Congress of Alternative 
Methods (COLAMA), besides presenting many abstracts, post-
ers, classes and lectures in a variety of events in Brazil and world-
wide. BraCVAM established a partnership with Humane Society 
International (HSI) for disseminating the Monocyte Activation Test 
(MAT). The most recent action of BraCVAM was to suggest the 
Brazilian Pharmacopoeia the adoption of MAT as an official mono-
graph for replacing rabbits in the pyrogenicity testing, which was 
accepted by the Pharmacopeia and BraCVAM was invited to partic-
ipate in the working group that will include MAT as general mono-
graph.
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researchers in general. The field of alternatives to animal testing is 
more political and important to lay audiences than many others, so 
its scientists must be especially aware of these challenges. Public 
engagement offers the opportunity to form a community and cre-
ate wide support for non-animal research and its implementation. 
This requires scientists to step out of the ivory tower of higher ed-
ucation and engage with diverse interest groups by outreach activ-
ities, interviews, press releases, etc., by employing tailored com-
munication.
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Good Cell Culture  
Practice (GCCP) 2.0 extending to 
microphysiological systems
Thomas Hartung 
Johns Hopkins University, CAAT, Baltimore, MD, United States 

THartun1@jhu.edu 

A number of cell culture technologies have become more broad-
ly available with the turn of the century, which allow overcom-
ing shortcomings of traditional culture. These include the use of 
stem-cell derived cells, cocultures of different cell types, scaffolds 
and extracellular matrices, perfusion, 3D culture, tissue architec-
ture and organ functionality. The physiological relevance is fur-
ther enhanced by the measurement of biomarkers (e.g., key events 
of pathways) and more wholesome assessment cell responses by 
high-content methods. These approaches are still rarely combined 
to create microphysiological systems and in fact we do not argue 
that all cell culture needs to be that sophisticated. However, the 
less defined the endpoint of interest and cellular response are, the 
better we should approximate organ- or tissue-like culture condi-
tions to make physiological responses more probable. Beside these 
technologic advances, important progress in the quality assurance 
and reporting on cell cultures as well as the validation of cellular 
test systems bring the utility of cell cultures to a new level. Lessons 
learned from the development, validation and acceptance of alter-
native methods for the creation of a new approach for research and 
especially regulatory toxicology show that we need both concep-
tual steering and a quality assurance. Since 2022, Good Cell Cul-
ture Practice (GCCP) 2.0 is available, which expands the original  
GCCP guidance from 2005 to the new approaches.
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The DNT IVB – A challenging road  
leading to change
Ellen Fritsche1,2 
1IUF – Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany; 2DNTOX GmbH, Düsseldorf, Germany 

ellen.fritsche@iuf-duesseldorf.de 

For developmental neurotoxicity (DNT) evaluation, in vitro 
methods allow a more efficient testing for hazard identification 
compared to traditional animal experiments. Recently, a DNT-in 
vitro battery (DNT IVB) has been compiled under internation-
al regulatory guidance, which is the sum of its single assays and 
represents a large variety of neurodevelopmental key events like 
human neural progenitor cell (hNPC) proliferation, their neural 
differentiation, migration and maturation. An OECD DNT IVB 
guidance document is being composed that should facilitate IVB 
interpretation. 

To gain confidence in the DNT IVB, we pursued four strate-
gies with the EU part of the DNT IVB. First, within the European 
H2020 project ONTOX we are generating physiological maps for 
brain development. These maps are then compared to the current 
DTN IVB. Secondly, we employed molecules altering signal-
ling pathways known to be crucial in brain development/human 
neurodevelopmental diseases. Results from both efforts inform 
on IVB gaps. Third, we calculated battery performance based on 
chemical testing of a reference set of 46 positive and negative 
DNT compounds. Last, we strengthen the relevance of IVB hits 
by assembling transcriptome-supported DNT adverse outcome 
pathways (AOPs). 

In summary, an international effort led to the first generation 
DNT IVB. Gap and strength analyses reveal areas where more 
scientific input is needed. The collective work of the scientists in-
volved will increase confidence in the battery and help decrease 
uncertainty for its regulatory application.
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Unleashing the potential of 
bioprinted tumors: A step towards 
personalized cancer therapy
Shreyas Gaikwad and Sanjay Srivastava 
Texas Tech University Health Science Center, United States 

Shreyas.Gaikwad@ttuhsc.edu 

One of the major challenges in cancer drug development is the 
lack of effective models during preclinical testing. The available 
models do not mimic the human in vivo microenvironment. Fur-
ther, pre-clinical testing is heavily dependent on animals, and this 
inflicts both psychological and physiological stress on animals. 
A large number of animals are exposed to potential anti-cancer 
agents on a daily basis and eventually, only 5% of these com-
pounds move towards human clinical trials. This issue poses a 
question on the relevance of using animals for modeling “human” 
cancer. To solve this issue, we propose the use of “Bioprinted Tu-
mor Models” as an alternative to animal models. In this study, 
using bioprinting (3D printing) technology, we have created a 
unique tumor tissue that closely mimics the human tumor mi-
croenvironment. In order to achieve this, we have created a spe-
cialized bioink which to our knowledge remains the most human 
tumor-specific bioink. Most bioinks used for bioprinting are de-
rived from rodents (e.g. Matrigel), thus contrasting the purpose 
of replacing or reducing the use of animals from an ethical stand-
point. Our model is free of any animals derived material thus 
clearly aligning it with the “3Rs” principle. We have extensively 
characterized the tumors in terms of cell viability, tumor stiffness, 
cell morphology, and structure etc. Further, we have also tested 
standard chemotherapies, radiation therapy, and immunotherapy. 
Our vision is focused on creating and scaling the bioprinted tu-
mor model as a means of testing anti-cancer therapies in both aca-
demia and the industrial sector.
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Multimodal welfare assessment 
in laboratory mice after surgery
Christine Häger, Steven R. Talbot and André Bleich 
Hannover Medical School, Institute for Laboratory Animal Science, 
Hannover, Germany 

haeger.christine@mh-hannover.de 

The best possible animal welfare during experimental procedures 
is fundamental for high data quality in biomedical research. It is 
the basis for the generalizability, robustness, and reproducibility 
of results, and its assessment requires an objective and exact ap-
proach. This study aimed to evaluate a multimodal welfare assess-
ment after surgery in mice. 

After intraperitoneal implantation of a telemetric device into fe-
male C57BL/6J mice, post-operative multimodal welfare assess-
ment included clinical scoring of general appearance and body 
weight, the monitoring of telemetry-derived heart rate (HR), heart 
rate variability (HRV), temperature and activity and the assess-
ment of the pain-specific parameter the Mouse Grimace Scale 
(MGS) and burrowing behavior. 

After surgery, general appearance remained unaffected, but 
body weights were significantly reduced for up to one week. In 
addition, telemetry-derived HR was increased, and HRV and ac-
tivity were decreased for up to 2 weeks after surgery. Body core 
temperature was also not affected. In contrast, the pain-specific 
parameter MGS was increased only hours after implantation, and 
burrowing behavior was decreased for less than a week. 

These findings revealed that the different modalities show dif-
ferent periods of impaired welfare, with an indication of short-last-
ing pain but longer-lasting impairment due to the altered heart 
function and reduced activity. Moreover, it can be suggested that 
the different modalities indicate different facets of impairment, 
such as pain or discomfort only. However, the results support the 
conclusion that only the composition of multiple parameters re-
veals a holistic picture of the overall impairment after surgery in 
laboratory mice.
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ETPLAS for the benefit of free 
movement of researchers 
and harmonisation of quality 
standards across Europe
Jan-Bas Prins1,2 and Anne-Dominique Degryse3 
1Leiden University Medical Centre, Leiden, The Netherlands; 2The Francis 
Crick Institute, London, United Kingdom; 3ETPLAS, France 

jan-bas.prins@crick.ac.uk 

The European Directive 2010/63/EU, in articles 23 and 24 requires 
competence of all personnel involved in the use of animals for sci-
entific purposes. The Education and Training Platform for Lab-
oratory Animal Science, ETPLAS, was set up to aid harmonisa-
tion and mutual acceptance of LAS training across the EU. Today,  
ETPLAS offers open access training materials for animal care staff, 
Competent Authorities, and training providers. ETPLAS’ training 
toolbox will continue to increase in the coming years. Building on 
from the European Parliament funded Pilot-Project (2019-2021), 
the EU funded Action-Project continued under the ETPLAS um-
brella in 2022. The Pilot-Project focussed on Core and function 
A (those carrying out procedures on animals) specific modules. 
The scope of the Action-Project is extended to include functions 
B (those designing procedures and projects) and C (those taking 
care of animals) specific modules. Four Working Groups are fo-
cussing on expanding the training assessment criteria; preparing a 
Question Database for assessment through an online examination 
service that will be made available to all LAS training providers; 
extending the Direct Observation of Procedural Skills (DOPS) da-
tabase and developing a EU wide continuing professional develop-
ment (CPD) framework for the field of Laboratory Animal Science 
(LAS) thereby facilitating a harmonised approach to the mainte-
nance of competence, as required by the EU-Directive. 

The way ETPLAS will continue to develop further quality stan-
dards for mutual acceptance of Education and Training in LAS 
across Europe will be expanded upon.
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Evaluating new approach 
methodologies for use in next 
generation risk assessment
Alistair Middleton 
Unilever, United Kingdom 

alistair.middleton@unilever.com 

There is an increasing recognition [1] that new frameworks are 
required for establishing scientific confidence in the use of New 
Approach Methodologies (NAMs) for regulatory purposes. This 
is especially needed in the context of Next Generation Risk As-
sessment (NGRA), which is an exposure led and hypothesis driv-
en approach for conducting safety assessments using non-animal 
NAMs. A key requirement for the acceptance of NAM-based tool-
boxes and workflows for use in safety assessments is that they are 
fit-for-purpose, which requires that they are evaluated in the con-
text of their use (i.e., risk assessment). To address this, we recently 
proposed a NAM-based toolbox and workflow for conducting sys-
temic safety assessments, together with an approach for evaluat-
ing how protective it is [2]. The approach is based on the principle 
of benchmarking safety decisions made using the NAM toolbox 
against historical safety decisions. The toolbox includes physio-
logically-based kinetic (PBK) models and a broad range of dif-
ferent in vitro assays, from which points of departure (PODs) are 
estimated. The feasibility of the evaluation strategy was initially 
tested using 24 benchmark exposure scenarios from 10 different 
chemicals [2] and has since been expanded to include 69 addition-
al benchmark exposure scenarios from 38 additional chemicals. In 
this talk, I will present the results of the extended evaluation, with 
a particular focus on how our evaluation approach aligns with cur-
rent proposed changes to wider validation frameworks.

References
[1] van der Zalm et al. (2022). Arch Toxicol.
[2] Middleton et al. (2022). Tox Sci.
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Targeting respiratory viruses:  
A novel alveolus-on-chip infection 
model for pre-clinical applications
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Respiratory viruses pose a constant threat to public health as high-
lighted by the COVID-19 pandemic. In the distal lung, SARS-
CoV-2 infection results in air-blood barrier breakdown and massive 
inflammation in severe cases. Due to the difficulty to model the al-
veoli, animal models are widely used. However, they do not cap-
ture all aspects of severe COVID-19, which complicates translation 
of pre-clinical findings into clinical practice. Human-derived micro-
physiological systems enable to study the multifactorial pathophysi-
ology of COVID-19 in a human-relevant context and potentially fu-
el drug development. 

Therefore, we aimed to develop AlvireX, a drug screening plat-
form for respiratory viruses. It combines medium-throughput screen-
ing on alveolar microtissues and validation on a lung-on-chip model. 

We used an alveolar epithelial cell line (AXiAEC) derived from 
primary human alveolar epithelial cells and optimized for on-chip ap-
plications. AXiAEC were infected with SARS-CoV-2 or influenza A 
virus (IAV) and monitored for virus production and barrier function. 

In air-liquid interface (ALI), AXiAEC upregulated host factors 
for SARS-CoV-2 cell entry. Consequently, SARS-CoV-2 infect-
ed AXiAEC and induced barrier breakdown. Physiological stretch 
promoted SARS-CoV-2 production. Finally, we demonstrated pro-
ductive IAV infection in AXiAEC. IAV replicated more rapidly than 
SARS-CoV-2, which recapitulates their differential incubation time 
in patients (SARS-CoV-2: ~5.5 days; IAV: ~2 days). 

Our results highlight the importance of replicating the complex 
physiological microenvironment (ALI, stretch) to model viral infec-
tion and immune response in the alveoli. We believe that the AlvireX  
platform will be broadly applicable to current and emerging respi-
ratory viruses and will help accelerate drug testing in the pre-clin-
ical phase.
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The role of qAOPs in exposure-led 
NGRA: Benefits and limitations
Alistair Middleton and Andrew White 
Unilever, United Kingdom 

alistair.middleton@unilever.com 

Next generation risk assessment (NGRA) is 1) exposure-led,  
2) hypothesis driven, 3) uses a tiered and iterative approach to 
make safety decisions and 4) is designed to prevent harm. NGRA 
provides a workable framework to integrate exposure informa-
tion and points of departure from non-animal in vitro cell assays. 
When no bioactivity is expected at human-relevant concentrations, 
a safety decision can be made on the basis that no bioactivity in-
dicates there can be no adversity. This type of safety assessment 
is protective of human health without predicting hazards that may 
occur at higher exposures. However, where bioactivity cannot be 
ruled out at human-relevant concentrations, higher-tier tools are 
needed to refine the risk assessment. In this talk, I will discuss how 
quantitative AOPs can in principle be useful for risk assessment 
decision making, when specific mechanisms of concern have been 
identified. This is particularly critical when distinguishing between 
adaptive and adverse effects associated with key event in an AOP. 
In the talk, the benefits and limitations of qAOPs and how they 
may be useful within the context of NGRA will be illustrated by 
drawing on several examples, including inhalation (inflammation 
and fibrosis) and systemic toxicity (Nrf2 activation and oxidative 
stress). The qAOP modelling approaches used in these examples 
will vary from systems biology (i.e., bottom up, mechanistic) to 
Bayesian statistical models. An industry perspective on the short- 
and long-term future challenges of how these different approach-
es could be selectively deployed within a tiered risk assessment 
framework will also be discussed.
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Much effort in predictive toxicology has been focused on mam-
mals. In contrast, similar efforts are surprisingly limited in ecotox-
icology despite the fact that it still heavily relies on animal testing 
for, e.g., chemical hazard assessment, which not only requires an-
imal sacrifices but is also very resource-intensive. Therefore, our 
research is aimed at exploring the potential and limitations of ap-
plying machine learning (ML) to ecotoxicology. Previous studies 
are usually limited in taxonomic and chemical scope (datasets on 
single or few species and few chemicals). Therefore, we compiled 
an extensive dataset aimed at acute mortality and related endpoints 
in three distinct taxonomic groups of high relevance in ecotoxi-
cology (fish, crustaceans, and algae), covering ~2400 chemicals 
and over 1200 species. The core dataset of ecotoxicity experiments 
was supplemented by phylogenetic and species-specific features, 
as well as chemical properties, and molecular representations. 
We provide the dataset including an in-depth characterization of 
all features and the reasoning behind the feature curation to serve 
as a benchmark. To complete the benchmark dataset, we propose 
a number of prediction challenges that could help answer press-
ing questions from our field and give options for different split-
ting approaches to prevent data leakage. We compare model per-
formances of several regression-based ML methods on the data-
set, with special consideration towards exploring the influence of 
different train-test-splits, feature importance, and molecular repre-
sentations.
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The RELSA score: An evidence-
based tool for better severity 
assessment in animal research
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The severity assessment of laboratory animals is crucial for reli-
able and ethical animal research. However, determining the most 
objective way to assess animal well-being remains challenging. 
Traditional manual scoring of animals is subjective and can be in-
fluenced by factors such as training, motivation, and external con-
ditions. As a result, there is a growing need for more reliable and 
objective approaches to severity assessment. 

To address this issue, we have developed the Relative Severity 
Assessment (RELSA) score based on a comprehensive pipeline 
using physiological and behavioral data. These data were mapped 
to a single value representing animal well-being on a relative 
scale, making the multidimensional nature of severity transpar-
ent and allowing for more objective monitoring. We could classi-
fy animals and animal models into distinct categories, allowing us 
to rank and validate their severity, e.g., sepsis > surgery > restraint 
stress > colitis. This approach was extended to four gastrointesti-
nal studies for which the order BDL > Pancreatitis ≈ PDA > CCl4 
was retained, when the RELSA reference data came from an in-
dependent laboratory. Therefore, we expanded the robust RELSA 
workflow to other animal models such as genetic, stress-based, 
and pharmacological mouse models of depression. 

RELSA enables stakeholders to make retrospective, quantita-
tive severity comparisons using the multidimensional fingerprint 
of the outcome measures and to perform prospective severity es-
timations for newly planned studies, providing evidence-based 
monitoring of animal well-being that can aid researchers in mak-
ing better-informed decisions based on a more holistic representa-
tion of the animal on a quantitative scale.
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Data Science has revolutionized laboratory animal science, par-
ticularly in severity assessment, which is critical for ensuring the 
ethical and humane treatment of animals in research. With the in-
creasing use of animals in biomedical research, new methods and 
techniques are being developed to assess the severity of proce-
dures and minimize pain and distress. In this regard, supervised 
and unsupervised Machine Learning methods and algorithmic de-
sign have emerged as new and innovative tools to assist research-
ers and routine workers in decision-making. 

To this end, the DFG-funded research group “FOR2591 Sever-
ity Assessment” has developed several tools and algorithms to an-
alyze clinical, physiological, and behavioral data. These tools in-
cluded methods of comparative severity assessment (RELSA), 
humane endpoint estimation (endpointR), severity classification 
(lauRa), and an application for finding the optimal representation 
of multiple severity-related variables in animal models (CMS). 
Ultimately, combining quantitative solutions with laboratory an-
imal science led to a higher quality severity assessment, resulting 
in new ways of ranking the severity of procedures and finding bet-
ter humane endpoints. 

The goal was to use Data Science to improve animal welfare 
and promote ethical and responsible research. However, it remains 
crucial to validate these methods and establish clear guidelines to 
ensure robustness and generalizability. With the rise of AI technol-
ogies, laboratory animal science is undergoing a transformative 
period. Researchers and routine workers must be prepared to adapt 
to these new tools and establish trust in their use. By doing so, we 
can work towards a future in which animal research is conducted 
more ethically and humanely.
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Wilson1 and Kathryn Wolton1 
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2Toxys, The Netherlands 
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Encouraged by the successful application of New Approach Meth-
odologies (NAMs) in an exposure-driven Next Generation Risk 
Assessment (NGRA) approach to systemic toxicity (Middleton et 
al., 2022), an integrated framework with additional NAMs cover-
ing endpoints for developmental and reproductive toxicity (DART) 
was developed. This approach comprised DART-specific in silico 
predictions, in vitro physiologically based kinetic (PBK) model-
ling, a cell stress panel, high-throughput transcriptomics, in vitro 
pharmacological profiling as well as ReproTracker® and devTOX 
quickPredict™ to address developmental toxicity. To determine if 
this approach is sufficiently protective for consumer safety assess-
ments, first its biological coverage was evaluated. The compari-
son between reported cellular processes, signaling pathways and 
genes involved in known key stages in human reproduction and 
embryo-fetal development to the read-outs from our NAM toolbox 
showed > 80% coverage based on gene numbers (Rajagopal et al., 
2022). Approximately 40 benchmark substances were tested in all 
NAMs, and points of departure (PoDs) were compared to exposure 
estimates (plasma Cmax) obtained from published clinical studies 
(where available, or using PBK modelling) to calculate bioactivi-
ty-exposure ratios (BERs). To evaluate the approach, these BERs 
together with in silico predictions were compared to literature re-
ports of the DART risk of each compound. These evaluations will 
be presented together with areas identified where integration of 
additional NAMS could be beneficial to enable human-relevant 
safety decisions. These areas include addition of placenta trans-
fer models to the PBK modelling strategy, Calux® Assays to re-
fine information on receptor binding, and use of other advanced 
cell models.
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The assessment of skin sensitizers in medical device extracts is 
conventionally performed in vivo, primarily using the Guinea Pig 
Maximization Test and the Buehler Occluded Patch Test. How-
ever, the medical device toxicology is currently transitioning to a 
process which is increasingly focused on the use of in vitro meth-
ods for evaluation of the biological safety of medical devices. The 
recent inclusion of in vitro methods for the endpoints skin irritation 
and skin sensitization in the ISO 10993 standard now makes it pos-
sible to perform this testing in vitro. One of the in vitro methods 
for assessment of skin sensitization described in ISO 10993-10 is 
the GARDskin assay. The GARDskin assay is the first OECD TG 
442 method that has been adapted to work with oil, the non-polar 
extraction vehicle often used in in vivo studies for testing medical 
devices. 

Here we show an example of how in vitro results, including re-
sults from the GARDskin Medical Device assay, were submitted 
to obtain CE-marking according to the European Medical Device 
Regulation 2017/745 (MDR) for Tinearity® G1, an innovative tin-
nitus treatment medical device. The classification of Tinearity® 
G1 as a non-sensitizer in both polar and non-polar extracts in the 
GARDskin Medical Device assay was used with in vitro results 
for cytotoxicity and skin irritation as weight of evidence together 
with toxicological evaluation of chemical data in the risk assess-
ment and biological evaluation of the medical device.
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entific purposes. These, collectively, should contribute to adoption 
of minimal standards of care for animals in laboratories. However, 
consideration of animals remains distinct from wider evaluation 
of the research question and the “suitability” of animals to address 
this. For example, guidance documents for drug development may 
permit, or even encourage, the use of “alternatives”, but the docu-
ments are often drafted from a position of animals as the gold stan-
dard and thus refer to the use of animals throughout. 

Here we consider what is needed to further encourage applica-
tion of non-animal tools, focusing on drug development. We pres-
ent a tool that combines animal welfare considerations with deep-
er evaluation of non-animal approaches. This “framework” is a 
straightforward questionnaire that could be answered by, for ex-
ample, animal license holders or principal investigators. It com-
bines elements of existing requirements with questions on the use 
of non-animal, new approach methodologies (NAMs), and in-
cludes suggestions for improvements necessary to allow establish-
ments to reach a maximum score. Completion of four key perfor-
mance indicators returns a numerical score that could be used to 
rank facilities. This ranking of facilities may be useful for inves-
tors, and for pharmaceutical companies that want to outsource re-
search whilst maintaining minimal animal use.
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Misinformation, disinformation, 
hyperbole, and exaggeration: 
Communicating the truth in the fake  
news era
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There are approximately 2.5 million new scientific papers pub-
lished every year, and reports of researchers feeling overwhelmed 
by the sheer volume of research to keep up with. Couple this with 
misleading news media headlines like “Cancer cured” and “De-
mentia beaten” and it is hard to know what to believe! 

Taking dementia as an example, this presentation will look at 
how to detect “fake news” and, consider how, as scientists, we can 
improve our reporting to prevent misinterpretation and overesti-
mation of scientific studies. We will focus on assessing the costs 
of this distortion of science, taking account of the financial im-
plications, impact on society and the waste of animal lives; all of 
which combine to ultimately reduce public trust in science. We of-
fer some thoughts on how to address these issues to improve accu-
racy and restore faith.
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for industrial chemicals
Katrin Schutte1 and Ofelia Bercaru2 
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The European Commission supported by the European Chemicals 
Agency (ECHA) is working towards a roadmap for replacing ani-
mal testing for chemical safety in Europe. This follows recent an-
nouncements of roadmaps and plans to support the implementation 
of NAMs instead of animal testing by others (e.g., US EPA, EFSA) 
and the request for such a roadmap by citizens to the European Par-
liament and submitted via a parliamentary resolution in 2021. 

The European legislative approach to industrial chemicals 
is unique in being a horizontal generic system for all chemicals 
which puts the burden of proof on industry. This creates a higher 
demand for universally applicable NAM solutions. The in-going 
assumption in the roadmap development is that the current hori-
zontal generic system would be maintained, i.e., the identification 
of hazards through information requirements in the REACH Reg-
ulation and classification of substances based on adverse effects, 
by applying specific criteria agreed at EU and international lev-
el (GHS). The roadmap will spell out the critical needs necessary 
to transit to an animal free system like, e.g., the ability to derive 
toxicological reference values from molecular data as opposed to 
from adverse effects observed in vivo. The roadmap will also high-
light areas where methodological developments of NAMs are still 
needed to achieve the desired end-goal and it will point out where 
elements of the current horizontal system may need to be adjusted 
in order to allow the use of NAM-data (e.g., hazard classes).
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A fourth R – Reframing research 
to redefine refinement
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Several requirements and recommendations exist surrounding the 
use of animals in research and testing, including guidance docu-
ments, regulatory requirements, facility accreditation, formal au-
dit and inspection, and discussion between experts and the public. 
Additionally, the “Culture of Care” is embedded in European Di-
rective 2010/63/EU, which seeks to protect animals used for sci-
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network analysis of toxicogenomic 
data to provide quantitative 
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prediction of drug-induced toxicity
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Lukas S. Wijaya, Martijn J. Moné, James L. Stevens 
and Bob van de Water 
Leiden Academic Centre for Drug Research (LACDR), Leiden University, 
The Netherlands 

m.j.mone@lacdr.leidenuniv.nl 

Next-generation risk assessment (NGRA) of chemicals revolves 
around the use of mechanistic information without animal exper-
imentation. Toxicogenomics is a powerful method to elucidate 
underlying mechanisms of chemical-induced toxicities, especial-
ly when considering the pathway or co-regulated gene network 
level. We developed the interactive TXG-MAPr tool, by apply-
ing weighted gene co-expression network analysis (WGCNA) on 
in-vitro liver and kidney datasets of primary human hepatocytes, 
HepG2 and RPTEC/TERT1 cells, as well as in-vivo rat liver and 
kidney data. The TXG-MAPr allows visualization of dose- and 
time-response data, compound correlation and functional annota-
tion of gene networks (gene-ontology, pathway, transcription fac-
tor enrichment) to derive mechanistic information on mode-of-
action. Perturbations of WGCNA gene networks were quantita-
tively assessed by module eigengene scores (EGs). Module EGs 
were associated with pathology phenotypes, providing prognostic 
information for drug safety assessment. In addition, new module 
EGs can be obtained by uploading transcriptomics data into the  
TXG-MAPr tool, which can be applied to investigate novel mech-
anisms of toxicities by chemical insults. Benchmark concentra-
tions can be derived from co-expression modules and can be used 
as point of departure (PoD) of co-expression networks or associ-
ated pathways. Finally, module preservation between test systems 
could identify networks that are preserved in vitro and are associat-
ed to an in-vivo pathology. These modules could be mapped to key 
events in an adverse outcome pathway, enabling hazard identifica-
tion for NGRA purposes. Ergo, TXG-MAPr represents a power-
ful tool for NGRA, providing mechanistic understanding of poten-
tial adverse chemical reactions, and to determine the PoD of key 
events associated with cellular adversities.
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the use of fetal calf serum
Sjoukje Van de Kolk, Héloïse Ribot, Anouk Verstraeten, 
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3Rs Centre Utrecht, Utrecht University, Utrecht, The Netherlands 
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To stimulate the development and uptake of non-animal or new ap-
proach methods (NAMs), the 3Rs Centre Utrecht (3RCU) aims to 
maximally facilitate researchers to do so via integral approaches. 

When embracing in vitro methodology, the use of fetal calf se-
rum (FCS) confronts researchers with ethical and scientific obsta-
cles. We are therefore aiming to replace/reduce the use of FCS. 
Our strategy encompasses: 
− hosting a searchable, public database of available products, 

strategies and information to replace FCS 
− organizing an active working group that meets regularly (once 

every 6-8 weeks). Members freely exchange information and 
have access to a shared environment containing relevant infor-
mation 

− match-making by hosting a database of interested and motivat-
ed students to be employed as interns and matching with inter-
ested researchers 

− central coordination of storage and supply of replacement prod-
ucts (which are made available for free). This also ensures that 
everybody is working with the same reagents 

− organization of lab space – if this is a limiting factor 
− using social media for targeted campaigns to create attention, 

awareness and adherence. We have e.g. recently run a campaign 
specifically targeted at researchers that provided weekly scientif-
ic arguments against using FCS. 

We will present a detailed plan of this strategy as well as the first 
results. Overall, our philosophy is that “creating data in addition to 
ideas” is the best way to stimulate researchers themselves to take 
up NAMs.
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University of Shizuoka, Japan; 3Division of Pharmacology, National 
Institute of Health Sciences, Japan 
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In silico methods have been widely used to predict and evaluate 
the toxicity of chemicals. However, there are not enough public-
ly available databases of animal studies for chemicals with com-
plex toxicity mechanisms, such as neurotoxicity and developmen-
tal neurotoxicity. We have obtained in vivo developmental neuro-
toxicity datasets from literature information (such as Neurotoxicol 
Teratol 52: 25-35, 2015), and have been developing a new read-
across method using molecular descriptors that represent physico-
chemical characteristics of chemical substances. We found that set-
ting a threshold for the distance between substances used to define 
the neighbor substances and setting the number of neighbor sub-
stances to an appropriate value can increase the accuracy of devel-
opmental neurotoxicity evaluation using the read-across method 
with molecular descriptors. We found that there are chemical cat-
egories, which are correlated well with in vivo datasets. Other cat-
egories showed some discrepancies between in silico and in vivo. 
Because the discrepancies between in silico and in vivo may come 
from incomplete data of in vivo neurotoxicity, we have performed 
in vitro studies using iPSC/iPSC neurons to bridge the gap. Thus, 
the integrated approach using both in silico and in vitro would im-
prove the prediction of developmental neurotoxicity in vivo.
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Infections of the female cervix (CX) with the sexually transmitted 
human papilloma virus (HPV) can lead to a pre-cancerous cervi-
cal intraepithelial neoplasia (CIN) and progress to a cervical can-
cer (CC), the 4th most common cancer within women. Hence, hu-
man-based, immunocompetent physiological in vitro models of 
cervical carcinoma pathogenesis are urgently required for basic re-
search and for the development of (immuno)therapeutic options. 

A tailored microfluidic platform is fabricated by combining lay-
ers of laser-cut and hot-embossed thermoplastics and thermoplas-
tic elastomers. Keratinocytes, fibroblasts, and neutrophils are iso-
lated from human cervical tissue and whole blood of healthy do-
nors. Primary cells as well as the cervical cancer cell line SiHa are 
combined in dynamic co- or triple-cultures in a hydrogel or scaf-
fold. Neutrophils are perfused through the channel. The tissues are 
characterized via on-chip immunofluorescent staining, effluent 
analysis, and off-chip histology. 

The developed MPS incorporates two independent systems with 
four replicate tissue chambers each. The 3D stromal layer with pri-
mary fibroblasts supports the multi-layered epithelium of primary 
keratinocytes and SiHa for the healthy CX- and the CIN-on-chip 
respectively. In the CC-on-Chip, SiHa spheroids emulate cancer-
ous nests that respond to co-culture with fibroblasts and to com-
pound treatment. Neutrophils migrate into the cancerous tissue. 

We established a novel design and fabrication concept for a hy-
brid-material MPS that allows the generation of physiological hu-
man micro-tissues of different stages in the development of cer-
vical cancer. Further integration of immune components in these 
platforms will boost research in immune-oncology therapy [1]. 

Reference
[1] Kromidas, Maulana et al. (2021). Adv Drug Deliv Rev. 
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phosphorylation-based signaling  
in cultured fish cells
Nikolai Huwa, René Schönenberger and Ksenia Groh 
Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Switzerland 

ksenia.groh@eawag.ch 

It is well known that proteins involved in cellular signaling cas-
cades are often regulated by their (de)phosphorylation at specif-
ic sites, and many of the initiator kinases can respond to diverse 
stress signals, including those resulting from chemical exposure. 
However, mechanistic exploration of chemical effects on protein 
phosphorylation has received little attention in predictive (eco)tox-
icology so far, possibly due to technical limitations. Indeed, tradi-
tional antibody-based approaches to study protein phosphorylation 
can become prohibitively expensive when used in high-throughput 
assays and for multiple protein targets. Furthermore, suitable anti-
bodies for proteins of interest are often lacking in non-mammali-
an species. To address this challenge, we set out to develop a tar-
geted (phospho)proteomics method that would allow quantifying 
phosphorylation and abundance levels of multiple protein targets 
simultaneously within one mass spectrometry-based assay. We 
worked with the zebrafish (Danio rerio) PAC2 cell line model and 
focused on the mTOR kinase pathway, which is known to regulate 
growth and hypothesized to mediate chemical effects on growth. 
Currently, our method allows monitoring 19 protein targets along 
the mTOR pathway that provide insights into cell growth, prolif-
eration, and energy regulation. We used it to monitor the mTOR 
pathway dynamics during (i) cell culture growth cycle and (ii) 
chemical exposures, in correlation with other cellular responses 
such as changes in ATP levels. Our work demonstrates the applica-
bility of the mass spectrometry-based targeted (phospho)proteom-
ics to study chemical disruption of phosphorylation-based signal-
ing in different organisms, which could allow identifying nov-
el mechanistic targets and exploring their suitability as predictive 
markers of chemical toxicity.
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Fish is the most widely used vertebrate in environmental risk as-
sessment. Yet, current testing paradigms cannot live up to the de-
mands of chemical safety assessment and the societal desire to re-
duce or replace animal testing. It is, therefore, our vision to build 
an alternative fish: a modular assemblage of fish cell line-based 
assays, alone or combined with computational models. Pursuing 
this vision, we have demonstrated that it is possible to use a rain-
bow trout (Oncorhynchus mykiss) cell line to predict the impact of 
chemicals on short-term survival and growth. Short-term surviv-
al is predicted using the RTgill-W1 cell line assay, assuming the 
gill to be the most common target site for acute fish toxicity. This 
assay has reached global acceptance as ISO standard 21115 and 
OECD test guideline 249; it hence comprises the first completed 
module of our envisioned alternative fish. Prediction of reduced 
fish growth, likewise, uses RTgill-W1 but measures cell prolifera-
tion as a proxy for fish cell number and consequently fish weight. 
An intestinal and a liver cell line are added as relevant sites for the 
derivation of chemical bioconcentration factors. We currently ex-
pand these concepts to modules for neurotoxicity (using a rainbow 
trout brain cell line) and reproductive toxicity (liver and gonad cell 
lines), and to subcellular markers with a documented link to ad-
verse outcomes in fish. Our growing platform, therefore, should al-
low for the deployment of single or multiple modules of the alter-
native fish to reduce or, ideally, replace animal use in environmen-
tal risk assessment.
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Trust in science is a valuable asset that can contribute significantly 
to social cohesion as well as to rational, democratic decision-mak-
ing. Since trust is not a given good, but a joint effort based on 
openness, truthfulness and dialogue, it gives rise to a responsibil-
ity that radiates to science as a whole. In a controversial subject 
area such as animal experimental research, transparent informa-
tion about scientific work and an open exchange of views on the 
choice of research methods that is open to dialogue are particularly 
important, as are ethical responsibilities. In this societal dialogue, 
the scientific community is called upon to continuously fulfill its 
central role and special responsibility. To promote open dialogue 
and transparency in animal research in Germany, the Permanent 
Senate Commission on Animal Protection and Experimentation 
of the German Research Foundation and the information initiative 
“Tierversuche Verstehen” of the Alliance of Scientific Organiza-
tions founded the “Initiative Transparente Tierversuche” (“Initia-
tive on transparent animal research”). Comparably to other similar 
activities, the initiative formulates 4 goals which aim on fostering 
a culture of open dialogue and proactive information sharing. Uni-
versities, research institutions and industries are invited to join and 
support the initiative and implement their goals. The initiative was 
founded in summer 2021 and over 90 institutions have joined un-
til early 2023. The initiative offers an annual workshop, a sympo-
sium, direct consultations and other resources to supporters of the 
initiative to help improve their own communication, outreach and 
transparency efforts.
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Translation of biomedical discoveries to patient benefit is chal-
lenging with high attrition rates. To tackle this challenge, improv-
ing the robustness of preclinical evidence while considering clini-
cally relevant endpoints and market opportunities is crucial. 

However, preclinical scientists frequently face professional and 
structural barriers in adopting good practices. To address this, we 
established a research and support structure called Responsible 
PrecliniX as an integrative approach on the institutional level to 
assess and improve preclinical evidence toward increased repro-
ducibility and predictive value of projects. As a central interven-
tion instrument, we established a transparent, systematic consul-
tation process with a metric to assess the robustness of a project at 
its core. It addresses validity in three domains: internal, external, 
and translational validity, alongside reliability and complements 
field-specific knowledge with statistics, experimental design, and 
meta-research expertise. Internal validity queries strategies to re-
duce bias, while external validity is concerned with strategies to 
establish the generalizability of results. Particularly, extending 
experimental designs to e.g., both sexes, different strains, or dis-
ease models. This may include the possibility of replications and 
non-animal alternatives. For translational validity, we assess how 
closely results reflect the clinical situation. Biostatistical advice is 
provided to ensure adequate reliability of generated evidence. 

The process generates actionable items to improve the chances 
of (academic) projects reaching the clinic and being taken forward 
toward product development. 

Uniquely, the metric and accompanying projects throughout the 
process will allow us to define key performance indicators to gen-
erate empirical evidence about the benefits as well as pitfalls of the 
translational process.
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Communicating with  
the general public about the science  
of animal research
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Safer Medicines Trust, United Kingdom 
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Several popular science books have been written in recent years 
about “sloppy science”. Richard Harris, for example, wrote about 
research integrity and the “reproducibility crisis” in Rigor Mor-
tis (2017), while Ben Goldacre’s Bad Science (2008) and I Think 
You’ll Find It’s a Bit More Complicated Than That (2015) exposed 
problems with the science of medical research. All sold well. 

Pandora Pound decided to try to write a similar book, aimed at 
the general public, about the science of animal research and the 
new approaches available to replace it. Wanting a wide readership, 
she found a literary agent to represent the book to mainstream 
publishers. The agent sent the proposal to editors at 30 large pub-
lishing houses, emphasising that the book was about science, in-
novative replacement technologies and contained no details of an-
imal suffering. 

The responses from publishers throw light on the way this topic 
is perceived by the print media. Although positive about the writ-
ing, none wanted to take it on. Most replied that the topic was too 
“niche” and that the book would not find a large enough market. 
Others felt the subject matter was a “tough sell”, with the details 
“too difficult to stomach”. A few suggested the topic would be bet-
ter suited to a long-form article, or articles. Some editors’ person-
al views about the value of animal research generated negative re-
sponses. Their feedback highlights the challenges of communicat-
ing with the general public – and the media – about the science and 
replacement of animal research.
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The need of harmonization of  
alternative methods and 
animal use in Latin America
Cristiane Caldeira1,2, Maria Inês Rossi2, Carolina 
Barbara de Oliveira1,2 and Octavio Presgrave1,2 
1Brazilian Center for Validation of Alternative Methods (BraCVAM), 
Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro, RJ, Brazil; 
2Institute of Science and Technology in Biomodels (ICTB), Oswaldo Cruz 
Foundation (FIOCRUZ), Rio de Janeiro, RJ, Brazil 

octavio.presgrave@gmail.com 

Nowadays only Brazil, Uruguay and Mexico have laws regulating 
the use of animals in research and education. In the case of Brazil, 
the law 11,794/2008 also stimulates the application of the 3Rs in 
order to avoid any abusive experiment. It also obliges all institu-
tions that use animals need to have an Ethical Committee for ana-
lyzing projects prior to begin experimentations. Several countries 
in Latin America have Ethical Committees but it is a voluntary ini-
tiative without law protection. Many other countries have law for 
animal welfare but that not necessary improve the use of 3Rs. This 
situation is very fragile in terms of disseminating alternative meth-
ods throughout the continent. It is necessary that the Governments 
of LATAM countries to aware of the need to take care of animals 
and, in priority, establishment of the 3Rs. For this harmonization 
the role of the Brazilian Council for Animal Experimentation Con-
trol (CONCEA), the Brazilian Center for Validation of Alternative 
Methods (BraCVAM), the Federation of South American Societies 
for Laboratory Animal Science (FESSACAL) and the Federation 
of North American Hispanic, Central America and Caribbean So-
cieties and Associations for Laboratory Animal Science (FeSAH-
ANCCCAL) is very important, specially by promoting meetings 
and congresses. In addition to acting politically in each country in 
order to adopt and publish laws that regulate animal use and im-
provement of the 3Rs application in research and education in Lat-
in America countries.
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Systems-biology modelling of  
steatosis and uncertainty 
quantification towards NGRA
Huan Yang, René Geci, Alicia Paini and Stephan 
Schaller 
esqLABS GmbH, Germany 

huan.yang@esqlabs.com 

Within the EU ONTOX project, we are developing quantitative ad-
verse outcome pathway (qAOP) models to advance human-health 
risk assessment. Our systems modelling qAOP framework aims 
to integrate data at various biological organizations, ranging from 
molecular/cellular to tissue/organ. For one case study on steato-
sis, we build quantitative models incorporating detailed biological 
networks underpinning lipid metabolism. Our systems modelling 
approaches can quantify both apical key events and generic cellu-
lar key events like cellular stress activation. To evaluate our mod-
el performance, we utilize public domain data e.g. from Tox21 and 
BioStudies. Furthermore, we develop our qAOP integration pipe-
line with additional data like in-vitro data curated from ongoing 
efforts within the ASPIS qAOP working group. Towards the Next 
Generation Risk Assessment (NGRA), our qAOP also integrates 
toxicokinetic (TK) modeling to offer an open-source tool (imple-
mented in Open Systems Pharmacology Suite; www.open-systems- 
pharmacology.org) to predict response-response and exposure-ef-
fect relationship. To better assess the confidence in model pre-
diction, we are developing advanced computational approaches 
to quantify uncertainty in qAOPs models. For the steatosis case 
study, we exemplify the uncertainty quantification results together 
with potential pitfalls from frequentist and Bayesian statistical ap-
proaches by integrating data synthesized from qAOP models. Per-
spective usage of the uncertainty quantification approaches with 
integrated TK-qAOP models will be discussed with real in-vitro 
data for steatosis, but also with a broader scope for other apical 
toxicological endpoints. 

ONTOX has received funding from the European Union’s  
Horizon 2020 research and innovation programme under grant  
agreements number 963845.
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Development of a cartridge bio- 
reactor for parallelized 
cultivation and stimulation 
of complex tissue models
Alexandra Damerau1,2, Adel Ahmed3, Cris Comparey3, 
Felix Löser3, Sabrina Ciancia3, Nina Buffi3, Jan Saam3, 
Martin Dulac3, Timo Gaber1,2, Frank Buttgereit1,2 and 
Moritz Pfeiffenberger1,2 

1Charité Universitätsmedizin Berlin, Germany; 2Deutsches 
Rheumaforschungszentrum Berlin, Germany; 3OSPIN GmbH Berlin, 
Germany 

moritz.pfeiffenberger@charite.de 

The increased incidence of bone fractures represents a challenge 
for healthcare stakeholders. In the absence of sufficiently suitable 
in vitro models, animal models are still frequently used to analyze 
processes, interventions, and the success of fracture healing, espe-
cially in the preclinical phase. To address this gap, we have devel-
oped a 3D in vitro fracture healing (FH) model that simulates the 
initial phase of fracture healing by co-culturing fracture hematoma 
models with scaffold-free bone models. Although it operates under 
non-perfused and unloaded conditions, we have already observed 
a clear convergence between data obtained from in vitro and ex/in 
vivo specimens. 

Knowing that loading and perfusion are essential factors for op-
timal bone regeneration, we here aim to develop a multimodal bio-
reactor capable of applying these parameters and allowing us to 
grow 3D FH models in vitro under controlled and constantly mon-
itored conditions. 

First, we specified mechanical loading conditions correspond-
ing to the in vivo situation during bone regeneration. Next, we test-
ed biomaterials and strategies for drug treatment under the spec-
ified loading and environmental parameters. Based on these da-
ta, we designed a 4-well insert-based Boyden chamber to incubate 
four FH models in parallel. We included a click-on pressure sys-
tem to implement mechanical loading using a pneumatic valve. 
Using this system, we could prolong cell survival and accelerate 
the calcification process in our FH models. 

The multimodal bioreactor proposed here will allow us to apply 
loading and perfusion as essential parameters for optimal bone re-
generation to analyze processes, interventions, and the success of 
fracture healing.
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Simulating mechanical forces during 
joint movement on cartilage  
in an animal-free bioreactor set-up
Moritz Pfeiffenberger1,2, Emely Rosenow1,2, Christina 
Lubahn1, Thomas Leeuw3, Timo Gaber1,2, Frank 
Buttgereit1,2 and Alexandra Damerau1,2 
1Charité-Universitätsmedizin Berlin, Germany; 2German Rheumatism 
Research Centre Berlin, Germany; 3Sanofi-Aventis Deutschland GmbH, 
Germany  

Alexandra.Damerau@charite.de 

Pathomechanisms of degenerative joint diseases such as osteoar-
thritis (OA) ultimately result in cartilage breakdown. The exact un-
derlying mechanisms of both cause and progression still remain 
unclear. Besides the impact of metabolic components and architec-
ture, mechanical forces are well-known as important modulators 
of joint health, while aberrant forces are primary etiological factors 
leading to cartilage degeneration. 

Here, we aimed to (i) develop a long-lasting human in vitro 
3D cartilage model using alternated perfused cultivation, (ii) ap-
ply (patho-)physiological mechanical forces – fluidic shear stress 
(FSS) – and (iii) simulate TNF-α-mediated cartilage degradation. 

Bone marrow-derived mesenchymal stromal cells (MSCs) were 
used to develop the 3D cartilage model incubated in a bioreactor 
with a perfusion cycle that facilitates pathological (< 1 dyn/cm2;  
> 10 dyn/cm2) and physiological (< 10 dyn/cm2) mechanical  
forces. 

Physiological mechanical loading enhanced chondrogenesis 
with reduced apoptosis and gene expression for matrix-degrad-
ing enzymes e.g., MMP13, compared with the pathophysiologi-
cal control. Mimicking the pathophysiology of OA, we stimulated 
the 3D cartilage model with 100 ng/mL TNF-α for 6 hours un-
der physiological and pathophysiological mechanical shear forc-
es. In comparison, TNF-α stimulation using a physiological shear 
force set-up showed reduced IL6 gene expression, soluble IL-6 
amounts, and reduced expression of matrix-degrading enzymes 
but enhanced anabolic chondrogenic matrix proteins compared to 
the pathophysiological set-up. 

We conclude from these data that physiological shear stress 
seems protective against inflammation-mediated cartilage degra-
dation. Thus, studying the effects of mechanical stimuli in vitro 
in a highly controlled and reproducible fashion will enhance our 
understanding of the initial key events of this devastating disease.
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In vitro screening of three  
UV stabilizers and a UV filter: 
Cytotoxicity, CYP1A activity, 
and mRNA expression in an 
immortalized embryonic double-
crested cormorant cell line
Tasnia Sharin1,2, Ramela Koumrouyan2, Doug Crump1 
and Jessica Head2 
1Environment and Climate Change Canada, Canada; 2McGill University, 
Canada 

tshar049@uottawa.ca 

Ultraviolet (UV) stabilizers and UV filters are added to industrial 
and personal care products to absorb UV rays and prevent photo 
oxidation. UV stabilizers and filters have been detected in a range 
of environmental matrices, including high trophic level bird spe-
cies (e.g. double-crested cormorant). Little is known about the 
toxicological properties of these compounds, especially in birds. 
Previously, we established and characterized an immortalized 
embryonic double-crested cormorant hepatic cell line, DCH22, 
for chemical screening. In the present study, DCH22 cells, cul-
tured as 3-dimensional spheroids, were exposed to three UV sta-
bilizers (UV-328, UV-329, UV-9) and a UV filter (BP-3) at nom-
inal concentrations of 0.1 to 1000 µM to determine cell viability,  
CYP1A activity and changes in mRNA expression. Cell viability and  
CYP1A activity were measured using ATP concentration and 
ethoxyresorufin-O-deethylase (EROD) activity, respectively. A 
double-crested cormorant EcoToxChip (PCR array), comprising 
384 genes, will be used to determine changes in mRNA expression. 
The UV stabilizers and UV filter elicited similar effects on cell vi-
ability with LC50 values > 100 µM. UV-9 and BP-3 exposure re-
sulted in a concentration-dependent increase of CYP1A activity in 
DCH22 spheroids, while UV-328 and UV-329 did not. Concen-
tration-dependent (0.1 to 100 µM) changes in mRNA expression 
will be evaluated for the compounds and the dose-response model-
ling program PROAST (RIVM) will be used to determine bench-
mark doses. Given the increased use and prevalence of these com-
pounds, these findings will generate much needed toxicity data us-
ing an in vitro wildlife avian model.
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Evaluation of local tolerance of  
vaginal formulations and  
medical devices with a 3D human  
vaginal model
Seyoum Ayehunie1, Christian Pellevoisin2, Timothy 
Landry1 and Alex Armento1 
1MatTek Corporation, United States; 2MatTek corporation, France 

sayehunie@mattek.com 

This study validates the utility of the 3D human in vitro vaginal tis-
sue model as an alternate for the rabbit vaginal irritation (RVI) as-
say requested for the regulatory evaluation of medical devices in 
contact with the vaginal mucosa. A study was conducted in vitro  
and in vivo with N = 14 coded test articles (TAs) known to be in 
contact with vaginal tissues in the form of preservatives, contra-
ceptives, solvents, enhancers, antiseptics, and surfactants. The TAs 
were topically applied in vitro and in vivo at 2% dose with 5 repeat 
exposures over 6 days. While the RVI score was used to monitor 
in vivo irritation; MTT, TEER, and histology were used as in vivo 
endpoints. The results showed that four TA including two known ir-
ritants, benzalkonium chloride (BZK) and nonoxynol 9 (N9) were 
predicted as irritants by MTT viability and TEER (< 50% reduc-
tion). While BZK was identified as a mild/severe irritant in the RVI 
assay, the effect of N9 in rabbits was highly variable. Based on the 
rabbit data, we further examined the predictivity of the in vitro as-
say using EpiVaginal tissue reconstructed from cells from four do-
nors and tested 55 TAs commonly used in feminine care products. 
The results showed 5 of the 55 test articles resulted in < 50% tissue 
viability and TEER values compared to controls. In conclusion, the 
use of in vitro EpiVaginal tissue can help reduce the need for animal 
testing and provide more accurate and predictive data for assessing 
the irritation potential of substances on human tissue.
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Advancing higher education on 
AOPs for the integration of NAMs 
in testing and assessment
Bette Meek 
University of Ottawa, Canada 

bmeek@uottawa.ca 

Adverse Outcome Pathways (AOPs) and Mode of Action (MoA) 
integrate mechanistic information from a broad range of sources/
lines of evidence including computational predictive models, da-
ta generated in vitro by new approach methodologies (NAMs), in  
vivo regulatory toxicological studies and epidemiological investi-
gations. Integration of information along these described biologi-
cal pathways is critical in informing plausibility, causality, and hu-
man relevance as a basis for predictive inference in more efficient 
testing and assessment strategies. 

These pathway constructs are well-established in the field and 
widely accepted and applied by national regulatory Agencies, 
worldwide. Considerable experience in their assessment and ap-
plication internationally has informed current guidance on best 
practices for developing, documenting and assessing causality 
in an Organization for Economic Cooperation and Development 
(OECD) AOP development program and associated knowledge 
base which includes over 400 AOPs in various stages of comple-
tion (https://aopwiki.org/). 

Having been introduced in the mid to late 1990’s, there is al-
so considerable experience in the provision of training for the re-
search community developing pathway descriptions and the ap-
plication community assessing confidence in their supporting evi-
dence bases for a range of testing and assessment purposes. Lately, 
core educational materials developed originally for MOA for the 
World Health Organization (WHO) and more recently, for AOPs 
within the OECD program have been expanded and evolved in 
higher education programs. The status of existing experience in 
this area will be addressed and examples of evolving curricula 
provided.
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research, and by that create a debate that inspires and encourages 
rather than polarizes. 

“The Best Model” is a documentary short film following a 
group of international toxicology students at Karolinska Institu-
tet. During their studies, the students’ concept of animal use in re-
search and the relevance of animal testing for the future, are chal-
lenged. The students discuss the importance of the 3Rs (replace, 
reduce, refine). They talk about refinement and positive effects on 
animal welfare and scientific quality. Some of the students believe 
that animal testing is difficult to replace. Others believe that com-
puter simulations and cell models should be able to completely re-
place animal testing. 

The film material is used in screenings and workshops with dif-
ferent target groups in academia and authorities and in teaching for 
high school and university students. These screenings and work-
shops aim to engage and entertain, and to create positive change. 
Real stories – Real change. 

Scientific development, awareness, and how we talk about ani-
mal use in research are the main themes in “The best model”. This 
documentary film contributes to reducing prejudices about animal 
use in research and testing as well as prejudices about non-ani-
mal-based models. We need to have a respectful conversation 
about animal use in research to embrace future development.
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Lessons learned on validation, 
acceptance and uptake of  
the rainbow trout gill cell-based  
assay (RTgill-W1)
Kristin Schirmer1,2,3, Melanie Fischer1 and Stephan 
Fischer4 
1Swiss Federal Institute of Aquatic Science and Technology/Utox, 
Switzerland; 2EPF Lausanne, School of Architecture, Civil and 
Environmental Engineering, Switzerland; 3ETH Zürich, Department of 
Environmental Systems Science, Switzerland; 4aQuaTox-Solutions GmbH, 
Switzerland 

kristin.schirmer@eawag.ch 

The RTgill-W1 cell line assay to predict acute fish toxicity is the 
first cell line-based in vitro assay to gain global acceptance for 
chemical and water sample testing in environmental risk assess-
ment. It has been adopted by ISO (Standard 21115: Water quality – 
Determination of acute toxicity of water samples and chemicals to 
a fish gill cell line (RTgill-W1)) and by OECD (Test Guideline 249: 
Fish Cell Line Acute Toxicity – The RTgill-W1 cell line assay). 
Systematic development, thorough standardization and validation 
provided the basis for this success. As the assay stands, impact on 
cell viability is measured based on three fluorescent indicator dyes 
after 24 h exposure in a 24-well plate for six sample concentra-
tions. Fluorescent measurements are used to derive effective con-
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Regulatory opportunities and  
challenges to reduce testing  
on animals in a next-generation  
risk assessment
Deborah Ramsingh 
Health Canada, Canada 

deborah.ramsingh@hc-sc.gc.ca 

As pesticide regulators aim to fulfil their commitment to applying 
international principles on the judicious use of animals in toxicity 
testing, they must ensure that regulatory decisions can be reached 
with confidence while allowing for the reduction, refinement, or 
replacement of animal studies. With ongoing advances in the field 
of new approach methods and growing collaboration among in-
ternational partners, these opportunities are presenting themselves 
more frequently. The review and application of alternative meth-
odologies may help to increase regulatory confidence in these 
non-traditional approaches, particularly if access to alternatives 
coincides with the continued availability of traditional toxicity 
tests to allow for a comparative impact assessment on regulatory 
decisions. At the same time, there is a myriad of varied and com-
peting challenges that regulators face when attempting to mod-
ernize the toxicity testing paradigm for agrochemicals. This talk 
will outline the opportunities and challenges facing pesticide reg-
ulators in the move toward a next-generation risk assessment and 
will highlight key considerations impacting pesticide regulators as 
they navigate transformation. By sharing these perspectives, the 
aim is to facilitate an understanding of the concerns facing reg-
ulators, which is an essential step in making progress toward the 
timely implementation of alternative approaches.

Presentation: Oral

567

We need to have a respectful 
conversation about  
animal use in research
Elin Törnqvist1,2 

1Department of Animal Health and Antimicrobial Strategies, Swedish 
National Veterinary Institute (SVA), Uppsala, Sweden; 2Institute of 
Environmental Medicine, Karolinska Institutet, Solna, Sweden 

elin.tornqvist@sva.se 

The overall purpose of this science communication project is to in-
crease knowledge and use of non-animal based methods. By using 
real stories and experiences in a documentary film production, we 
want to contribute to a respectful conversation about animal use in 
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Introducing the Three Rs into primary 
and secondary schools in Europe
Agueda Gras Velazquez1, Marcelle Holloway2, Isidora 
Salim1, Pierre Deceuninck2 and Lyubov Vasylchuk1 
1European Schoolnet, Belgium; 2European Commission, Belgium 

agueda.gras@eun.org 

Schools are the place to teach future change-makers problem-solv-
ing skills, introducing them to current issues and make them think 
of better solutions. Challenging the use of animals in research is 
key nowadays and an excellent topic to promote ethics and crit-
ical thinking in education. The European Commission Joint-Re-
search Centre (JRC) project, coordinated by European Schoolnet 
(Network of 34 Ministries of Education) on the Three Rs in edu-
cation, has built learning activities and introduce the principles of 
Replacement, Reduction and Refinement of animal experiments. 
Students were offered lessons introducing the topic and had an op-
portunity to raise their awareness of the ethical basis to the EU’s 
Three Rs policy, they learned about animal testing in science and 
new technologies helping to reduce and/or replace the use of ani-
mals. Moreover, students developed critical thinking, to research 
different methods and innovation opportunities as well as learned 
about careers and jobs in the Three Rs. 

The Project also targeted teachers, who had various opportuni-
ties to learn about the Three Rs, to develop their own educational 
materials as well as to use the materials, developed by their peers. 
The project fostered exchange of information, knowledge, and 
best practices between teachers, providing tools for education and 
training related to the Three Rs. 

During the presentation, participants will learn more about the 
Project educational activities which reached over 1,000 teachers 
and more than 12,000 students and the results achieved.
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Increasing scientific confidence 
through good practice in  
the application of mechanistic data
Bette Meek1 and Daniele Wikoff 2 
1University of Ottawa, Canada; 2ToxStrategies Inc., United States 

bmeek@uottawa.ca 

Mode of Action (MoA) and Adverse Outcome Pathways (AOP) 
integrate mechanistic information from a broad range of sources 
in pathway descriptions of key events and key event relationships 
at all levels of biological organization to link exposure to specific 

centrations (EC50). The lowest of the EC50 values is used to di-
rectly predict the lethal concentration (LC50) in fish. In response to 
a surge of requests for sample analyses using this assay, we found-
ed the aQuaTox-Solutions GmbH. Although a 1:1 replacement of 
the acute fish toxicity test (OECD TG203) has not been express-
ly accepted by regulatory agencies, chemical industry from a vari-
ety of branches as well as environmental protection agencies trust 
in the value of the RTgill-W1 cell line assay. Indeed, based on the 
services provided by aQuaTox-Solutions in 2022 alone, thousands 
of fish were spared, in addition to other important benefits, name-
ly high testing throughput and little amount of test material needed. 
Hence, RTgill-W1 serves as model to develop further 3R-spirited 
cell-based assays for environmental risk assessment.
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Confronting animal methods bias  
in scientific publishing
Catharine Krebs 
Physicians Committee for Responsible Medicine, United States 

ckrebs@pcrm.org 

Animal experiments are subject to high variability, do not reliably 
predict clinical outcomes, and are ethically problematic. Despite 
the availability of more reliable, effective, and ethical nonanimal 
experimental systems, animal use remains the “gold standard” in 
biomedical research and testing due to institutional inertia, finan-
cial interests, and other barriers to change. While systemic in na-
ture, these barriers are carried out at an individual level, such as 
through biased manuscript peer reviews, often involving review-
ers requesting that authors perform animal experiments to vali-
date their findings. Animal methods bias in scientific publishing is 
a newly defined type of publishing bias describing a preference for 
animal-based methods where they may not be necessary or where 
nonanimal-based methods may already be suitable, which im-
pacts the likelihood or timeliness of a manuscript being accepted 
for publication. This presentation will (1) provide evidence of ani-
mal methods bias in publishing, including anecdotal accounts and 
survey results, (2) explore its consequences, including the conduct 
of unnecessary animal experiments and negative career repercus-
sions, and (3) discuss ongoing work of the Animal Methods Bias 
Taskforce to systematically gather more evidence and further miti-
gate animal methods bias, including providing resources and com-
munity for authors and engaging with journal editors and peer re-
viewers. Considering the significant impact that publishing biases 
may have on scientific progress and the careers of scientists, these 
efforts aim to contribute to the necessary shift away from animals 
in biomedical research and testing.
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which can have profound effects on the welfare of the animal and 
can also be a confounding factor for experimental variables. Stud-
ies have demonstrated that mice can be habituated to manipula-
tions using handling techniques that result in reduction of stress 
and improvement in ease of handler interactions. Here, we pro-
vide a detailed description and demonstration of a newly devel-
oped mouse-handling technique intended to minimize the stress 
experienced by the animal during handler interactions. This manu-
al technique makes use of milestones during handling habituation 
to assess an animals’ response to handling and is usually accom-
plished over three days (3D-handling). We compare this technique 
to previously established tunnel handling technique (involving a 
10-day habituation protocol and a PVC tunnel) and tail picking 
technique, in their effects on anxiety-like behaviors, using behav-
ioral tests, voluntary interaction with experimenters and physio-
logical measurement. The 3D-handling technique and the tunnel 
handling technique were found to reduce anxiety in behavioral 
tests and corticosterone levels, when compared to tail handling. As 
expected, only the 3D-handling technique improved experimenter 
interaction, facilitating interaction with experimenters and animal 
care providers. In conclusion, the 3D-handling is a useful approach 
to reduce mouse reactivity, improve interaction with human ex-
perimenters and care takers, reduce data variability and overall in-
crease animal welfare.
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Challenging the old ways:  
A call to rethink behavioral methods
Jenny Berrio and Otto Kalliokoski 
Department of Experimental Medicine, Section of Research and Education, 
Faculty of Health and Medical Sciences, University of Copenhagen, 
Denmark 

jenb@sund.ku.dk 

While conducting a systematic review of one of the most popu-
lar behavioral tests for assessing depression in laboratory rats, we 
came to recognize that tradition might be working against us. Re-
searchers, in the spirit of getting reproducible results, have opted 
to follow methods that have remained mostly unchanged over the 
years. Some of these methods, initially developed with practicali-
ty and ease-of-use in mind, may have prioritized convenience over 
solid biological grounds. As a result, these methods might con-
found the results of experiments by introducing critical, and easily 
overlooked, methodological biases. In our systematic review, we 
found that such faithful compliance to tradition led to a decrease 
in the reliability of the test and undermined confidence in the body 
of evidence derived from studies using it. We would like to bring 
awareness to the detrimental effect that abiding to tradition might 

adverse effects. They serve as organizational and integrating con-
structs for relevant data from a range of sources including compu-
tational predictive models, data generated in vitro and by NAMs, 
in vivo regulatory toxicological studies and epidemiological inves-
tigations. The integration of information along the biological path-
way, in turn, provides important information regarding plausibili-
ty, causality and human relevance. 

Key Characteristics (KCs) introduced more recently, are gener-
alized categories, or characteristics, between chemical and biolog-
ical properties and human disease outcome (e.g., cancer, reproduc-
tive effects) based on empirical associations. They are not charac-
terized by levels of biological organization as a basis to support 
consideration of causality but rather can be considered as potential 
indicators of general activity which could be associated with a dis-
ease outcome. 

A series of recent and proposed workshops addresses the inter-
face between KCs and mechanistic pathway descriptions (AOPs 
and MOA) to identify commonalities and potential for comple-
mentary application. Informed by different communities, these 
constructs have collective potential to increase confidence to sup-
port the application of mechanistic data including NAMs in haz-
ard assessment. The presentation summarizes concepts, introduces 
evolving understanding and invites future collaboration to contrib-
ute to the development of good practice in the use of mechanistic 
data in hazard assessment to facilitate the application of NAMs.
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Milestone based handling reduces 
stress and facilitates  
animal-experimenter interaction
Michael Marcotte1, Kristyn Fournier2, Ashley 
Bernardo1, Nathaniel Linga3, Jean-Louis Guillou4,5, 
Theresa Martin6, Etienne Sibille1,3,7, Katrine Deverell2 
and Thomas D. Prevot1,7 

1Campbell Family Mental Health Research Institute of CAMH, Toronto, 
ON, Canada; 2Preclinical Facility, Centre for Addiction and Mental Health, 
Toronto, ON, Canada; 3Department of Pharmacology and Toxicology, 
University of Toronto, Toronto, ON, Canada; 4Université de Bordeaux, 
Pessac, France; 5Centre National de la Recherche Scientifique, UMR 
5287, Institut de Neurosciences Cognitives et Intégratives d’Aquitaine, 
Pessac, France; 6Animal Care Services, University of Guelph, Guelph, ON, 
Canada; 7Department of Psychiatry, University of Toronto, Toronto, ON, 
Canada 

michael.marcotte@camh.ca 

Laboratory animals are subjected to various manipulations during 
their time in laboratories, with scientists and animal care provid-
ers. These manipulations cause involuntary and uncontrolled stress 
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Early innate and adaptive immune  
responses in human  
intestinal tissue slices from IBD and  
non-IBD patients ex vivo
Valerie Beneke1, Klaudia Grieger1, Christina Hesse1, 
Vanessa Neuhaus1, Susann Dehmel1, Alexander 
Wagner2, Ulf Kulik2, Armin Braun1 and Katherina 
Sewald1 
1Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM), 
Member of the German Center for Lung Research (DZL), Member of 
Fraunhofer Cluster Immune Mediated Diseases (CIMD), Hannover, 
Germany; 2Hannover Medical School, Germany 

valerie.beneke@item.fraunhofer.de 

Dysregulated immune responses are a key feature of inflamma-
tory bowel disease (IBD) and anti-inflammatory bacterial metab-
olites (e.g., butyrate) are considered as novel treatment option. 
Precision-cut intestinal slices (PCIS) are viable tissue sections 
that maintain intestinal microanatomy, including immune cells. 
PCIS have been used as translational 3R model in drug metabo-
lism and toxicology studies, however data on immune reactivity 
is still missing. Here, we aimed to establish early innate and adap-
tive immune activation endpoints in PCIS from IBD and non-IBD 
patients and investigated the effect of butyrate treatment ex vivo. 

PCIS, generated from ileum resections, showed typical mor-
phology and retained viability during culture as assessed by histo-
logical imaging, LDH- and ATP-assay. After 24 h, LPS (1 µg/mL)  
or IL-1β (100 ng/mL) clearly upregulated IL-8 secretion (20- 
50-fold) in non-IBD PCIS. In contrast, IBD-PCIS showed already 
high baseline IL-8 secretion, which was not further upregulated by 
LPS or IL-1β stimulation. Yet, LPS and IL-1β increased intracel-
lular ATP levels (3-fold) in IBD-PCIS, indicating higher metabol-
ic activity. Stimulation with Concanavalin A (10 µg/mL) induced 
secretion of T-cell cytokines (e.g., IL-2, IL-17A). This induction 
was inhibited by butyrate treatment (0.1-10 mM) in IBD- and non-
IBD PCIS. 

Our data highlights disease-dependent differences in human 
PCIS and demonstrates for the first time ex vivo modulation of 
early immune responses in this model. Overall, PCIS represent a 
promising translational model to reduce animal experiments and 
study pathomechanisms and treatment responses directly in hu-
man tissue.
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have on the quality of animal- based research. It is a call to go back 
to basics, to rethink and refine behavioral methods, because if tra-
dition comes at the cost of validity, maybe it is time to challenge 
tradition.
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The progression of MPS utilization  
in drug discovery
Jason Ekert 
UCB Pharma, United States 

jason.ekert@ucb.com 

Within the Discovery/pre-clinical phase of R&D in the pharma-
ceutical sector the levers for uptake of New Approach Methodol-
ogies (NAMs) differ depending on the specific context of use. The 
understanding of human disease, identification of targets, path-
ways, compound screening, ADME, the demonstration of pharma-
cology and human dose-selection bring unique challenges. The hu-
man-centric approach however pulls on the increased understand-
ing of human genetics, quality cell and tissue access, utilization of 
stem cell technologies and increased development of complex in 
vitro models including organoids, organ on a chip and microphys-
iological systems. The use and uptake of MPS across the pharma 
industry will be discussed plus the opportunity when applicable to 
use animal MPS models. I’ll report on how the pharma industry 
through the Innovation and Quality Microphysiological systems 
(IQ-MPS) affiliate is addressing the specific requirements of MPS 
across various organ systems and movement towards setting stan-
dards in recent workshops with the FDA and other global regula-
tors. I’ll conclude on where there remains gaps and a future out-
look for NAMs in drug discovery.
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Human neuromuscular junction- 
on-a-chip platform as a  
drug development tool supporting 
development of therapies
Margaret Magdesian1, Xue Ying Chua1, Ronan V. da 
Silva1, Amir Izadi1, Christelle Bouchard1, Baehyun 
Shin2, Monica Wang2, Jianguo Wang2 and Jason Ekert2 
1Ananda Devices Inc., Canada; 2UCB Pharma, United States 

margaret@anandadevices.com 

Currently available animal models fail to reproduce the patholog-
ical complexities of most neuromuscular diseases, including My-
asthenia gravis (gMG), a rare autoimmune disease driven by au-
toantibodies targeting components of the neuromuscular junction 
(NMJ). For the successful development of new therapies, robust al-
ternative approaches methods (NAMs) that specifically mimic the 
human NMJ function are required to elucidate the toxicity mech-
anism of autoantibodies in gMG. In this study, the Ananda Devic-
es microfluidic platform NeuroMuscle™ was used to create an in  
vitro 3D co-culture of motor neurospheres derived from human in-
duced pluripotent cells and primary human skeletal muscle fibers 
that reproduces a functional NMJ. The platform was validated for 
robust detection of muscle contraction after stimulation with ace-
tylcholine; reproducible detection of NMJ function by quantifying 
muscle contraction after neuronal stimulation with glutamate and 
rapid detection of NMJ function inhibition by alpha-bungarotoxin 
and D-tubocurarine. In addition, Ananda Devices’ NeuroMuscle™ 
platform is scalable, compatible with standard laboratory equip-
ment and uses human derived reagents and cells. Functional con-
nectivity was assessed with glutamate stimulation of neurospheres 
and subsequent calcium transients in GCaMP6-transduced muscle 
fibres. AChR antagonists also confirmed functional connections of 
NMJ co-cultures developed in the NeuroMuscle™ platform. Next, 
the NMJ cultures in the NeuroMuscle™ platform were incubated 
with sera from healthy and gMG patients which induced comple-
ment activation and impaired neurotransmission. The data high-
light how Ananda Devices’ human based, in vitro, NeuroMuscle™ 
platform could support drug discovery in NMJ-related diseases 
and could be used to test compounds to understand efficacy and 
mechanistic rationale.
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Toxicity by descent:  
Using phylogenetic relationships  
to predict interspecies  
differences in toxicity pathways
Joseph R. Shaw1,2 and John K. Colbourne3,4,5 
1O’Neill School of Public and Environmental Affairs, Indiana University, 
United States; 2PrecisionTox Consortium, United States; 3School of 
Biosciences, University of Birmingham, United Kingdom; 4Michabo Health 
Sciences, United Kingdom; 5PrecisionTox Consortium, United Kingdom 

joeshaw@iu.edu 

Cross-species extrapolation is a critical component of chemical 
safety testing, yet, predicting the human health effects of chemi-
cals is challenging, in part because toxicology has largely exclud-
ed evolutionary knowledge of how genes are functionally related. 
To address these needs, PrecisionTox was developed to better pro-
tect the health of people by establishing New Approach Method-
ologies for chemical safety testing using a mix of comparative ge-
nomics, metabolomics, evolutionary theory, quantitative genetics, 
data science, toxicology, and law. PrecisionTox employs six model 
species/cells, i.e., human cell lines, the embryos of zebrafish and 
frog, fruit flies, water fleas, worms, which together represent ma-
jor branches of animal evolution and are recognized biomedical 
model systems. Our approach leverages the shared genetic lega-
cy of toxicity response with other animals, including invertebrates, 
to uncover molecular toxicity pathways shared across the animal 
kingdom. We demonstrate that over 70% of gene families associ-
ated with disease/health status are shared among the greatest va-
riety of animal species through evolution. Pathway conservation 
between invertebrates and humans is based on the degree of con-
servation within vertebrates and the number of interacting genes 
within the human network. Human gene sets that already serve 
as biomarkers are enriched by evolutionarily conserved genes 
across the animal phylogeny. These discoveries are foundational 
to interpreting results of biomolecular data generated by chemical 
screens. PrecisionTox is strengthened through the ASPIS Consor-
tium via integration with the ONTOX and RISK-HUNT3R proj-
ects, which are developing state of the toxicokinetic modeling and 
next generation risk assessment approaches. Presented on behalf 
of the PrecisionTox project (https://precisiontox.org/).
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Organoid Intelligence (OI):  
The new frontier in biocomputing 
and intelligence-in-a-dish
Lena Smirnova1, David Gracias1, Brian Caffo1, Erik 
Johnson2, Dowlette-Mary Alam El Din1, Itzy Morales 
Pantoja1 and Thomas Hartung1 

1Johns Hopkins University, United States; 2Applied Physics Laboratories, 
Johns Hopkins University, United States 

lena.smirnova@jhu.edu 

Recent advances in brain organoids promise to replicate critical as-
pects of learning and memory in vitro. Coining the term Organoid 
Intelligence (OI) to encompass these technical developments, we 
are showcasing the new multi-disciplinary scientific and engineer-
ing field of OI We define OI as a new frontier of a biocomputing. 
As such, we provide a vision for its development over the coming 
decade and highlight the important societal and ethical consider-
ations it entails. We delineate its principles and potential benefits 
over computational AI by using biological learning to vastly im-
prove the speed, quality and energy efficiency of computing for 
the benefit of science and society. Here, we describe the scientific 
and technological basis of OI – bringing to the fore the latest col-
laborative brain cell culture/bioengineering advances, providing 
the foundation for the new OI paradigm (allowing production of 
myelinated brain organoids encapsulated in to the multielectrode 
cages, EEG). We share a comprehensive vision of a multidisci-
plinary research and development trajectory that aims to further 
scale up the production of organoids housed in novel electrode ar-
rays. We present the challenges and nascent solutions being devel-
oped with the potential to pioneer novel biocomputing models via 
stimulus-response training and organoid-computer interfaces – as-
sessing the true learning potential of OI We delineate the necessary 
roles of the various disciplines involved in this inherently multidis-
ciplinary new field – including electrophysiology, bioengineering, 
brain modelling, AI/big data, and bioethics. OI application goes 
beyond modeling of learning and memory to biological and hybrid 
computing as well as disease modeling.
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Comparison of dose-response 
modeling pipelines for 
developmental neurotoxicity (DNT) 
new approach methods (NAMs)
Kelly Carstens1, Arif Dönmez2, Martin Scholze3, Jui-
Hua Hsieh4, Kristina Bartmann2, Jördis Klose2 and 
Ellen Fritsche2 

1US Environmental Protection Agency, United States; 2Leibniz Research 
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Sciences, United States 

carstens.kelly@epa.gov 

A battery of developmental neurotoxicity (DNT) new approach 
methodologies (NAMs) has been developed to evaluate key events 
in neurodevelopment, including proliferation, differentiation, 
apoptosis, neurite outgrowth, synaptogenesis, and neural network 
formation. The integration of in vitro assays, representing diverse 
neurodevelopmental processes, will be a critical next step for eval-
uating chemicals with DNT hazard potential. The DNT NAMs 
battery includes assays from different experimental platforms 
(e.g., microelectrode array and high-content imaging) or labora-
tories (e.g., US EPA and the EU) that use different cell types and 
species. Additionally, assay developers rely on different dose-re-
sponse modeling pipelines, such as the ToxCast Pipeline, CRStats, 
DNT-DIVER, or PROAST, to estimate efficacy and potency. In 
this work, we evaluated the influence of different pipelines on 
model outcomes, including discrepancies in cutoff thresholds, con-
fidence intervals, points of departure, and resultant bioactivity pro-
files. Moreover, classification models to compute “selective” bio-
activity (activity below the threshold of cytotoxicity) were com-
pared. Understanding strengths and limitations of dose-response 
modeling pipelines will be integral for informing biological inter-
pretation of DNT NAMs and application for decision-making in 
the regulatory process for DNT. 

This abstract does not necessarily reflect Agency policy.
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Modeling life stage toxicokinetic 
variability for effective chemical  
prioritization
Barbara Wetmore 
US Environmental Protection Agency, United States 

wetmore.barbara@epa.gov 

An underlying need in chemical risk assessment is to ensure that 
sensitive populations are identified and adequately protected. Bot-
tom-up approaches using in vitro or in silico data and physiolog-
ically based kinetic (PBK) modeling can quantitatively estimate 
chemical-specific toxicokinetic (TK) variability, identifying both 
the extent of variability present and key drivers. Here, an in vitro- 
in vivo extrapolation (IVIVE) PBK modeling approach is being 
utilized to estimate steady state concentrations (Css) for hundreds 
of commercial chemicals of importance to the US EPA. Employ-
ing isozyme-level xenobiotic metabolism predictions anchored to 
experimental measures of hepatocyte clearance, Css outputs are 
predicted across a range of life stages and populations to derive hu-
man toxicokinetic adjustment factors (HKAFs), quantitated by di-
viding 95th percentiles by median values of a healthy adult popula-
tion. To date HKAFs have been estimated for twenty compounds, 
selected to capture a range of compound types (acids, bases, neu-
trals), TK, and Cytochrome P450 (CYP) metabolism. Highest 
HKafs were consistently returned for two-week-old infants, with 
a maximal value exceeding 9 returned for triclosan. Higher val-
ues were observed in a CYP-specific manner, exhibiting the fol-
lowing rank order: CYP1A2 > CYP3A4 > CYP2C19 > CYP2C9 >  
CYP2D6. Also, higher values were observed for those chemicals 
that were substrates for no more than two isozymes. Evaluations 
across more chemicals, subpopulations, and other aspects of TK 
and genetics (i.e., polymorphisms) are planned. Ultimately, PBK 
modeling and simulations are uniquely positioned to identify pri-
ority research needs and to aid in transitioning beyond default un-
certainty factors. 

This abstract does not necessarily reflect the views of the U.S.  
EPA.
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GeneTox21 – An integrated platform  
for in vitro genetic toxicity 
assessment of new and existing  
substances
Paul White 
Environmental Health Science and Research Bureau, Health Canada, 
Canada 

paul.white@hc-sc.gc.ca 

Genetic damage is linked to numerous human diseases, and chem-
ical screening programs routinely include genetic toxicity assess-
ment. Some traditional in-vitro genetic toxicity tests are labor-in-
tensive; new approach methodologies are required to efficiently 
assess chemicals in commerce and reduce the reliance on experi-
mental animals. GeneTox21 is an in-vitro genotoxicity assessment 
platform that includes six complementary assays (MicroFlow®, 
MultiFlow™, CometChip®, TGx-DDI biomarker, MutaMouse 
FE1 cell mutagenicity, and Ames II bacterial mutagenicity) that 
comprise a wide range of endpoints measuring DNA damage, mu-
tation, and chromosomal abnormalities. Platform performance is 
being evaluated using 35 reference compounds and 20 data-poor 
substances flagged using structure-activity screening. In addition 
to positive or negative classification, the Benchmark Concentra-
tion (BMC) approach is being employed to quantitatively deter-
mine substance potency. Initial results indicate that the platform 
readily detects genotoxicants, including those that require bioac-
tivation for generation of DNA-reactive metabolites. Multiplexed 
response profiles reflect the substance’s MOA (mode-of-action), 
e.g., mutation, chromosomal damage, aneugenicity. Analysis of 
data-poor substances shows that SAR predictions frequently differ 
from actual genetic toxicity profiles; multiplexed responses pro-
vide essential information on relative potency and MOA. The In-
tegrated Analysis Tool for Genotoxicity Assessment (IATGA) was 
developed to permit streamlined visualization, quantitative analy-
sis, and regulatory interpretation of GeneTox21 data. IATGA per-
mits IVIVE (in vitro-to-in vivo extrapolation) to determine Admin-
istered Equivalent Dose (AED) values. Empirical comparisons of 
BMC and AED values suggest that in vitro-derived point-of-depar-
ture metrics are conservative. The GeneTox21 platform allows for 
comprehensive, multiplexed assessments of chemically induced 
genotoxicity; IATGA permits data analysis and interpretation for 
screening and prioritization.

Presentation: Oral

mailto:wetmore.barbara@epa.gov
mailto:paul.white@hc-sc.gc.ca


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 125

mitment from various stakeholders. The Dutch Transition partner 
program to accelerate animal-free Innovation (TPI) was founded 
in 2018 in conjunction with Replacement, Reduction and Refine-
ment policy, a European policy that is still in place. TPI forms a 
unique collaboration, as it is seldom shown that a national govern-
ment – in this case the Dutch Minister of Agriculture, Nature and 
Food quality – directs such a program with external partners. 

The TPI program consists of eleven partners, who jointly give 
practical substance to the program. Recently the partners have ad-
opted “Better predictions without lab animals” as their mission. 
During the past four years, we achieved various milestones. With 
these experiences in mind, the Netherlands, with TPI, wants to be-
come a catalyst country in the (inter)national transition towards 
NAMs. 

Key elements that bind partners to TPI are its multidisciplinary 
network, knowledge sharing, the positive directed mission and 
the acknowledgement of each other’s differences. A transition re-
quires changes at various fields and levels, therefore innovation as 
well as collaboration between stakeholders (e.g. validation road-
map and knowledge agenda), involving early-career students and 
researchers (Young TPI), communication and adaptions in ed-
ucation are vital. Furthermore, acceptance of NAMs need to be 
achieved by European and worldwide adoption. Hence our ambi-
tion to act as a catalyst for the development of NAMs. However,  
we will not realise that ambition succesfully if partnerships are 
missing. This is why we reach out for you.
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The SARA-ICE model for predicting 
skin sensitizer potency
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gavin.maxwell@unilever.com 

The Skin Allergy Risk Assessment-Integrated Chemical Environ-
ment (SARA-ICE) model is a probabilistic defined approach (DA) 
that provides a weight-of-evidence point of departure (PoD) and 
GHS potency prediction for use in skin sensitization assessments. 
SARA-ICE is constructed within the Bayesian statistical frame-
work using data sourced from the Integrated Chemical Environ-
ment (https://ice.ntp.niehs.nih.gov/), Unilever SARA publications, 
and Cosmetics Europe. SARA-ICE predicts a human relevant 
PoD: the ED01, the dose with a 1% chance of inducing sensitiza-
tion in a human predictive patch test (HPPT). The PoD can be cal-

593

Animal-free science education and 
training in Brazil and LATAM
Marize Campos Valadares 
Laboratory of Education and Research in In Vitro Toxicology – Tox In – 
Pharmacy Faculty, Federal University of Goiás, Brazil 

marizeufg@gmail.com 

The Law 11,794/2008 was a milestone for the regulation of activ-
ities related to the use of animals in scientific experimentation and 
education in Brazil/LATAM. This law supported the creation of 
the National Council for the Control of Animal Experimentation, 
for monitoring and introduce alternative to animal testing. In 2011, 
we hosted the first International hands-on workshop of alternative 
methods in Brazil. The Brazilian National Network of Alterna-
tive Methods (RENAMA), established in 2012, is currently com-
posed of 51 laboratories from CROs, academia, industry, and gov-
ernment. The RENAMA proposes the development and training/
education on alternative methods, reducing LATAM dependence 
on external technology. In 2015, the Regional Platform of Alter-
native Methods to the Use of Animals (PReMASUR) was created 
to run the education and training activities, including Argentina, 
Brazil, Paraguay and Uruguay. Here, we present the example of 
the Laboratory of Education and Research in In vitro Toxicology – 
FF/UFG, Brazil, member of RENAMA/PReMASUR, which since 
2004 has introduced new in vitro scientific concepts to undergrad-
uate and graduate students of innovation in Pharmaceutical Sci-
ences. Over 110 undergraduates and more than 45 MSc/PhD stu-
dents per year are introduced to new paradigms in Toxicology for 
a new Science based on human biology, without suffering and pain 
to animals. Professionals, scientists and regulators from Brazil and 
LATAM were also trained in NAMs by our team (in-person lec-
tures, networking opportunities, online webinars, hands-on dem-
os). The current paradigm is ingrained in students and education/
training is the basis for a shift in thinking beyond animal models.
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Accelerating animal free-innovations: 
Milestones and lessons learned 
in the Dutch transition program
Erica van Oort, Monique Janssens, Judith van Luijk 
and Eelco Ronteltap 
Ministry of agriculture, nature and food quality, The Netherlands 

e.vanoort@minlnv.nl 

The transition from animal experiments to non-animal methods 
(NAMs) is an exceptionally complex challenge that needs com-
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implementation of the platform, such as setting performance cri-
teria, regulatory acceptance and education and training. Through 
active involvement of academic, regulatory, industrial and societal 
partners covering the entire innovation chain, we are developing a 
new framework to determine the safety of chemicals and pharma-
ceuticals to protect human health solely based on human biology. 
While working together with other initiatives, like the European 
projects of the ASPIS cluster, VHP4Safety will accelerate the tran-
sition to animal-free safety assessment. 

This project (www.vhp4safety.nl) is funded by Dutch Research  
Council (NWO): NWA-ORC 1292.19.272.
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Dissemination of science: Animal-
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Significant progress has been made globally over recent years in 
advancing the science to underpin non-animal cosmetic safety as-
sessment. In addition, restrictions on animal testing of cosmetics 
and cosmetic ingredients are expanding geographically every year. 
These advances are leading to the need for building capability and 
capacity for completely animal-free safety assessment of consum-
er products amongst the regulated and regulatory communities. 

Achieving a confident risk assessment of a consumer product or 
ingredient without data from new animal testing requires a novel 
approach to the assessment as well as integration of several types 
of in silico and in vitro data. It is important to build this confidence 
in the requisite methodologies based on experience. Toward this 
aim, an in-depth educational program has been developed by the 
AFSA (Animal-Free Safety Assessment) Collaboration, an ambi-
tious partnership of NGOs and industry. The course covers the risk 
assessment process from beginning to end in 8 modules: Problem 
formulation, Consumer Exposure, Exposure-based Waiving, His-
tory of Safe Use, In silico Tools & Read-Across, Internal Expo-
sure: Dosimetry, In vitro Data Synthesis, and the Overall Risk As-
sessment. A ninth module covers the global regulatory landscape 
for cosmetics and chemicals. Here we present short overviews of 
each module; the entire course is available as a free, online self-
paced course (www.AFSAcollaboration.org).
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culated using data from HPPTs, local lymph node assays (LLNA), 
and new approach methodologies (NAMs). For a chemical of in-
terest, the model returns the probability of each GHS classification 
conditional on the distribution of the ED01. We used the OECD 
DA for Skin Sensitisation (TG 497) reference data set to evalu-
ate SARA-ICE for GHS classification accuracy. Using a probabil-
ity of 0.8 as the binary classification criterion, balanced accuracy 
was 97% for conclusive calls relative to human classifications, but 
36% of chemicals had inconclusive calls. Using a probability of 
0.55 for the subcategory classification criterion, average balanced 
accuracy was 85% for conclusive calls versus human classifica-
tions. A case study on isothiazolinones demonstrated that SARA-
ICE performed well, correctly identifying these broad-spectrum 
preservatives as sensitizers. SARA-ICE will be made freely avail-
able online, enabling users worldwide to easily predict human skin 
sensitization potency without animal testing and supporting proba-
bilistic risk assessment applications. 

This project was partially funded by NIEHS under Contract No.  
HHSN273201500010C.
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assessment (VHP4Safety)
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cyrille.krul@hu.nl 

The VHP4Safety project aims to protect human health and im-
prove the safety assessment of chemicals and pharmaceuticals 
without the use of animals. Three case studies are designed to in-
corporate human relevant scenarios to discriminate vulnerable 
groups that are not addressed in animal studies. These include dis-
ease state (kidney failure) upon exposure to pharmaceuticals, life 
course exposure to pesticides and neurodegeneration and differ-
ences in sex and age upon exposure to chemical substances in the 
development of thyroid-mediated brain development. Several da-
ta sources, e.g. data on human physiology, chemical characteris-
tics, existing (omics) data, epidemiology data, toxicokinetic and  
-dynamic parameters, are integrated within Adverse Outcome 
Pathway (AOP) networks together with data generated from in vi-
tro assays representing key events in the AOPs. These data feed 
into the VHP4Safety in silico platform built on tools and services 
such as PBPK, machine learning and knowledge driven analysis. 
We will present the contours of the VHP4Safety platform, case 
study workflows that feed the platform and activities towards the 
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nated by a European network. A sort of a dynamic bottom-up ap-
proach, re-enforcing during the curricula the knowledge on NAMs 
and Replacement, through a harmonized European perspective, to 
find a new common and coherent direction to implement courses 
in academia to form future European aware experts not only in sci-
ence, but in all the activities intertwined to the 3Rs, like communi-
cation, ethics, innovation, policy, regulation and others. 

A first basic and unique 3R course will have to be expected in 
the first year of all university curricula both related to Life Scienc-
es (LS) and Human/Social Sciences (HSS), followed by a second 
dedicated course at the third year of LS curricula, i.e. Animal Sci-
ence, Biology, Biotechnology, Chemistry, Environmental Scienc-
es, Medicine, Physics, Veterinary Medicine etc. and HSS curricula 
i.e. Economy, Law, Philosophy, Political Sciences etc. Two specif-
ic master’s degree on 3Rs (2 years) could be hypothesized for sci-
entific career in LS, and another one in humanities. PhD courses 
will have to include a didactic activity of minimum 4 to 20 hours 
per year on 3Rs, in relation to the discipline. The harmonizing role 
of the European network on Three Rs Education in university be-
tween the different national realities, will work respecting and em-
phasizing the aspect of multidisciplinarity, interdisciplinarity and 
intersectionality.
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Enhanced caging standards for rats: 
Effects on welfare and historical data
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luciamendola@gmail.com 

Recently published guidelines from the Canadian Council on An-
imal Care (CCAC) mandate that laboratory rats be housed in cag-
es that allow them to stand upright and perform vertical stretch-
es; behaviours that are restricted by the height of currently used 
standard cages. Taller cages may improve rat welfare but could 
influence historical scientific data and impose operational con-
straints on staff. To assess the effects of taller cages, forty-eight 
Sprague-Dawley rats (24 female and 24 male) were housed for  
3 months in either standard (20 cm tall) or taller cages (32 cm tall); 
taller cages also contained a loft. There were no differences in anhe-
donia (F1,12 = 0.06, p = 0.81), weight gain (F1,12 = 0.42, p = 0.53)  
or glucose levels (F1,12 = 0.89, p = 0.37); female rats in taller cag-
es showed higher red blood cell counts than female rats in standard 
cages (p < 0.05). The time it took staff to weigh animals and per-
form cage changes was similar between cage types. Staff found the 
taller cages to be heavier and more difficult to handle than the stan-
dard cages, but most were pleased with the perceived beneficial ef-
fect of the taller cages on rat welfare. Our results indicate that the 
transition to a taller cage that meets the CCAC guidelines is fea-
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Accelerating the transition to  
animal-free safety assessment:  
What can we learn from  
the cosmetics animal testing bans?
Gavin Maxwell, Julia Fentem, Ian Malcomber and Carl 
Westmoreland 
SEAC, Unilever, United Kingdom 

gavin.maxwell@unilever.com 

Animal-free safety science has advanced a great deal in the twen-
ty first century. Investment in New Approach Methodologies 
(NAMs) and Next Generation Risk Assessment (NGRA) ap-
proaches have enabled significant progress in replacing regulato-
ry animal tests and a global paradigm shift in chemical regulatory 
testing is now well underway, catalysed by a succession of cosmet-
ic product and ingredient animal testing bans. 

We have collectively learnt that combining NAM data with ex-
posure information using computational approaches enables us to 
set, and assess against, more meaningful human and environmen-
tal protection goals. Consequently, it has become clear that transi-
tioning to animal-free NAMs and NGRA approaches can help us 
better protect people and our planet, support sustainable chemical 
innovation, and replace animal testing. 

So where are we today? After two decades of rapid progress, we 
find ourselves at a tipping point as we collectively transition from 
early adoption to widespread use of NAMs and NGRA for chem-
ical safety assessment. This talk will review what we have learnt 
from widespread Cosmetics Industry adoption of animal-free 
safety science, discuss the current global state-of-the-science for 
use of NAMs and NGRA approaches for Chemical Safety Assess-
ment, and share a perspective on how we can accelerate the transi-
tion through a renewed focus on education and training.
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Advancing Three Rs uptake  
in university education through 
a European network
Francesca Caloni 
Università degli Studi di Milano, Italy 

francesca.caloni@unimi.it 

The new advanced methodologies in Three Rs Education in Uni-
versities, require a mandatory integrated teaching strategy, with a 
multistep vision, from bachelor to master’s degree to PhD, coordi-
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The effect of environmental 
enrichment on anxiety-like responses 
of mice: A systematic review
Lucia Amendola, Nicholas deGoutiere and Daniel M. 
Weary 
University of British Columbia, Canada 

luciamendola@gmail.com 

Laboratory mice are commonly housed in shoebox cages; this hous-
ing is associated with restricted expression of natural behaviour 
and a high incidence of abnormal behaviour. More enriched envi-
ronments can promote positive and reduce negative affective states 
(e.g., anxiety, depression, boredom), but variability across studies 
in the type of environmental enrichment used, duration of expo-
sure and other methodological aspects, make it difficult to devel-
op recommendations. To better understand the available evidence, 
we reviewed environmental enrichment studies that assessed anxi-
ety-like behavioural responses in the elevated plus maze and open 
field test. We used a literature search of MEDLINE and Web of 
Science and retained 25 out of 186 studies for data extraction and 
estimation of the standardized mean differences between interven-
tion and control conditions. In the elevated plus maze, we found 
that 50% of enrichment interventions had a medium to large pos-
itive effect in the time spent in the open arms (i.e., decreased anx-
iety). Differences were noted between strains and sex, with larg-
er effects on C57BL/6J than BALB/c and males than females. In 
the open field test, we found that 30% of the interventions had a 
medium to large positive effect in the time spent in the center of 
the arena (i.e., decreased anxiety); but open field-testing arena size 
and test time were highly variable across studies. We conclude that 
enrichment interventions, especially those that used a combination 
of features, including running wheels, ladders, tubes, and shelters, 
consistently reduced anxiety-like responses in mice.
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sible without compromising historical scientific data, and despite 
requiring more effort, staff are generally satisfied with the welfare 
benefits provided by these taller cages.
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PRIVAT: A peer review tool for 
appraising in vitro studies
Sebastian Hoffmann1,2, Carlijn Hooijmans3, Nikki 
Osborne4 and Paul Whaley5,6 

1Evidence-Based Toxicology Collaboration, Germany; 2seh consulting 
+ services, Germany; 3Radboud University Nijmegen Medical Centre, 
The Netherlands; 4Responsible Research in Practice, United Kingdom; 
5Evidence-Based Toxicology Collaboration, United Kingdom; 6Lancaster 
University, United Kingdom 

sebastian.hoffmann@seh-cs.com 

With the increasing use of in vitro systems for risk assessment – 
as well as basic and translational research – comes the increasing 
submission of manuscripts describing in vitro experiments to a 
wide array of journals and the need for peer reviewers to have suf-
ficient expertise to properly assess these studies for scientific pub-
lication. However, peer review of in vitro studies faces some chal-
lenges, and the current process is not consistently effective when it 
comes to ensuring published studies are sufficiently scientifically 
robust. We have developed a Peer-Review In vitro Appraisal Tool: 
PRIVAT. PRIVAT provides a structured process for making peer 
review of in vitro studies more comprehensive, useful, and trans-
parent. We describe the development of PRIVAT, its capabilities, 
and how researchers can use the tool to improve the quality and 
community value of their peer-review comments. It is one con-
tribution of the Evidence-based Toxicology Collaboration to im-
prove manuscript peer-review and, ultimately, the publishing pro-
cesses in toxicology.
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The ToxTracker assay was evaluated in a large international in-
ter-laboratory validation study, approved by the OECD. The goal 
of this prospective validation study was to explore the applicabili-
ty of ToxTracker for regulatory applications, establish the transfer-
ability and reproducibility of the assay and to explore how it can 
be applied to improve the in vitro genotoxicity testing strategies. 
The validation has been conducted strictly following OECD guid-
ance document 34. 

ToxTracker was transferred to seven laboratories. The valida-
tion labs were trained to perform the assay and tested a training set 
of compounds to show their proficiency to run ToxTracker. Next, 
the labs evaluated a selection of 64 coded, well-established geno-
toxic and non-genotoxic chemicals with each compound being 
tested in three labs independently. The accuracy to predict geno-
toxicity was 89%. Also, the intra- and inter-laboratory reproduc-
ibility were determined. The mechanistic information that was 
provided by ToxTracker was used to gain insight into the MoA 
of genotoxic compounds and to explain positive results from the 
standard in vitro genotoxicity assays.
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The three pillars of ethical research 
with nonhuman primates
L. Syd Johnson 
Upstate Medical University, United States 

johnsols@upstate.edu 

This talk provides an overview of a novel “Three Pillars” approach 
to research with nonhuman primates: Harmonization, Replace-
ment, and Justice. Harmonization entails protecting all primates 
(human and nonhuman) similarly by harmonizing research ethics, 
regulations, and guidelines, particularly those focused on children 
and incarcerated or institutionalized humans. Replacement builds 
on the goals stated in the 3 Rs and calls for the replacement of non-
human primates in research with human-biology-based methods, 
rather than simply shifting research onto other nonhuman animals. 
Justice models the approach used in the Belmont Report and de-
fines justice as the fair selection of research subjects: based on sci-
entific necessity rather than on convenience. The focus on harmful 
research involving captive nonhuman primates is motivated in part 
by trends that show increasing use within several areas of harmful 
research, including neuroscience and vaccine development, and 
by efforts within the scientific community to address a so-called 
shortage of nonhuman primates through the creation of a “strategic 
monkey reserve” and demands for additional government funding 
for breeding facilities. The Three Pillars approach provides a path 
forward and away from the use of nonhuman primates in harmful 
research.
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OECD validation of the 
ToxTracker assay for genotoxic 
mode of action assessment
Giel Hendriks 
Toxys, The Netherlands 

g.hendriks@toxys.com 

ToxTracker is a mammalian stem cell-based reporter assay that de-
tects activation of specific cellular signaling pathways upon chem-
ical exposure. ToxTracker contains six different GFP-tagged re-
porter cell lines that together allow the accurate identification of 
genotoxic substances and discrimination between induction of 
DNA damage, oxidative stress and/or protein damage in a single 
test. More recently, the assay was extended to allow the discrimi-
nation between clastogenic and aneugenic compounds. 
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sessments before deciding whether additional mammalian toxic-
ity studies are needed. This presentation will focus on the value 
of cheminformatics data to predict potential in vitro results and/or 
select relevant NAMs. A few case study chemicals will be used to 
illustrate the utility of mechanistic predictions (e.g., acetylcholine 
receptor interaction, mitochondrial inhibition). In addition, critical 
stages of development and gestational stage warrant consideration 
to better understand the sensitivity of assay endpoints and impacts 
on toxicokinetics. This presentation will identify some points to 
consider when integrating data streams to screen chemicals for 
DNT potential and how this may aid in subsequent decisions for 
follow-up DNT testing.
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Reagent responsibility:  
IACUC assessment of research tools
Katherine Groff 
PETA Science Consortium International e.V., United States 

katherineg@thepsci.eu 

Researchers are increasingly agreeing on the scientific and ethical 
advantages of animal-free reagents, including animal-free recom-
binant antibodies and chemically defined cell culture media. How-
ever, implementing a transition to these reagents is complicated 
due to reagent availability, time and resources involved in the use 
of new reagents, and the lack of widespread awareness of non-an-
imal options. The presentation discusses the role that Institutional 
Animal Care and Use Committees (IACUCs) have in addressing 
these barriers to implementation. 

The Animal Welfare Act and the Guide for the Care and Use 
of Laboratory Animals require and encourage, respectively, that  
IACUCs consider alternatives to animal use. It is important that 
reagents are assessed during protocol reviews and that assessment 
criteria are kept updated. An increasing number of research an-
tibodies are available animal-free or without ongoing animal use 
for production, and there is growing availability of animal-free 
cell culture media. In order to sustain and expand the availabili-
ty of non-animal reagents, oversight bodies such as IACUCs have 
a central role in assessing the purchase and in-house development 
of antibodies and cell culture media, educating researchers on ani-
mal-free options, and guiding researchers to resources to success-
fully transition to animal-free reagents. Examples will be provided 
on how IACUCs can address the use of reagents in research proto-
cols and, on a larger scale, within their institutions.
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Linking exposure to effect:  
The role of toxicokinetics in ASPIS
Sylvia Escher 
Fraunhofer ITEM, Germany 

sylvia.escher@item.fraunhofer.de 

One key aspect of the next generation risk assessment approach 
is the comparison of external human exposure to the hazard val-
ues derived from relevant new approach methods (NAMs). In the  
ASPIS cluster, RiskHunt3R, OnTox and PrecisionTox are devel-
oping complementary in vitro as well as in silico tools and ap-
proaches to characterize the absorption, distribution, metabolism 
and elimination (ADME) of the compounds. The ASPIS kinet-
ic working group aims to integrate these approaches into ASPA 
(ASPIS Safety Profiling Algorithm) based on a well-defined prob-
lem formulation. This talk introduces the current modular assess-
ment elements contributing to the ASPA kinetic framework with 
regard to the assessment of aggregated exposure, the integration 
of absorption and metabolism into in vitro to in vivo extrapola-
tion (IVIVE) and the application of in vitro biokinetic modelling 
approaches. The learning from the case studies will be used to re-
fine and improve ASPA, in particular to define more concretely 
the criteria that will guide the analysis from a first to a higher tier 
of evaluation.
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Early screening using 
cheminformatics in an integrated 
assessment for neurotoxicity/
developmental neurotoxicity
Sue Marty 
Dow, Inc., United States 

msmarty@dow.com 

A battery of assays to screen substances for developmental neuro-
toxicity (DNT) potential is being developed and evaluated. This 
battery is based on new approach methods (NAMs) for key neu-
rodevelopmental events (e.g., neuronal migration, neuronal differ-
entiation), but these data should be contextualized in an “Integrat-
ed Approach to Testing and Assessment” (IATA) with addition-
al information such as read-across/QSAR data, toxicokinetics (in  
vitro-to-in vivo extrapolation), and possibly alternative in vivo as-
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cies, including mice and humans. As test systems might capture 
different drivers of activity, they might vary in their sensitivity to 
reflect impaired welfare. In a mouse model of acute colitis, we uti-
lized three different home-cage-based activity measurement tech-
niques – voluntary wheel running behavior (VWR), telemetry, 
and impedance-based locomotion measurement. Data science ap-
proaches were applied to enable objective grading of welfare in 
these mice. Here, we compare the outcomes and bring them into a 
broader view of routine welfare assessment. 

All three activity-based measures revealed reduced activity 
during colitis. Compared to model-specific clinical scoring (in-
cluding stool consistency), they were equally or more sensitive to 
detecting impaired welfare. In the VWR approach, k-means clus-
tering of the data enabled the assignment of mice into three dis-
tinct severity levels. Impedance-based monitoring using a digi-
tally ventilated rack system revealed subtle changes in activity. A 
binary classifier enabled categorization into severity classes. Like-
wise, diminished activity was observed by telemetry. The assess-
ment tool RELSA revealed activity to be one of the most valu-
able parameters in this model and categorized severity on a rela-
tive scale using telemetric data. 

All approaches displayed here were validated in model systems. 
The data science tools are publicly available. Sensitivity, applica-
bility, possibilities, and challenges associated with these methods 
will be discussed.

Presentation: Oral

628

Academic transition lessons: 
Involving stakeholders,  
time trials, and breeding results
Elizabeth Nunamaker1,2 
1Charles River Laboratories, United States; 2North American 3Rs 
Collaborative, United States 

elizabeth.nunamaker@crl.com 

Refined mouse handling (a method of picking up mice with a tun-
nel or cupped hands) is a well-documented refinement that demon-
strably improves mouse welfare as compared to traditional meth-
ods. Although many research facilities in the UK and Europe have 
switched to using refined handling methods, adoption and imple-
mentation rates in North America remain low. Our objective in this 
project was to transition one large academic institution in the USA 
to switch to refined handling methods through strategic processes 
and conducting key internal studies. 

Throughout the process, key stakeholders were involved to gen-
erate buy-in and gradually make the transition. In one internal 
study, we collected self-reported time required to perform routine 
husbandry procedures with and without refined handling methods. 
In an additional internal study, we performed a randomized con-
trolled trial to examine the effects of a standard method of han-

620

Initiatives from the European 
Commission to  
promote animal-free research
Christian Desaintes 
European Commission, Belgium 

christian.desaintes@ec.europa.eu 

The European Commission, through its Research and Innovation 
Framework Programmes (FPs), has been a major supporter of al-
ternatives to animal testing. During the last two decades, above 
EUR 1 billion have been dedicated to support more than 300 proj-
ects to develop a variety of human-relevant non-animal methods 
and strategies. Some of these tools are currently being used in the 
pharma industry or for regulatory purposes. The budget to this area 
has constantly progressed over the years. In FP5 (1998-2002), the 
annual budget dedicated to this area was on average around EUR  
11 million. It tripled from FP5 to FP6 (2002-2006), increased by 
50% from FP6 to FP7 (2007-2013) and by 60% from FP7 to Hori-
zon 2020 (2014-2020). The annual budget for alternatives to animal 
testing during Horizon 2020 represents more than EUR 75 million 
per year on average. In addition, industrial sectors have comple-
mented this effort by providing at least an additional EUR 150 mil-
lion. Since FP7, with the establishment of the European Research 
Council (ERC), the number of projects on alternatives led by early 
career researchers has significantly increased. The further develop-
ment of alternatives to animal testing is being pursued in the Hori-
zon Europe Framework Programme for research and innovation 
that runs from 2021 to 2027. The 2024 Horizon Europe work pro-
gramme contains several topics for the development and use of al-
ternatives to animal testing in biomedical research or for increasing 
the confidence in New Approach Methodologies (NAMs).
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Insights from the home cage: 
Data science-driven activity 
analysis enables sensitive welfare 
assessment in colitis models
Christine Häger, Steven R. Talbot and André Bleich 
Hannover Medical School, Institute for Laboratory Animal Science, 
Germany 

bleich.andre@mh-hannover.de 

Welfare assessment of animals used in biomedical research is 
mandatory from an ethical and scientific point of view. It is well 
established that impaired welfare reduces activity in various spe-
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Industry implementation of  
refined mouse handling:  
A roadmap, challenges, & solutions
Erin Straley 
AstraZeneca, United States 

erin.straley@astrazeneca.com 

Global pharmaceutical companies are often tasked to ensure proce-
dures and processes are harmonized across the global stage to en-
sure results are comparable. These procedures include methods of 
animal handling. In the United Kingdom, refined methods for pick-
ing up mice via a tunnel or cupped hands have become widespread 
in animal research. In turn, our objective was to facilitate our large 
USA-based mouse facility to transition to these refined methods in 
a one-year span. 

Our strategy included utilizing external experts and a gradual 
transition that began with husbandry and technical support staff be-
fore engaging researchers. Informal feedback and formal yearly sur-
veys were gathered from staff. 

As a result, 45% of survey respondents in 2022 report using re-
fined handling over 90% of the time, which is an increase of 4% from  
2021. Additionally, barriers were identified and solutions created to 
issues involving water valve flooding, obese mice, and aversion to 
the tunnel. Furthermore, we found that although some users do not 
like the tunnel, that many prefer cupping or “opportunistic” handling. 

In conclusion, we found key challenges and solutions in transi-
tioning a large pharmaceutical facility to refined mouse handling. 
Ultimately, a slow, strategic transition and constantly taking in feed-
back are strategies for the widescale practical implementation of re-
fined mouse handling.
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Transcriptomic points of departure 
for fertilized Japanese quail  
embryos exposed to seven pesticides  
using the EcoToxChip test method
Niladri Basu, Yanan Zhang, Aimen Akbar, Ke Xu, Emily 
Boulanger and Jessica Head 
McGill University, Canada 

niladri.basu@mcgill.ca 

Transcriptomics dose-response analysis (TDRA) has emerged 
as a promising approach for integrating toxicogenomics data in-
to risk assessments. Here we combine an early life stage (alter-

dling (tail-lift with forceps) versus refined handling with transfer 
tunnels on breeding performance in 60 C57BL/6J mouse pairs. 

We found that using refined handling did not increase time re-
quired to perform routine husbandry. Additionally, breeders pro-
duced significantly more mouse pups. Ultimately, as a result of 
strategic stakeholder involvement, these data, and projected cost 
savings due to production increases, we succeeded in persuading 
facility management to incorporate refined handling as standard of 
care across the institution.
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Achieving an animal-free 
product safety assessment
Richard Currie1, Doug Wolf 2, Anna Shulkin3, Natalia 
Ryan2, Tharacad Ramanarayanan2, Haitian Lu2, 
Angela Hofstra3, Amber Goetz2, David Dreier2, Odette 
Alexander2 and John Abbott2 
1Syngenta Ltd, United Kingdom; 2Syngenta Crop Protection, LLC, United 
States; 3Syngenta Canada Inc., Canada 

david.dreier@syngenta.com 

Pesticides are some of the most strictly regulated and tested chem-
icals, requiring over 8,000 animals for human safety and another 
2,000 animals for ecological safety. Syngenta is developing an ap-
proach to generate the necessary information to meet the regula-
tory requirements for a new pesticide registration without the use 
of chemical-specific vertebrate tests. A case study applying exist-
ing modern scientific conceptual frameworks was used to identify 
and characterize the dose-range over which potential adverse effects 
may occur, relative to the anticipated exposure from proposed uses 
of a new AI. This informs a determination on whether these frame-
works meet risk assessment needs for human health and vertebrate 
ecotoxicology and identify where further development of new ap-
proaches for compound-specific data generation are required. We 
began with a case study for a new active ingredient with high read-
across potential, based on membership of a well understood pesti-
cidal MOA: e.g. an ACCase inhibitor herbicide. This demonstrated 
that safety data can be curated and analyzed to provide an appropri-
ate human health and vertebrate ecological hazard characterization 
for the purpose of risk assessment. We further explored its possible 
extension to crop protection chemicals with less extensive existing 
exemplar datasets and highlight the identified uncertainties and gaps 
that will require additional new approaches. In addition to an over-
view of the scientific methods to address the key knowledge needs 
without the use of chemical-specific vertebrate tests, a possible 
structure for the registration package of the future will be presented.
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genetic signals (FGF, BMP, NODAL, ATRA, CDX). Executing the 
model renders a quantitative cell-level computation for mechanistic 
evaluation of mesodermal subpopulations. Consequences of pertur-
bation were shown, for example, on posterior mesoderm cell mass 
that gives rise to most hemangiogenic precursors in the yolk sac 
blood islands. Interfering with the signaling network produces ef-
fects mirroring those reported in experimental mouse embryology, 
with 50% reductions in both FGF4 and BMP4 signaling resulting in 
88% and 63% reductions, respectively, in the posterior mesodermal 
population. This cell agent-based model integrates signaling cas-
cades, ToxCast chemical bioactivity data and known embryology 
to mechanistically predict altered phenotypes through the resulting 
mesodermal topography in the animal-free zone. 

This abstract does not necessarily reflect USEPA policy.
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Unbroken physioxic conditions  
for reproducible,  
predictive in vitro human models
Alicia Henn, Shannon Darou, Yan He and Randy 
Yerden 
BioSpherix, United States 

ahenn@biospherix.com 

Nobody ever writes, “Expose cells to non-physiologic room air 
conditions for variable lengths of time,” into their protocols, but 
that is exactly what is done in traditional room air labs and even 
cleanrooms. The replacement of animal models with New Ap-
proach Methodologies (NAMs) requires in vitro human-centered 
models that are reproducible and predictive of human physiolo-
gy. Supraphysiologic room air oxygen is an invisible problem that 
adds redox stress to cultures and adds artifact into toxicological 
assays. We have developed Cytocentric technology that can main-
tain constant O2, CO2, temperature, and relative humidity around 
cultures at all times, even during handling. HIF-1a, upstream of 
signaling pathways for cell proliferation and differentiation, is a 
key regulator of the cellular response to oxygen changes. Here we 
present data showing that constant physiologic oxygen prevented 
HIF-1a modulation in human MSC in contrast with convention-
al room air incubation and handling. We found improved MSC 
yields, increased proliferation rates, and extended active passage 
numbers. Because cells and tissues have a history, cell and tissue 
culture conditions need to be controlled not only during the assay, 
but upstream as well. Controlling cell conditions to constant, phys-
iologic levels is a practical way to improve reproducibility and 
predictive power for NAMs and all human cell-based tox assays.
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native to animal) avian embryo test and a targeted qPCR array  
(EcoToxChip; n = 384 genes of relevance to environmental toxicol-
ogy) to determine if 1) transcriptomics points of departures (tPOD) 
can be derived from this test system; and 2) the tPOD values are 
protective of levels associated with adverse outcomes. Fertilized, 
unincubated Japanese quail (JQ) eggs were injected with graded 
concentrations (100, 32, 10, 3.2, 1, 0.32, 0.1 µg/g egg plus DMSO  
control) of 7 pesticides: carbofuran, chlorpyrifos, endrin, ethopro-
phos, glufosinate ammonium, permethrin, and trichlorfon. Phe-
notypic endpoints including mortality, infertility, embryo mass, 
and deformity (presence of fatty liver) were assessed at embry-
onic day 9. Gene level BMDs (benchmark dose) were derived for 
each chemical. While there were relatively few gene-level BMDs  
(< 25 per chemical), they were lower than levels associated with 
adverse outcomes. Further, for all test chemicals, investigation of 
gene- and pathway-level results concurred with expected mech-
anisms of action. Finally, two of the chemicals were repeated and 
yielded similar results, thus giving confidence to the test method. In 
conclusion, the EcoToxChip Test Method can yield gene level BMD 
values that are protective of levels associated with adverse out-
comes, and also give insights into mechanisms of action. However, 
derivation of tPODs may be challenging with the reduced gene set 
provided by EcoToxChip thus necessitating more work in this area.
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Engineering a computable 
epiblast for in silico modeling 
of developmental toxicity
Kaitlyn Barham1,2, Richard Spencer2,3, Nancy Baker2,4, 
Kelly Carstens2,5 and Thomas Knudsen2,5 

1Oak Ridge Associated Universities, United States; 2US EPA, United 
States; 3General Dynamics Information Technology, United States; 4Leidos, 
United States; 5Center for Computational Toxicology and Exposure, United 
States 

knudsen.thomas@epa.gov 

The developmental potential of human pluripotent stem cells  
(hPSCs) in culture closely resembles the “epiblast” during gastrula-
tion. ToxCast provides in vitro bioactivity data on over 1000 chem-
icals from a hPSC assay that predicts developmental toxicity with 
~80% balanced accuracy (Zurlinden et al., 2020). Computer mod-
eling of the epiblast in 3D would parallel the utilization of Tox-
Cast data to track cellular trajectories during simulated chemical 
exposure. We engineered a fully computable model of the epiblast 
using the CompuCell3D that simulates primitive streak formation, 
epithelial-mesenchymal transition of epiblast cells, and self-organi-
zation of mesodermal domains (chordamesoderm, paraxial, lateral 
plate, posterior/extraembryonic). Determination of progenitor cell 
fate is dependent upon positional information and temporal colin-
earity of a HOX clock regulated by a control network of morpho-
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ital evidence it generates is frequent used in the regulatory dos-
siers. It is also increasingly finding its way into the clinical practice 
in the form of planning services and clinical decision support sys-
tems. However, most of the solutions that are currently commer-
cially available are single-organ solutions, often focusing on a sin-
gle spatiotemporal scale. The EDITH coordination and support ac-
tion, funded by the European Commission, is proposing a roadmap 
to allow the development of the integrated virtual human twin. It 
has brought together the entire ecosystem, meaning all stakehold-
ers (academia, industry, healthcare professionals, regulatory agen-
cies, HTA, patients and payers) from software, hardware, devices 
and pharma backgrounds, to identify the research challenges and 
required infrastructure that will facilitate the integration of differ-
ent models, algorithms and data sets across different organ systems 
and spatio-temporal scales. The required efforts do not pertain on-
ly to the technology (interoperability, access etc.), but also to the 
ethical, social and legal frameworks, as well as the stakeholder and 
perspectives, and the sustainability (through public and private ini-
tiatives). Given the systemic and multi-scale nature of many tox-
ins, the virtual human twin infrastructure can become an import-
ant asset for the further development of in silico toxicology solu-
tions. The roadmap can be accessed from August 2023 onwards on 
www.edith-csa.org.
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Overcoming mindset as  
a barrier to implementing change
Nicola Osborne 
Responsible Research in Practice Ltd, United Kingdom 

nikki@responsibleresearchinpractice.co.uk 

Mindset has been reported to be a common barrier that needs to be 
overcome when it comes to delivering cultural change within the 
laboratory animals sciences. This is because an individual’s mind-
set can influence their willingness to consider and accept different 
ways of working and their ability to implement change. It can also 
affect the local research culture as we are all influenced by what we 
hear and see going on around us. In this presentation I will discuss 
how awareness of mindset traits, triggers and behaviours can help 
individuals develop their mindset to fulfil their research potential. 
Educators, mentors, and supervisors can learn to identify mindset 
characteristics in others so that they can offer the support or guid-
ance that individuals need to develop behavioural traits beneficial 
to themselves and others working around them. Research groups, 
institutes and organisations can use mindset awareness to enhance 
the local research culture, but also to inform discussions and de-
cisions regarding how individuals’ behaviours are managed or re-
warded to facilitate change.
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Public policy: A key to 
driving scientific innovation 
and protecting animals
Kathleen Conlee 
The Humane Society of the United States, United States 

kconlee@humanesociety.org 

Public policy efforts serve as a key component of the work that 
must be done to advance scientific innovation, and eliminate out-
dated practices, to improve human health and safety and protec-
tion of animals. This work focuses on ultimately replacing the use 
of animals for biomedical research and testing of products, such 
as pesticides, chemicals, cosmetics, and drugs, with new approach 
methods that are more human-relevant and proving to be more ac-
curate than animal tests, such as microphysiological systems, or-
ganoids, in silico modeling and others. It is important to recog-
nize there are also numerous barriers to progress, including exist-
ing laws, regulations, and guidance that mandate, or essentially 
mandate, the use of animals in the United States and worldwide. 
There is historical evidence of how applying various public policy 
approaches has driven change in the United States and how stake-
holder involvement has been instrumental to these successes. Law-
makers not only pass laws but can ensure progress, accountability 
and continued financial support of government agencies with ef-
forts focused on advancing new approach methods. Government 
agencies are critical to removing barriers and ensuring develop-
ment and uptake of new technologies and approaches. A paradigm 
shift is needed, and it will take non-governmental organizations, 
the corporate sector, and the public to continue to act for meaning-
ful change. Real-life examples of how policy efforts at the federal 
and state levels in the United States have advanced this paradigm 
shift will be discussed.
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A roadmap from single organ models 
to the integrated virtual human 
twin in disease and toxicology
Liesbet Geris 
University of Liège & KU Leuven, Belgium 

liesbet.geris@uliege.be 

The last decade has seen an enormous growth in the generation 
and translation of in silico medicine technologies. Computer mod-
eling and simulation has become a routine tool in the development, 
de-risking and personalisation of medicinal products and the dig-
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A novel welfare primate welfare 
assessment tool for research primates
Carly O’Malley1, Emilie Paterson2, Dawn Abney1, 
William Archibald3 and Patricia Turner4 

1Charles River, United States; 2University of Guelph, Canada; 3Charles 
River, United Kingdom; 4Charles River/University of Guelph, Canada 

carly.omalley@crl.com 

Primates are important species in biomedical research and there-
fore we have an ethical obligation to provide good welfare. Sys-
tematic animal welfare assessments are important for ensuring con-
tinuous improvement of animal care and use programs. Through a 
multi-facility collaboration, a Primate Welfare Assessment Tool 
(PWAT) was developed to holistically assess primate welfare, re-
fine primate care through benchmarking of current programs and 
identifying areas of improvement, and setting new standards for 
optimal primate care. The PWAT was developed through internal 
focus groups with subject matter experts, identifying welfare cat-
egories and descriptors based on the primate literature, develop-
ing and testing of the tool, and finalizing the tool in a user-friend-
ly platform with automated data analysis and report creation. The 
tool includes input and outcome-based measures of welfare across 
6 categories: physical, behavioral, training, environmental, proce-
dural, and culture of care. The final tool consists of 133 descriptors 
measured at the room level, site level, and in personnel interviews. 
The final tool was rolled out to 13 sites for benchmarking in 2022. 
The overall scores ranged from 63-89.5%, demonstrating that the 
tool can successfully discriminate between different primate pro-
grams and identify strengths and areas for improvements at the in-
dividual site level and globally across sites. The results of the as-
sessment are being used to set priorities for primate care improve-
ment and to develop educational materials to address the global 
challenges with primate management. The assessment will contin-
ue to occur biannually to monitor changes over time and quantify 
the impact of refinements on primate welfare.
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Development of a 3D genotoxicity 
model for assessment  
of cosmetic formulations
Fiona Jacobs1, Josh Fredson1, Hannah Goldsby1, 
Michael Connolly1, Chloe Raffalli2 and Carol Treasure1 
1XCellR8, United Kingdom; 2LUSH, United Kingdom 

fiona.jacobs@x-cellr8.com 

A variety of in vitro assays exist to examine the genotoxic poten-
tial of compounds, however the application to real-life exposure 
is questioned. We show that 3D tissue models can be effectively 
combined with an in vitro animal-free genotoxicity screen, over-
coming insoluble formulations and with dosing that mimics re-
al-life application. This system allows investigation into whether 
potential genotoxic compounds can pass through a reconstructed 
skin barrier, and if so, remain genotoxic following exposure to skin 
metabolic enzymes. Furthermore, use of the animal-free Blue-
Screen test allows for identification of all 3 classes of genotoxins; 
mutagens, clastogens and aneugens. 

In summary, we created a co-culture system consisting of TK6 
cells and EpiDerm tissue models which was validated using a pan-
el of known genotoxic and non-genotoxic agents. Five concentra-
tions of each chemical were dosed onto the apical side of the tis-
sues for 48 h. TK6 cells were collected 48 h post-dosing and quan-
tified for genotoxicity and cytotoxicity measurements. 

Results show that the co-culture system was at least 70% con-
cordant with the results gained from a BlueScreen test and in-
depth analysis of metabolic profiles between human liver S9 and 
the EpiDerm tissue models explained the remaining differences. 
This demonstrates the greater physiological relevance of incorpo-
rating skin metabolism and a functional barrier to aid to model 
systemic genotoxicity following skin absorption. 

The test has been used to assess genotoxicity of final formula-
tions that don’t require dilution (e.g. hair dyes) mimicking real-life 
application to determine how the skin barrier can modulate geno-
toxic potential.
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Assessing the utility of  
in vitro assessment for acute 
inhalation toxicity
Angela Hofstra1, Alexander Charlton2, Elizabeth 
McInnes3, Robert Jackson4, Jonathan Oldach4 and 
Marie McGee Hargrove2 
1Syngenta Canada Inc, Canada; 2Syngenta Crop Protection LLC, United 
States; 3Syngenta LTD, United Kingdom; 4MatTek Corporation, United 
States 

angela.hofstra@syngenta.com 

Assessing acute inhalation toxicity from formulated products is 
important for ensuring safety for both workers and consumers. The 
most common assessments currently are in vivo inhalation studies 
in rodents. To replace animal testing, ensure regulatory acceptance 
and garner widespread use, alternative assessments must demon-
strate equivalent health protection, be relatively easy to imple-
ment, and be cost effective. 

In an initial study EpiAirway™, a commercially available func-
tional model of the human airway epithelium, correctly identified 
inhalation hazard categories of three suspension concentrate for-
mulations as having high, moderate, or low inhalation toxicity. 
Evaluation of irritation potential and tissue damage by transepi-
thelial electrical resistance (TEER), and histopathology assess-
ment were the most sensitive measures. 

To further assess the ability of EpiAirway™ to correctly cat-
egorize inhalation toxicity, five suspension concentrates and 
five emulsifiable concentrates were assessed and the protocol  
optimized. Exposure time was increased to four hours from three, 
 and a 20-hour recovery period added. Evaluations included 
TEER, LDH release, histopathology and (3-[4,5-dimethylthiazol- 
2-yl]-2,5 diphenyl tetrazolium bromide (MTT) viability. 

Under the conditions used EpiAirway™ consistently identified 
the formulation with respiratory irritation potential as having in-
halation toxicity. The results with other formulations required cor-
relation of findings across the assays, across concentrations and 
where applicable across time. Formulations with moderate to se-
vere eye irritation were over predicted as toxic by inhalation par-
ticularly at higher concentrations. Initial results are promising that 
EpiAirway™ could be optimized and used in a weight of evidence 
to characterize inhalation toxicity.
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A competency-based approach  
to teaching animal welfare & the 3Rs 
to research animal professionals
Carly O’Malley1, Sarah Thurston1, Judy Murray1 and 
Patricia Turner2 
1Charles River, United States; 2Charles River/University of Guelph, Canada 

carly.omalley@crl.com 

Comprehensive animal welfare education is vital to maintaining 
the highest standards of research animal care. Recognizing that 
most training was provided during the earliest stages of training, 
we realized there was a significant need to reinforce and enhance 
information provided through a high quality, virtual, competen-
cy-based certification program in Animal Welfare & the 3Rs. A 
certificate program was developed based on learner-centered ed-
ucational theory related to adult workplace education, virtual en-
gagement, and practical application. The program was developed 
using a competency-based learning framework, identifying the 
goals of the certificate program, using a gap analysis to identi-
fy needed skills, building competencies based on Bloom’s Three 
Domains of Learning to create a well-rounded applicable pro-
gram that helps learners build competency in cognitive, affective, 
and psychomotor domains. The program also incorporates back-
wards design and active learning principles, and learners will be 
asked to document their competencies in a portfolio. The pro-
gram is composed of 8 courses: Culture of Care, the 3Rs, Applied 
Ethics, Animal Welfare, Research Animal Welfare, Animal Wel-
fare Assessment, Humane Interventions, and Compassion Sci-
ence. The program will be interactive including weekly discus-
sions, reflections and assessments facilitated by a Course Instruc-
tor. By providing certification, we are empowering employees to 
advance animal welfare and 3Rs programs at their own sites and 
ensuring consistent training on these topics from subject matter 
experts to maintain high standards of care, even during times of 
employee turnover.
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decade, Interspecies Correlation Estimation (ICE) models, a pos-
sible NAMs, have gained scientific acceptance but have yet to be 
used for regulatory purposes. ICE models leverage existing data 
and describe mathematical relationships between pairs of species 
allowing toxicity predictions from surrogates to untested species. 
Predictions are used to improve assessments by developing Spe-
cies Sensitivity Distributions from a relatively small sample of em-
pirical data. In this work, we highlight key attributes of ICE mod-
els making them suitable NAM candidates and demonstrate their 
utility through several independent case studies. These case studies 
included hazard assessments of nonionic surfactants with a shared 
mode of toxicity, produced water from multiple offshore platforms 
with global distributions and chemical constituents in biocide for-
mulations used in offshore oil and gas operations. Collectively 
these and related case studies have consistently demonstrated that 
ICE models are a promising alternative to toxicity testing, and thus 
are potentially useful in reducing vertebrate testing and supporting 
hazard evaluations for chemicals with limited data. The latter has 
practical implications for regulatory purposes, including registra-
tion of existing or new products. In closing, future regulatory ac-
ceptance of NAMs could be achieved through the collective out-
comes from independent and collaborative case studies involving 
multiple stakeholders with a shared interest.
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Recommendations for promoting  
the regulatory acceptance  
of microphysiological systems
Yiguang Zhu and Paul Locke 
Johns Hopkins University, Bloomberg Schools of Public Health and 
Whiting School of Engineering, Department of Environmental Health and 
Engineering, Baltimore, MD, United States 

yzhu99@jh.edu 

Microphysiological systems (MPS), as an emerging alternative 
method to animal testing, have garnered increasing attention for 
their applications in drug development, toxicity assessment, and 
disease modeling. A growing body of evidence suggests that MPS 
has the potential to provide more human physiologically relevant 
data with lower cost and higher throughput compared to tradition-
al animal models. As MPS continues to advance, regulatory agen-
cies, including the Food and Drug Administration (FDA), are ex-
pected to adopt MPS-generated data in the medical product review 
process, and gradually accept MPS platforms as regulatory and 
scientific tools. However, the MPS-relevant submission under the 
FDA framework remains limited in practice. We conducted a com-
prehensive analysis of the FDA’s ongoing activities related to MPS 
and formulated the following recommendations aiming to facili-
tate the regulatory acceptance of MPS: 1) establish clear and con-
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Pharma industry needs for faster  
adoption of MPS
Adrian Roth 
Roche, Switzerland 

adrian_b.roth@roche.com 

Using human-relevant, translational in vitro models has been wide-
ly considered to reduce attrition during drug discovery and devel-
opment. Over the past decade a considerable hype emerged regard-
ing the transformative potential of microphysiological systems for 
pharmaceutical research; yet – while it is agreed that such models 
could bring value – currently, mostly proof-of-concept studies are 
available and widespread application is still lacking. Thus, while 
acknowledging the opportunity and value such human relevant 
cell systems could provide, the adoption by pharma companies is 
moderate. Realizing the full potential of these models will need 
more clear use-cases demonstrating clinical translation, improve-
ments on technical ease of use and greater collaboration between 
stakeholders. Furthermore, it is proposed that refining existing 
platforms for specific contexts of use where significant gaps exist 
in drug development will help broader application, rather than un-
realistic claims that microphysiological systems can right away re-
place the complete drug discovery engine at once. Key advantag-
es of such tissue systems over traditional pre-clinical models, e.g. 
the ability to mimic human-specific biology such as immunology 
or defined contexts of rare diseases should be further exploited to 
establish more use cases that demonstrate true added value. Mod-
eling & analytics can help with back- and forward translation us-
ing real world data. Furthermore, the ability to generate patient-de-
rived tissue models will allow personalization of treatments and 
support precision medicine approaches in clinical trials.
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Establishing scientific confidence of  
cross-species extrapolations through  
case studies
Adriana C. Bejarano and Sarah Hughes 
Shell Global Solutions Inc., United States 

adriana.bejarano@shell.com 

The growing need for non-animal alternatives to toxicity testing 
has led to the development and evaluation of New Approach Meth-
odologies (NAMs). Key to their acceptance in regulations and risk 
evaluations, is a demonstration of their relevance and reliability, 
which are necessary to establish scientific confidence. For over a 
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Can we justify using nonhuman 
primates in neuroscience research? 
A costs versus benefits discussion
Katherine Roe 
PETA, United States 

KatherineR@peta.org 

The justifications for using nonhuman primates in biomedical re-
search often begin by indicating only minimally harmful, maxi-
mally impactful, scientifically necessary research are being con-
ducted. Unfortunately, in the case of neuroscience research, which 
accounts for approximately 50% of all non-regulatory experimen-
tation with primates, these criteria are rarely met. 

Neuroscience experimentation inherently involves inflicts irre-
versible harms on the animals. Surgical insertions of intracranial 
electrodes, drug delivery or neuron-manipulating apparatus, and 
skull-affixed head-stabilizing equipment are standard procedures 
in primate laboratories. Behavioral assays often involve the use of 
food and water deprivation and prolonged physical restraint, and 
animals frequently have their nervous system permanently dam-
aged to induce symptoms of human neurological conditions. Pri-
mates in these labs are also subject to maternal deprivation, im-
poverished environment, and decades of complete social isolation. 

The physiological and psychological effects of holding emo-
tionally and behaviorally complex primates captive in a labora-
tory environment disrupts both the neural systems and the behav-
iors being assessed. Coupled with artificially induced symptoms, 
macroscopic and microscopic differences in the brains of different 
primates, human-specific developmental mechanisms and trajec-
tories, and critical differences in gene expression across species, 
the likelihood of data from captive nonhuman primates translating 
to humans is limited and difficult to predict in advance. 

Here we will review the current landscape of nonhuman primate 
use in neuroscience, including the numbers of animals used, com-
mon procedures, the scientific limitations of these studies and sev-
eral viable non-animal alternatives, and also weigh the harms ver-
sus the benefits of conducting non-clinical, non-regulatory experi-
ments on our closest relatives.
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sistent guidelines, 2) collaborate with academia and industry, 3) 
provide training and educational opportunities, 4) implement ro-
bust validation and qualification protocols.
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Bringing IACUCs into  
the 21st century: Ethical gaps and  
room for improvement
Angela Hvitved, Crystal Schaeffer and Sue Leary 
Alternatives Research & Development Foundation, United States 

ahvitved@ardf-online.org 

Institutional Animal Care and Use Committees (IACUCs) are re-
sponsible for institutional-level oversight of animal research in the 
United States and similar review mechanisms have been imple-
mented around the world. Part of the goal in establishing IACUC 
review was to ensure that animal studies meet society’s expecta-
tions for the ethical use of animals in research. However, almost 
four decades after IACUCs were implemented in the U.S., signif-
icant ethical gaps remain in the process of reviewing animal re-
search activities. 

Many IACUCs focus their attention on potential refinements of 
what the researcher has proposed. Although this narrow scope is 
permitted by the regulations that govern IACUCs, it is a sharp de-
parture from what the public perceives as the IACUC’s role: en-
suring that animal studies are ethically and scientifically justified. 
One of the most striking deficiencies is the lack of any require-
ment for IACUCs to assess the potential value of the proposed re-
search. Other concerns have also been raised, including the limit-
ed representation of non-scientific perspectives, inconsistency of 
review and lack of concordance between committee determina-
tions, and the lack of transparency around the review process. 

Studies regarding public expectations for animal research re-
view will be described and proposals for improving the IACUC 
review process will be presented. Some of these enhancements 
have been implemented in other countries with varying degrees of 
success. Potential challenges will be explored along with recom-
mendations to address them. Cooperation and sustained effort will 
be necessary to bring IACUC review into the 21st century, but it is 
well past time.
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Novel in vitro tri-culture hepatic 
model to evaluate human relevance 
of chemical-induced thyroid toxicity
Ahtasham Raza1, Kristina K. Wolf 2, Mercedes Biven3, 
Tammy Stone2, Stephanie Kellum1, Edward LeCluyse2, 
Jessica LaRocca3, Raja Settivari1 and Shadia M. I. 
Catalano1 
1Corteva Agriscience, Newark, DE, United States; 2LifeNet Health, Life 
Sciences, Research Triangle Park, NC, United States; 3Corteva Agriscience, 
Indianapolis, IN, United States 

shadia.catalano@corteva.com 

Increased regulatory requirements to assess human safety for pes-
ticides, combined with the need of suitable alternative approaches 
that replace, reduce and refine animal models, outlined the devel-
opment of an in vitro model to evaluate the human relevance of 
chemical-induced liver and thyroid effects. The ability to distin-
guish chemicals that cause direct toxicity from those that cause in-
direct effects through liver enzyme induction mediated by nuclear 
receptor (NR) activation in rodents is key. This study focused on 
evaluating thyroid hormone (TH) metabolism effects after expo-
sure to six known liver enzyme inducers: Phenobarbital (PB), Ri-
fampicin (RIF), Pregnenolone 16α-carbonitrile (PCN), Polychlori-
nated biphenyl 153 (PCB153), CITCO and Dexamethasone (Dex) 
at non-toxic concentrations. An in vitro tri-culture model, com-
prised of primary hepatocytes (human and rat), endothelial and 
stromal cells, was used. Physiological functionality was assessed 
using urea and albumin. CYP and UGT gene expression was eval-
uated after exposure to the reference compounds by RT-qPCR. T4 
clearance and its metabolite concentrations (T4G, T4S, T3) were 
measured by LC-MS/MS. Results demonstrated stable urea and 
albumin concentrations over 10 days. Consistent CYP and UGT 
gene expression of known NR agonists was shown for both human 
and rat. T4G was increased in both species, but higher in rat, while 
T4S was undetectable in both species and T3 was only increased 
after RIF exposure in human. T4 clearance increases after Dex, 
PCN and PCB153 exposure in rat, and after RIF exposure in hu-
man, demonstrated species-differences. The model shows prom-
ise, and expanded testing with additional donors and further opti-
mization are planned.
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Pain management via the drinking 
water: A watertight affair?
Aylina Glasenapp1, Derya Timartas1, Heike Bähre2, 
Silke Glage1, Jens P. Bankstahl3 and Marion 
Bankstahl1 
1Institute of Laboratory Animal Science and Central Animal Facility, 
Hannover Medical School, Germany; 2Institute of Pharmacology, Research 
Core Unit Metabolomics, Hannover Medical School, Hannover, Germany; 
3Department of Nuclear Medicine, Hannover Medical School, Hannover, 
Germany 

bankstahl.marion@mh-hannover.de 

Purpose: Due to its non-invasive nature, voluntary oral self-ad-
ministration via drinking water might represent a favorable admin-
istration route for analgesic drugs in rodents. However, factors like 
limited acceptance and inconstant fluid intake might hamper the 
achievement of sufficient drug plasma levels. Aim of this study 
was to assess oral acceptance, plasma concentration-time curves 
and tolerability of standard analgesics. 

Experimental approach: Carprofen, metamizole, buprenor-
phine, or tramadol were administered via drinking water to female 
and male rats (overall n = 159) and mice, with mice additionally 
treated with meloxicam and butorphanol (overall n = 252). Anal-
gesic target dosages represented the maximum recommended dose 
according to the current expert information on pain management 
for laboratory animals of the German Society of Laboratory Ani-
mal Science. 

Summative findings: Drug-containing solutions were generally 
well accepted by mice, resulting in stable analgesic plasma levels 
in most cases within 12-24 h after treatment start. Only meloxi-
cam required sweetening, showed distinct circadian influence on 
plasma levels and was associated with moderate side effects. Rats 
showed dislike of tramadol and almost completely refused metam-
izole intake. While carprofen was well tolerated, buprenorphine 
and tramadol treatment were accompanied by distinct behavioral 
side effects including pica behavior. 

Conclusions: Administration of analgesics via drinking water 
requires close monitoring to ensure constant uptake of the target 
dose. Certain analgesics cannot be recommended in the explored 
doses due to adverse effects or limited intake. Overall, rats appear 
to be more susceptible to side effects and taste changes than mice.
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research methods remain the default approach and ECRs who fo-
cus on non-animal methods sometimes find fewer funding oppor-
tunities to support their work and reviewers who expect a higher 
degree of evidence for alternative approaches. 

Private funding organizations dedicated to the development 
of NAMs can help address this gap and support ECRs in creat-
ing a solid foundation for their research programs. Private funders 
can tailor their review criteria to prioritize the potential impact in 
reducing or replacing animals, which might not be a high-prior-
ity area for other funders. Furthermore, these programs provide 
funding mechanisms where proposals for non-animal approaches 
do not directly compete against more traditional animal research 
studies for the same funds. 

This presentation describes the role private funders can play in 
supporting the development of NAMs and the careers of ECRs. It 
will survey available funding opportunities, share advice for pre-
paring a competitive proposal, and provide strategies to help ECRs 
leverage this type funding to support their long-term career plans. 
Private funding targeted at non-animal approaches can provide 
crucial support for obtaining preliminary data or proof-of-con-
cept, which can serve as a springboard for sustainable, longer-term 
funding. Helping ECRs understand and successfully compete for 
funding can play a key role in setting them up for success.
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Education and training in laboratory 
animal science in the European 
Union: Benefits, challenges,  
and solutions for mutual recognition
Rafael Frias1 and Nuno Henrique Franco2 
1Karolinska Institutet, Sweden; 2i3S, Universidade do Porto, Portugal 

rafael.frias@ki.se 

Working with animals in scientific procedures requires adequate 
education, training, competence, and the maintenance of compe-
tence in laboratory animal science. This is essential for advanc-
ing scientific research while ensuring the welfare of laboratory 
animals. The EU framework on education and training strives for 
more aligned standards to facilitate mutual recognition and the free 
movement of personnel and scientific exchange. This presentation 
will provide an overview of common situations related to mutual 
recognition, including the benefits and challenges of harmoniza-
tion. The talk will also address potential barriers to mutual recog-
nition and propose some solutions to overcome common obstacles.
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Macaques over the edge
Lisa Jones-Engel1,2 

1People for the Ethical Treatment of Animals, United States; 2Long-tailed 
Macaque Project, United States 

LisaJE@peta.org 

A 2013 report issued by the U.S. National Institutes of Health con-
firmed that experimentation on chimpanzees is unnecessary and 
that “research involving chimpanzees has rarely accelerated new 
discoveries or the advancement of human health for infectious dis-
eases.” Given these findings it seems highly suspect that other pri-
mates, with whom we share less evolutionary history, would offer 
more reliable data. Yet the primate biomedical industry persists in 
its commitment to importing tens of thousands of long-tailed ma-
caques each year. Neither the origin of the long-tailed macaques 
supplied to meet this demand, the risks posed to the people captur-
ing and handling the monkeys, the effects of the monkeys’ remov-
al on the ecosystems from which they were taken, nor the conse-
quences of using poorly characterized, wild-caught macaques are 
considered. In 2022, the global conservation status of long-tailed 
macaques, the most intensely “harvested” primate for use in bio-
medical research, was raised to endangered following assessment 
by the International Union for Conservation of Nature’s Red List 
of Threatened Species. A five-year investigation by U.S. author-
ities has also alleged illegal activities by entities involved in the 
global trade of macaques for primate experimentation. Macaques 
are seed dispersers making them a keystone species in the environ-
ment; remove the monkeys from the forest and you risk a cascade 
of ecological consequences. The role that the global trade of live 
primates/primate tissues for use in biomedical research could play 
in the emergence of pandemic threats has, until now, managed to 
escape scrutiny.
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Private funding and support for early 
career researchers in non-animal 
methods: Strategies for success
Sue Leary1 and Angela Hvitved2 
1Alternatives Research & Development Foundation, United States; 
2Alternatives Research & Development Foundation, Italy 

sleary@ardf-online.org 

Early Career Researchers (ECRs) in any scientific area face chal-
lenges; however, ECRs interested in non-animal research methods 
can face additional obstacles when launching their research ca-
reers. In many fields of biomedical science and toxicology, animal 
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Making NAMs the ethical solution  
to animal use in  
the pharmaceutical industry
Aurélie Thomas and Ritamarie Rose 
AstraZeneca, United Kingdom 

aurelie.thomas@astrazeneca.com 

The phasing-in of New Approach Methodologies (NAMs) in the 
pharmaceutical industry is motivated by the need for more pre-
dictive models to accelerate the discovery, safety and efficacy as-
sessment of drug candidates ahead of clinical trials. NAMs are hu-
man-derived in vitro or in silico models (e.g., organoids, gene ed-
iting and artificial intelligence) that have the potential to reduce or 
replace animal models as primary proxies for human biology. 

Ethical and regulatory frameworks supporting the use of ani-
mals in biomedical science follow a utilitarian approach whereby 
any inflicted harm is expected to be outweighed by health benefits 
for the wider population. Despite having played an instrumental 
role in life sciences, the translatability of in vivo studies has been 
repeatedly challenged on scientific grounds, therefore question-
ing the morality of animal use. While NAMs may alleviate ethical 
concerns pertained to animal use, they also raise significant and 
new ethical challenges for which there is no established bioethi-
cal framework. 

This work aims to present the ethical challenges inherent to 
NAMs and outline four principles laying the foundations of an 
ethical framework. The four principles are i) scientific quality, es-
pecially translatability to patient populations ii) acceptability from 
the patients, the public, and regulatory bodies, iii) equity of drug 
accessibility and iv) environmental sustainability. The proposed 
framework would provide proactive bioethical guidance evolving 
as the NAMs develop, taking stakeholders’ needs into account and 
decreasing the reliance of the pharmaceutical industry on animal 
use for innovative drug discovery.
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The European Partnership for 
Alternative Approaches to Animal 
Testing (EPAA): Accelerating 
the transition to animal-free, 
sustainable innovation
Gavin Maxwell1,2, Charles Laroche3,4, Irene Manou4, 
Pascale Oosterbosch4,5, Dorota Przyludzka4,5, 
Zvonimir Zvonar4 and Giacomo Mattino4,5
1SEAC, Unilever, United Kingdom; 2EPAA, United Kingdom; 3AISE, 
Belgium; 4EPAA, Belgium; 5DG GROW, European Commission, Belgium 

gavin.maxwell@unilever.com 

The European Partnership for Alternative Approaches to Animal 
Testing (EPAA) was established in 2005 as a unique collabora-
tion between the European Commission and industry stakehold-
ers that brings together 5 DGs of the European Commission, 38 
companies and industry associations from 7 sectors (agrochem-
icals, animal health, chemicals, cosmetics, fragrances, pharma-
ceuticals, soaps & detergents) and 3 European Agencies (ECHA, 
EFSA and EMA). 

EPAA seeks to accelerate the transition to animal-free, sustain-
able innovation through promoting the development and accep-
tance of 3R methods; fostering cross-sector knowledge-sharing; 
increasing international collaboration and facilitating stakeholder 
dialogue. EPAA strategic priorities are set by the Steering Com-
mittee (representatives from the European Commission services, 
companies, and industry associations) taking into account input 
from the Mirror Group (academics and civil society representa-
tives). 

EPAA has 7 projects evaluating and promoting alternative ap-
proaches covering: New Approach Methodologies (NAMs) in 
regulatory decisions for chemical safety; Skin Sensitisation NAM 
User Forum; Carcinogenicity of Agrochemicals; Acute Toxicity; 
Harmonisation of 3Rs in Biologicals; Monoclonal Antibody Safe-
ty Testing; and Human Rabies Vaccine testing. In 2023, EPAA will 
also: support the development and implementation of an EU road-
map to replace use of Animals for Regulatory Testing of Chemi-
cals; organise a cross-sector Partners Forum to review NAM use 
for Environmental Safety Assessment; and organise an exhibition 
at the EU Parliament to share progress with MEPs. This presenta-
tion will report progress and share learnings from EPAA’s ongo-
ing activities.
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A platform for identification  
of chemicals for which  
fish have high sensitivity
Luigi Margiotta-Casaluci1, Benjamin Holmes1, Charles 
Tyler2, Nic Bury3, Peter Kille4 and Christer Hogstrand1 
1King’s College London, United Kingdom; 2University of Exeter, United 
Kingdom; 3University of Southampton, United Kingdom; 4Cardiff 
University, United Kingdom 

christer.hogstrand@kcl.ac.uk 

Predicting if fish species are more or less sensitive to a given 
chemical than other aquatic taxa could lead to a significant reduc-
tion of fish in vivo toxicity testing requirements for the assessment 
of chemical safety. Our research aimed at establishing taxon-spe-
cific sensitivity to different chemical modes of action by compar-
ing existing chronic toxicity data generated for fish, invertebrates 
and algae. To facilitate this inter-species comparison, we devel-
oped a novel informatics knowledge platform that allows the rap-
id integration, analysis, and visualisation of large multi-type data-
sets, enabling evidence synthesis. The platform currently includes 
multi-dimensional data for 1,493 chemicals of which 1,170 are 
active pharmaceutical ingredients (APIs), and comprises 1) eco-
toxicity data, 2) physicochemical, mechanistic, and pharmacolog-
ical data, and 3) drug-target, target-pathway, target-phenotype, tar-
get-disease associations. Network analysis of drug-toxicity and 
drug-target interaction data was used to identify molecular targets 
associated with high fish-specific toxicological sensitivity. The 
EcoDrug tool was used to evaluate the evolutionary structural and 
functional conservation of drug targets. To interpret the function-
al role of priority targets, multiple databases were used to retrieve 
target-pathway and target-phenotype associations across species. 
This data-driven evidence synthesis approach was used to assign 
a confidence judgment to each association and ultimately identi-
fy a set of priority molecular initiating events (MIEs), Key Events 
(KEs), and Adverse Outcomes (AOs). Fish displayed higher toxi-
cological sensitivity than other species for 53% of APIs. The anal-
ysis of the poly-pharmacology network revealed that 68 drug tar-
gets are consistently associated with high fish sensitivity compared 
to other taxa. 

Funded by NC3Rs (NC/C021102/1)
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ETPLAS - FELASA join forces  
to establish a CPD 
framework for the EU
Philippe Bugnon1, Jan-Bas Prins2,3 and Anne-
Dominique Degryse4 
1University of Zurich, Zurich, Switzerland; 2Leiden University Medical 
Centre, Leiden, The Netherlands; 3The Francis Crick Institute, London, 
United Kingdom; 4ETPLAS, Deputy Project Leader, Action Grant, France 

jan-bas.prins@crick.ac.uk 

A working group under the EU funded European Training Plat-
form for Laboratory Animal Science (ETPLAS) Preparatory Ac-
tion Grant Project is tasked to draft guidelines for the harmonisa-
tion of Continuing Professional Development (CPD) in LAS for 
researchers across the EU to contribute to free movement of re-
searchers. 

For these guidelines we will focus on the role of the course or-
ganisers and also the role of the competent authorities. A harmoni-
sation of CPDs should involve both groups of people. 

A FELASA task force aims to revise their 2010 guidelines for 
CPD of scientists involved in animal experiments. These two proj-
ects are complementary as they cover all groups of people in-
volved in CPD. Therefore, they joined forces. 

The first step was to define what can be considered CPD as the 
basis for these guidelines. This was deemed necessary since, with-
in the EU, education and training have been devolved to the indi-
vidual member states (MSs). Consequently, EU MSs have differ-
ent E&T systems in place including those for CPD. The aim and 
challenge will be to propose a framework that will be acceptable 
to all. The framework will also cover a proposal for training tools 
for course organisers, a common CPD certificate to facilitate the 
mutual recognition of CPD activities. The results of an online sur-
vey and a first version of the framework will be presented.
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Training the next generation of 
researchers in the organ-on-chip field
Silke Keller1,2,3, Alessia Moruzzi2,3, Tanvi Shroff 2,3, 
Mona Fischer1,2, Madalena Cipriano1,2 and Peter 
Loskill1,2,3 

13R-Center for In Vitro Models and Alternatives to Animal Testing, 
Eberhard Karls University Tübingen, Tuebingen, Germany; 2Department 
for Microphysiological Systems, Institute of Biomedical Engineering, 
Eberhard Karls University Tübingen, Tuebingen, Germany; 3NMI Natural 
and Medical Sciences Institute at the University of Tübingen, Reutlingen, 
Germany 

silke.keller@uni-tuebingen.de 

Organ-on-Chip (OoC) systems are by definition “fit-for-purpose 
microfluidic devices, containing living engineered organ substruc-
tures in a controlled microenvironment, that recapitulate one or 
more aspects of the organ’s dynamics, functionality and (patho)
physiological response in vivo under real-time monitoring”. They 
promise great potential for human-relevant science, personalized 
medicine, pharmaceutical R&D and can be a game-changer to-
wards the 3Rs, hence the transition to non-animal science. 

The OoC field is characterized by a high degree of interdisci-
plinarity and draws upon technologies and concepts from fields 
such as engineering, biology, physics and clinical science. How-
ever, this relatively new technology still deals with several chal-
lenges currently impeding the broad adoption of OoC in academic, 
clinical and industrial research. To overcome them, it is imperative 
to train experts at different levels of education and work function. 

By using a questionnaire, we aimed to identify the key aspects 
for training such as stakeholders to be trained, specific skill sets 
and the adequate types of training required to prepare future ex-
perts to advance the OoC field and change the way how research 
is performed. The information collected and analyzed in our study 
serves to guide training initiatives for preparing competent and 
transdisciplinary researchers, capable of assuring the successful 
development and application of OoC technologies in academia, 
industry, personalized medicine and clinical trials on chip. 

Training the next generation of scientists, technicians and poli-
cymakers is challenging and requires a tailored effort but will pay 
off in well-qualified and competent transdisciplinary profession-
als who will continue exploring and successfully applying OoC 
technology.
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Establishing the credibility  
of computational models  
in biology and toxicology
Maurice Whelan 
European Commission Joint Research Centre (JRC), Italy 

maurice.whelan@ec.europa.eu 

Computational models are often constructed to aid people’s under-
standing of biological processes or to inform decisions related to 
safety and efficacy of new therapies. The growing sophistication 
and applicability of computational modelling have created a strong 
demand for their widespread use by industry for product devel-
opment and for demonstrating regulatory compliance. However, 
this presents a particular challenge, since developers and end-us-
ers rarely share the same level of confidence in a computational 
model. Although model verification and validation can help bridge 
the gap, the ultimate aim is to achieve a sufficient level of scien-
tific credibility which reflects the willingness of people to trust a 
model’s predictions and make decisions based on them. Establish-
ing the credibility of computational models typically boils down to 
understanding their testability and epistemic foundation, in order 
to guide a validation process to address evidence gaps. Credibili-
ty factors, grounded in the philosophy of science and relatable to 
different validation frameworks in use today, are a useful way of 
organising the evidence base underpinning credibility, and under-
standing how different weights can be applied to different factors, 
depending on the nature of the computational model and the needs 
and perceptions of the end-user community. Another essential el-
ement of establishing credibility is addressing social epistemolo-
gy, that is, designing a process that aims to maximise the degree to 
which developers and end-users share a common understanding of 
the model and the evidence presented.
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Towards NGRA:  
Skin sensitization blazes a trail
Petra Kern1, Nicola Gilmour2, Nathalie Alépée3, Fanny 
Boisleve4, Dagmar Bury3, Alessandra Carvarzan5, 
Johanna Ebmeyer6, Sara Farahmand7, Carsten 
Goebel8, Sebastian Hoffmann9, Jochen Kuhnl6, 
Anne-Camille Mercat10, Karsten Mewes11, Masaaki 
Miyazawa12, Kanako Nakayama12, Hayato Nishida13 
and Erwin Van Vliet14 
1Procter & Gamble Services NV/SA, Belgium; 2Unilever, United Kingdom; 
3L’Oréal, France; 4Chanel, France; 5Reckitt, Italy; 6Beiersdorf AG, 
Germany; 7Edgewell, United States; 8Wella, Germany; 9seh consulting + 
services, Germany; 10Shiseido Group EMEA, France; 11Henkel, Germany; 
12Kao, Japan; 13Shiseido GLobal Innovation Center, Japan; 14Innovitox 
Consulting & Services, The Netherlands 

kern.ps@pg.com 

Regulatory and ethical demands have driven the need for devel-
oping a Skin Sensitization Next Generation Risk Assessment 
(NGRA) based on New Approach Methodologies (NAM) and De-
fined Approaches (DA). Much scientific build-up work was done 
by the Skin Tolerance taskforce under the Cosmetics Europe LRSS 
program and continues under the International Collaboration on 
Cosmetic Safety (ICCS). Here, we briefly recap the journey to-
wards the current updated framework and its application to several 
case studies with increasing complexity. 

Based on a systematic evaluation, the most promising NAM (in 
chemico / in vitro) were selected and assessed in detail by gener-
ating and compiling a NAM database, which is continuously be-
ing expanded. It provides the basis for evaluations of NAM and 
DA, and it builds the backbone for NGRA case studies. A series 
of case studies of increasing complexity, and stepwise incorporat-
ing learnings, has been conducted. The most recent case study ex-
ample focused on use of inconsistent NAM information leading to 
differences in the hazard and potency information obtained from 
the respective DA and affected the confidence in the risk assess-
ment decision for different consumer use scenarios. 

Going forward, case studies focusing on read-across, toxi-
cokinetics and uncertainty assessment will further strengthen 
the NGRA. This journey of developing a fit-for-purpose NGRA 
framework for skin sensitisation has come a long way, bringing 
about many valuable lessons.
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The rise of European 3R Centres 
and their network EU3Rnet
Winfried Neuhaus1,2,3 

1AIT Austrian Institute of Technology GmbH, Competence Unit Molecular 
Diagnostics, Vienna, Austria; 2Faculty of Medicine and Dentistry, Danube 
Private University, Krems, Austria; 3EUSAAT – European Society of 
Alternatives to Animal Testing, Austria 

winfried.neuhaus@ait.ac.at 

EU3Rnet is an open network for European 3Rs centres and plat-
forms. The 3Rs centres and platforms are very important points 
of contact and play an immense role in their respective countries 
as “on the ground” facilitators of Directive 2010/63/EU. They 
are also invaluable for the widespread dissemination of informa-
tion and for promoting implementation of the 3Rs in general [1]. 
In this contribution, the development of the EU3Rnet is present-
ed and the history of the European 3Rs centres is recapitulated. A 
further focus is set on special features, but also commonalities of 
the 3Rs centres and platforms, especially with regard to organiza-
tion, structure and topics. The first EU3Rnet consensus statement 
and the publication “The rise of Three Rs centres and platforms in 
Europe” are presented as previous highlights [1,2]. Recently, the 
COST Action IMPROVE with the topic “3Rs concepts to improve 
the quality biomedical science” was approved, which will strongly 
support the networking in the 3Rs area. This activity will be pre-
sented in detail with its current status and activities, plans, possi-
bilities and instruments. The working groups will focus on Qual-
ity and Translatability of Science, Implementation, Dissemination 
and Education, whereby ethics is an integral part in the work of the 
single working groups. Cooperation and active involvement in the 
COST Action will be invited within the framework of this open 
bottom-up network approach. 

 
References 
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10.1177/0211929221099165  
[2] Neuhaus, W. (2021). ALTEX 38, 138-139. doi:10.14573/altex. 

2010061 

Presentation: Oral

mailto:kern.ps@pg.com
mailto:winfried.neuhaus@ait.ac.at
https://doi.org/10.1177/0211929221099165
https://doi.org/10.1177/0211929221099165
https://doi.org/10.14573/altex.2010061
https://doi.org/10.14573/altex.2010061


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 145

vivo live animal testing. Level 2: in vitro with components that 
involved live animal suffering (e.g., FBS). Level 3: in vitro with 
components that required “humane” animal sacrifice (e.g., rat liv-
er extract). Level 4: in vitro with components that are waste prod-
ucts of the meat industry (e.g., gelatin, bovine cornea). Level 5: in 
vitro with components that have previously been exposed to an-
imal product (e.g., human cell lines previously cultured in FBS; 
some human tissue models). Level 6: in vitro animal-product-free 
with components derived ethically from humans. Level 7: in vitro  
animal-product-free, fully defined. The scale can provide useful 
context for goal-setting in moving towards animal-product-free 
and defined in vitro systems for enhance human relevance. It is 
also a valuable tool for stakeholders to communicate accurately 
and transparently about the ethical status of a test in terms of ani-
mal welfare – an important factor in the global trend towards veg-
an products.
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Update on Canada’s efforts  
to reduce the reliance  
on animal toxicity testing
Michèle Régimbald-Krnel1, Charu Chandrasekera2  
and Tim Singer3 
1Environmental Health Science and Research Bureau, Healthy 
Environments and Consumer Safety Branch, Health Canada, Canada; 
2Canadian Center for Alternatives to Animal Methods, Canada; 
3Environmental and Radiation Health Sciences Directorate, Healthy 
Environments and Consumer Safety Branch, Health Canada, Canada 

michele.regimbald-krnel@hc-sc.gc.ca 

Canada has taken concrete actions to reduce reliance on animals 
in toxicity testing and research, through renewed legislation, poli-
cy innovation, harmonization with international activities and ad-
vancing research on New Approach Methods. On the legislative 
and regulatory front, amendments have been introduced, through 
Bill S-5, to the Canadian Environmental Protection Act to reduce 
reliance on vertebrate animal testing when conducting research 
and assessing the risks that substances may pose to human health 
and the environment. Furthermore, the Government of Canada 
is working towards banning the testing of cosmetics on animals. 
Government of Canada scientists actively participate in global 
efforts to develop, validate and implement effective non-animal 
methods to ensure reliable, harmonized methods are available for 
regulatory information needs, including hazard/risk assessments. 
Additionally, Canada regularly provides expertise to support peer 
review and validation of new non-animal methods, and for case 
studies supporting international (OECD, EU, US) test guidelines 
and guidance development. Together with the Canadian Centre 
for Alternatives to Animal Methods at the University of Windsor, 
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Building trust and increasing utility 
of NAMs through preregistration 
and open protocols
Ulf Toelch 
BIH QUEST Center @ Charité Universitätsmedizin, Germany 

ulf.toelch@bih-charite.de 

In recent years, non-animal models (NAMs) developed into high-
ly complex and disease relevant alternatives to animal models. For 
these advanced NAMs to effectively replace animal experiments, 
they need to be adopted at scale. For this, potential adopters need 
to trust results from published studies and be able to implement the 
models in their lab. In other biomedical fields like clinical trials, 
two strategies have been implemented that ensure trustworthiness 
and transparency of published results: 1. preregistration of study 
design and analysis and 2. publishing of study protocols. These 
strategies need to be meaningfully adapted to NAMs. I will present 
challenges and case studies in establishing such processes from a 
3R Center in Berlin. Specifically, I will illustrate the utility of pro-
tocol peer review and publishing within the consortium. I will fur-
ther address challenges and some solutions for establishing prereg-
istration in a research field where fast-paced experimental series 
consist mainly of trial and error learning.
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Development of a scale to classify  
the animal-free status of  
in vitro tests: A tool for transparent  
communication
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XCellR8 Ltd, United Kingdom 
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In vitro methods commonly use animal derivatives including se-
rum, antibodies and tissue extracts, raising the question, “What is 
truly animal-free testing?” As well as ethical concerns, these addi-
tives can compromise reproducibility of tests and relevance to hu-
man physiology. Here, we provide guidance on truly animal-free 
in vitro testing and describe some of the principles followed in our 
laboratory. We introduce our classification scale, which allows the 
animal-free status of methods to be clearly identified. We define 7 
categories of tests, which increasingly eradicate animals and an-
imal components to achieve fully defined conditions. Level 1: in 
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An outside the box approach 
for housing rats to enhance 
their behavioural repertoires
Patricia Turner1,2, Carly O’Malley3 and Emilie 
Paterson2 
1Charles River, Canada; 2University of Guelph, Canada; 3Charles River, 
United States 

patricia.turner@crl.com 

There is increasing emphasis on the importance of natural be-
haviours and postures on the health and wellbeing of research rats. 
We investigated behavioural and physiologic differences between 
rats housed in different environments and the interaction between 
housing and habituation to handling. SD rats (n = 70, 34M, 36F) 
were randomly assigned to housing treatments: standard cage (C): 
n = 3 rats/cage, 8 cages or primate cages modified for housing rats 
(T): n = 5-6 rats/cage, 8 cages. All rats received 15 s of gentle han-
dling 3 days/wk over the 18-day study. At study end, rats were as-
sessed for anxiety (elevated plus maze (EPM)) and novel human 
approach test before/after restraint for blood collection. Blood glu-
cose levels assessed response to restraint and body weight was 
also monitored. Duration of general behaviour and posture were 
scored daily from video recordings. Data were analyzed using lin-
ear mixed models. Treatment, sex, and time were included as fixed 
effects and cage was the random effect. There were no weight dif-
ferences between C and T rats (P > 0.05), no differences in blood 
glucose levels in response to restraint (P > 0.05) and no differ-
ence in latency to touch novel human before/after blood collection  
(P > 0.05). T rats visited the open arms of the EPM more fre-
quently (P = 0.039), suggesting less anxiety-like behaviour. T 
rats were less inactive (P < 0.0001), spending more time moving  
(P < 0.0001) and exploring resources (P = 0.0003). T rats also spent 
less time lying (P < 0.0001) and sitting (P = 0.0006). These results 
suggest that more complex housing is beneficial to rats, allowing 
more active behaviours and postures than standard housing.
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whose work includes the development, validation, and promotion 
of alternative methods for biomedical research, academic instruc-
tion and regulatory testing, this presentation will provide an up-
date on Canada’s continued efforts to explore alternatives and next 
steps to further reduce reliance on animal testing.
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Characterizing the cytotoxic and 
molecular effects of environmentally 
relevant pesticides on  
human Caco-2 and HepG2 cell lines
Ke Xu, Krittika Mittal, Sophie Emberley-Korkmaz and 
Niladri Basu 
McGill University, Canada 

ke.xu2@mail.mcgill.ca 

The widespread use of pesticides is of concern to ecosystem and 
human health. Animal-based testing of chemicals like pesticides is 
challenged they are resource-intensive, time-consuming, and un-
ethical. These concerns have called for the need to explore New 
Approach Methods (NAMs) to replace, refine, and reduce animal 
research. The objectives of this study were to: (A) measure the cy-
totoxicity (i.e., LC50) of 19 pesticides considered important to Ca-
nadian ecosystems on the human Caco-2 (intestinal) and HepG2 
(liver) cell lines; B) characterize molecular responses in both cell 
lines to derive transcriptomic points of departure (tPODs); and 
C) compare the resulting tPOD values with the in vitro LC50 val-
ues and data from the literature to determine if the tPOD values 
are protective of adverse outcomes. Cytotoxicity results based on 
Alamar Blue tests found that chlorothalonil and imazethapyr were 
the most toxic pesticides studied for Caco-2 cells, with the LC50 
values below 20 μM. HepG2 cells were comparatively less sensi-
tive to the tested pesticides, where the LC50 values for the most 
toxic pesticides, chlorothalonil and diquat, were above 100 μM. 
Changes in gene expressions will be measured by ultraplex RNA 
sequencing technology, from which tPODs will be calculated. This 
research is expected to help support the method development of in 
vitro studies as alternatives to animal testing strategies.
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A next-generation framework for 
agrochemical risk assessment
Gina Hilton1 and John Doe2 
1PETA Science Consortium International e.V., United States; 2Liverpool 
John Moores University, United Kingdom 
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Historically, agrochemical toxicity testing has been rooted in strict 
regulatory requirements structured by legislation – most of which 
were enacted before the sequencing of the human genome. Over 
time, several regulatory authorities have proceeded with legislative 
reform, including an ongoing commitment towards the 3Rs: re-
place, reduce, and refine animal studies to the extent possible. This 
has catalyzed efforts for identifying collaborative opportunities to 
fulfill legal data requirements by leveraging 21st century approach-
es to safety assessment. Today, the safety evaluation community 
finds themselves in a paradox where new tools and approaches are 
available to be used in an integrated approach to evaluate poten-
tial toxicity; however, these tools, unlike the currently established 
approaches, must be proven to be equally, if not more, protective 
of public health than standard animal test guidelines and demon-
strated to be fit for regulatory purposes. To help build scientific 
and regulatory confidence as well as public trust in new approach 
methodologies (NAMs) and technologies used in the plant pro-
tection product space, the Committee on Transforming the Eval-
uation of Agrochemicals (a multistakeholder project of the Health 
and Environmental Sciences Institute) is developing a framework 
towards a fit-for-purpose, next generation safety assessment para-
digm. The framework is being developed with the underlying ob-
jective of supporting the uptake of NAMs that demonstrably fulfill 
regulatory data needs. This presentation will provide an overview 
of the framework, the overall approach for this multi-year initia-
tive, and describe the mindset that is now required to guide another 
reform in the safety evaluation of agrochemicals.
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What policy and science tools  
are needed to effectively transition 
away from animal models
Helder Constantino 
Humane Society International, Belgium 

helder.constantino@gmail.com 

Around the world, the 3Rs are more enshrined than ever in animal 
welfare legislations; regulations; research policy etc., yet the num-
bers of animals used in research is remaining level or on the rise 
in many countries. The increase in legislative protections signals 
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Development and execution  
of an occupational next generation 
risk assessment (NGRA) on an 
exclusive use cosmetic ingredient 
under EU REACH: A case study 
on C12-15 alkyl benzoate
James Dawick1, Lauren Kavanagh1 and Matthew  
Dent2 
1Innospec Limited, Oil Sites Road, Ellesmere Port, Cheshire, United 
Kingdom; 2Unilever Safety and Environmental Assurance Centre, Colworth 
Science Park, Sharnbrook, Bedfordshire, United Kingdom 

James.Dawick@Innospecinc.com 

Next-Generation Risk Assessment (NGRA) is as an exposure-led, 
hypothesis-driven approach that integrates new approach method-
ologies (NAMs) to assure safety without animal testing. There are 
some examples in the literature highlighting NGRA for consumer 
safety assessment of cosmetic ingredients (Dent et al., 2018; Balt-
azar et al., 2020), but none currently outlining how this might be 
done to assure occupational safety. Therefore, in this case study, 
NGRA was applied in an occupational safety assessment for an in-
gredient exclusively used in cosmetics (INCI: C12-15 Alkyl Ben-
zoate), in order to avoid animal testing requested under the EU 
REACH regulation, following a compliance check from the Euro-
pean Chemicals Agency. Modelling was used to estimate worker 
external dermal and inhalation exposure to the substance from han-
dling, during formulation into finished cosmetic products. These 
external exposure estimates were combined with in vitro ADME 
data and converted to internal concentrations (plasma Cmax) using 
physiologically based kinetic (PBPK) modelling. Systemic toxic-
ity was assessed using a suite of in vitro NAMs to identify points 
of departure (PoDs) for a variety of biological effects and bioactiv-
ity. These assays indicated C12-15 Alkyl Benzoate exhibits little 
bioactivity, and enabled bioactivity:exposure ratios (BERs) to be 
calculated which prove it is safe for workers and that risks are ade-
quately controlled under normal occupational use conditions. This 
case study highlights how an NGRA approach can be used to reach 
an occupational safety decision and formulate a scientific basis to 
avoid animal testing under EU REACH and similar schemes.
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Preliminary metabolomic and  
toxicological studies of 
environmental contaminants –  
Organophosphates (OPs), 
brominated flame retardants (BFRs) 
and poly-fluoroalkyl substances 
(PFASs) – Detectable in waste  
of electrical and electronic equipment 
(WEEE) plants – The VAISAL project
Stefano Lorenzetti1, Milena Mikhail1, Anton Vremere1, 
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Waste of electrical and electronic equipment (WEEE) is an emerg-
ing threat for environmental and human health due to the occur-
rence of toxic organic and inorganic chemicals in e-waste compo-
nents. The VAISAL project (INAIL BRiC2019 - ID13 grant) aims 
to identify such chemicals and investigate toxicological and meta-
bolic responses, also considering synergistic effects. 

Hence, particle matter (PM) samples were collected in three 
Italian WEEE plants by 14-stage cascade impactors: inorganic and 
organic compounds (23 and 101 analytes, respectively) were char-
acterized. Untargeted analysis workflows were applied to the same 
PM extracts using liquid-chromatography coupled to high-reso-
lution mass spectrometry to detect further organic contaminants. 
Finally, some targeted and non-targeted organic compounds have 
been subjected to cell-based bioassays in two human-derived cell 
lines, A549 (epithelial bronchial cells) and HepG2 (hepatocytes), 
in order to perform in a dose-dependent manner (1pM-100microM 
range): i) cytotoxicity by MTS assay, ii) preliminary untargeted 
lipidomics analysis. In addition, metabolic degradation by human 
liver microsomes, human skin microsomes and human liver he-
patocytes were also performed. 

Obtained data will be presented focusing on the role of some 
organophosphates (OPEs), brominated flame retardants (BFRs) 
and per- and poly-fluoroalkyl substances (PFASs). In particular, in 
the in vitro models (A549 and HepG2), representatives of two PM 

a greater public desire and government willingness to transition to 
human-centered research and testing methods. However, this de-
sire does not appear to have produced a marked reduction in ani-
mal use in biomedical research. This presentation will examine the 
multiple and interconnected causes of various nature (including 
scientific, social etc.) of this “wicked problem”. It will be argued 
that obtaining more effective results towards a faster transition to-
wards non-animal models in biomedical research will require a ho-
listic “systems thinking”, providing a better understanding of how 
different actors and institutions are interacting with each other. Ex-
amples of policy and scientific initiatives will be offered to demon-
strate how system thinking can inform strategies to increase in-
vestment and use of human-centered research methods while grad-
ually moving away from animal models.
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20 years of learnings  
from a corporate animal welfare 
and reporting program
Sarah Hughes1, Adriana Bejarano1, Adeel Ifram2 and 
Chantal Smulders3 
1Shell Global Solutions (US) Inc., United States; 2Shell Global Solutions 
International B.V., United Kingdom; 3Shell Global Solutions International 
B.V., The Netherlands 

s.hughes@shell.com 

Shell has been an industry leader in animal welfare reporting for 
the past two decades. We were the first company to track and keep 
record of all vertebrate animals (e.g., rats, mice, rabbits, birds, fish, 
frogs) used for product safety, regulatory, and compliance purpos-
es and reporting these numbers externally with complete trans-
parency. During this time, Shell has been strongly committed to 
end the need to do testing involving animals and has prioritised 
research into alternative methods. Shell strives to replace animal 
testing with suitable alternatives, while ensuring that we continue 
to innovate, develop, and maintain safe new products and technol-
ogies. The aim of this review is to present an overview of how the 
program has matured against the landscape of animal testing re-
quirements and the constantly changing regulatory and business 
environment and pressures. We will also share a comprehensive 
summary of our annual animal use data collected from the past two 
decades and how these numbers have helped shape our strategy to-
wards the goal of one day reporting zero use of animals.
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3D placental trophoblast  
fusion and invasion model for  
drug toxicity studies
Sonya Kouthouridis1, Sandeep Raha2,3 and Boyang 
Zhang1,4 

1Department of Chemical Engineering, McMaster University, Canada; 
2Department of Pediatrics, McMaster University, Canada; 3Graduate 
Program in Medical Sciences, McMaster University, Canada; 4Department 
of Biomedical Engineering, McMaster University, Canada 

kouthous@mcmaster.ca 

During normal pregnancy, placental trophoblast cells differenti-
ate into two major lineages: syncytiotrophoblasts (STs), responsi-
ble for placental barrier function, and extravillous cytotrophoblasts 
(EVTs), responsible for uteroplacental vascular remodeling. Fail-
ure or impartial maturation of these cells is often reported in cases 
of pregnancy complications, preterm labor and fetal death. Drugs 
and other exogenous substances have been shown to disrupt the 
differentiation and function of these cells, driving the need for pre-
dictive in vitro placental models. In this work, we sought to con-
struct a 3D perfusable model of placental chorionic villi to assess 

routes of exposure, only PFASs shown some cytotoxicity at con-
centrations ≥ 1microM, whereas tested BFRs and OPEs did not 
show any cytotoxicity. In addition, second generation PFASs were 
characterized by a high metabolic stability, while for OPEs the full 
metabolite identification led to identify most common metabolic 
degradation pathways.
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Applying the 3Rs to fish acute 
toxicity tests in an 
industrial chemical company
Sarah Hughes1, Adriana Bejarano1 and David 
Saunders2 

1Shell Global Solutions (US) Inc., United States; 2Shell Global Solutions 
International B.V., The Netherlands 

s.hughes@shell.com 

Acute toxicity tests in fish are currently conducted as a part of reg-
ulatory risk assessment packages for the assessment of ecological 
safety of chemical products and they are also used in Canada and 
the United States to assess for effluent toxicity of discharges. In re-
viewing its vertebrate use Shell identified that use of fish in tests 
for either product testing or whole effluent toxicity testing, was 
by far the largest category of vertebrate animal testing conduct-
ed by Shell, accounting for 87% of the total vertebrates used in 
2021. From this information Shell developed its own 3R’s inspired 
strategy to address the 3Rs of reducing, refining, and replacing fish 
testing. This approach includes: 1) Review Numbers – understand-
ing where fish are used to identify where research, refinements, 
and advocacy efforts should be targeted; 2) Research & Develop-
ment – conduct research on alternative methods and approaches 
that can be used to replace standard methods; 3) Reaching out – 
work with stakeholders and peers in targeted scientific, regulatory, 
and industry forums to foster the adoption of alternative approach-
es for fish. An overview of Shell’s strategy to achieve the 3R’s for 
fish testing will be presented along with examples and experiences 
with some of these alternative methods, including a combination 
of in silico, in vitro and in vivo techniques. It may be that no single 
method or test by itself is enough to replace fish testing but using a 
weight-of-evidence approach could help to refine and reduce fish 
testing considerably.
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ADVANCING THE NEXT 
GENERATION OF SCIENCE 
RESEARCH AND EDUCATION
For nearly 40 years, the International Foundation for Ethical 
Research (IFER) and the National Anti-Vivisection Society 
(NAVS) have been working in partnership to advance 
scientific methods that have the potential to replace the use 
of animals in education, testing, and research. 

Together, we are proud to support the 12th World Congress 
on Alternatives and Animal Use in the Life Sciences. 
And together, we are ushering in a new era of scientific 
excellence that is better for humans and for animals. 
 
For more information, visit NAVS.org/wc12 
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disease characteristics are recapitulating in the Wildling model 
compared to (established) e.g., specific pathogen-free models and 
most importantly to humans. In addition, we will assess the effi-
cacy of a given treatment considering (i) a different disease onset 
and (ii) the immune response to the treatment. 

The interdisciplinary work environment will allow us to not on-
ly gain knowledge on the potential of the Wildling model(s) in 
a disease-dependent manner but also to generate evidence about 
their validity to allow an informed decision about future capac-
ities and research on Wildlings. Overall, this study will provide 
valuable insights for other medical centers interested in incorpo-
rating and validating a new disease model like the Wildlings into 
their preclinical research.
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Development of non-animal methods  
for potency testing of  
diphtheria and tetanus vaccines
Laura Hassall, Daniel Yara, Rebecca Riches-Duit and 
Paul Stickings 
Medicines and Healthcare products Regulatory Agency, United Kingdom 

paul.stickings@nibsc.org 

Animal potency assays for many vaccines suffer from inherent 
variability resulting in relatively poor discriminative power, which 
makes them unsuitable for routine batch control. However, in the 
absence of validated alternative assays, large numbers of animals 
are still required globally for the routine control of these vaccines. 
As part of the VAC2VAC project, we have developed ELISAs that 
are intended to measure antigen content and quality in diphtheria 
and tetanus vaccines. The assays use well-characterized monoclonal 
antibodies that are directed against relevant epitopes on the target 
antigen. Proof of concept for use as an in vitro potency test has been 
demonstrated using representative vaccine products from different 
manufacturers and we have shown that the assays are able to detect 
quality defects in vaccines that were deliberately introduced (for ex-
ample through exposure to elevated temperatures). The ELISA for 
tetanus vaccines has been shown to be applicable to a wide range of 
veterinary vaccines, thus increasing the scope for use of the alterna-
tive assay for tetanus vaccines across both the human and veterinary 
vaccine industry. The assays are precise and reproducible and have 
been successfully transferred to other laboratories as part of ongoing 
efforts to facilitate validation and regulatory acceptance. Once vali-
dated for a particular product, these assays have potential to replace 
the current animal potency test(s) for the purposes of routine batch 
control and could significantly reduce animal usage going forward.
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the effects of commonly prescribed drugs on trophoblast cell func-
tion and differentiation. To do this, we designed a placental chan-
nel with villus-inspired structures embedded into the fibrin hydro-
gel of our lab’s proprietary AngioPlate device. This channel was 
seeded with blastocyst-derived placental stem cells which were 
then differentiated into ST and EVT lineages to produce tropho-
blast-lined perfusable channels. We then characterized the cells’ 
capacity to differentiate into both syncytiotrophoblast and extra-
villous cytotrophoblast cells, by quantifying fusion efficiency and 
degree of invasion (immunofluorescence). Once our healthy mod-
el was established, we challenged it with physiological concen-
trations of commonly prescribed drugs. We observed significant 
changes in ST barrier integrity (dextran permeability assay) and 
EVT invasion capacity (cell tracking), demonstrating the potential 
utility of this model in drug safety studies. Further, our placental 
AngioPlate model is compatible with standard 384-well plate cul-
tures and can be scaled up to meet the needs of high-throughput 
studies.

Presentation: Oral

713

Validating the wildling mouse 
model: An interdisciplinary 
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natascha-ingrid.drude@charite.de 

The Wildling model is a new mouse model with a natural microbi-
ome that can improve the generalizability and translational poten-
tial of preclinical models by better reflecting human immune sys-
tem interactions. 

To systematically evaluate the potential of this model, Charité 
3R funded a consortium bringing experimenters and meta-re-
searcher together. The project aims to prepare an evidence-based 
decision about the extent of Wildling facilities at Charité. To do 
so, the potential of Wildlings will be assessed through an experi-
mental evaluation of the external model validity in various disease 
models including influenza, lung infection, kidney injury, cystic 
fibrosis, Alzheimer, cancer, and stroke. Uniquely, the consortium 
is complemented by a meta-research and support project that en-
sures robust evidence generation, high scientific rigor, and harmo-
nization of procedures and score sheets. We will investigate, how 
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Effects of Lactobacillus plantarum  
on a human induced pluripotent stem 
cell derived intestinal epithelial  
cell model in comparison with human  
in vivo data and a Caco-2 cell  
based model
Aafke Janssen1, Loes Duivenvoorde1, Paul Vos2, 
Shanna Bastiaan-Net2, Monic Tomassen2, Peter van 
Baarlen3, Bart van der Hee3 and Meike van der Zande1 
1Wageningen Food Safety Research – Wageningen University & Research, 
The Netherlands; 2Wageningen Food & Biobased Research – Wageningen 
University & Research, The Netherlands; 3Dept. Host-Microbe 
Interactomics – Wageningen University & Research, The Netherlands 

meike.vanderzande@wur.nl 

Some commensal bacteria, like Lactobacillus plantarum, stimu-
late the immune system and could play a role in the induction of 
immune tolerance. The human colonic adenocarcinoma cell line 
Caco-2 is a widely applied model to study effects on the intestinal 
barrier. This model comprises enterocytes and lacks a mucus lay-
er and may not adequately represent human physiology. Human 
induced pluripotent stem cell (hiPSC)-derived intestinal epithelial 
cell (IEC) layers contain a mucus layer and consist of different in-
testinal cell types. They may represent a more physiologically-rel-
evant model to study effects of bacteria, but so far limited data is 
available comparing the IEC model, the Caco-2 model and human 
in vivo data. 

Immune-related responses were compared between the IEC and 
Caco-2 model. Exposure to an inflammatory cytokine cocktail in-
creased expression of antimicrobial peptides and pro-inflamma-
tory cytokines to the highest extent in the IEC model. To evalu-
ate whether L. plantarum affects immune responses, both models 
were exposed for 24 h to L. plantarum before adding the inflam-
matory cytokine cocktail. Compared to inflamed conditions, ex-
posure to L. plantarum decreased barrier integrity without caus-
ing cytotoxicity. Gene expression data from initial studies showed 
minor (but significant) effects on several immune-related genes. 
Transcriptomics analysis (RNAseq) comparing healthy and in-
flamed IECs and Caco-2 cells, and in vivo data from the duode-
num of healthy humans exposed to L. plantarum is ongoing. 

The hiPSC-derived IEC model showed more pronounced im-
mune-related responses than the Caco-2 model and is a promising 
novel in vitro model to study effects of bacteria on the intestinal 
barrier.

Presentation: Oral

716

Application of refinement to reduce  
the number of primates  
used in biomedical research and  
improve their welfare
Melanie Graham1 and Mark Prescott2 

1University of Minnesota, United States; 2NC3Rs, United Kingdom 

mark.prescott@nc3rs.org.uk 

When there are no alternatives to using primates in regulated re-
search and testing, they are subject to scientific procedures that 
have the potential to cause harm. These harms, combined with 
keeping primates in laboratory conditions, are balanced against 
the potential to improve the quality of life of animals and humans 
gained from their use. There is a growing body of evidence demon-
strating the inextricable link between animals’ welfare with experi-
mental outcomes affecting the accuracy and reliability of scientific 
output. Refinement can be used to mitigate harms across their life-
time by improving breeding conditions, trial design, environment, 
sociality, as well as introducing opportunities for choice through 
play or cooperative training. Taken together, these components 
form a comprehensive program in primate behavioral management 
that can be applied across disciplines with the advantage of pro-
moting a strong culture of care. Alongside the direct welfare bene-
fits, there is empirical evidence in human clinical medicine that pa-
tient-centric care results in better diagnostic and clinical outcomes, 
reduced anxiety and distress, adherence to treatment, and stronger 
patient satisfaction. Evidently these same factors can affect the va-
lidity of an animal model, so it is logical to equally prioritize in the 
non-clinical setting to avoid costly translational failure of promis-
ing therapies. Refinements must be integrated at all stages of a pri-
mate’s life to improve their welfare by providing opportunities for 
positive experiences and conditions that enable effective coping. 
We present evidence-based welfare and scientific benefits result-
ing from the successful application of Refinement and subsequent 
impact on achievement of Reduction.
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on the white papers that we created to understand the landscape of 
non-animal research in India. We have been conducting a month-
ly webinar series for the last two two years; several Adverse Out-
come Pathway workshops across the country that resulted in two 
AOPs being submitted to the AOPwiki by two Indian scientists. 
In Oct 2022, we received a grant from European Molecular Bi-
ology Organisation (EMBO) to conduct the first-ever India EM-
BO Lecture Course on Microphysiological systems (MPS) which 
brought together both the Indian and international communities of 
researchers working on cutting-edge MPS technologies. We have 
also recently started a virtual lab series via which undergradu-
ate students will get exposed to a lab working on human-relevant 
technology in India virtually. Under the policy vertical, we con-
ducted two high-level multistakeholder meetings with the govern-
ment and regulatory bodies in India towards advancing this field 
in India. Through a combination of these activities, we are raising 
awareness for non-animal methods, training the students and re-
searchers in these technologies, creating a pipeline for indigenous 
development of these technologies in India, connecting the com-
munity of researchers, industry personnel, regulators, and govern-
ment bodies together to develop India as a key player in the area of 
human-relevant research in the coming decade.
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Free, open access training 
and competence assessment 
tools – No excuses left!
Susanna Louhimies 
European Commission, Belgium 

susanna.louhimies@ec.europa.eu 

Professional competence is the corner stone of ensuring appropri-
ate care and welfare of animals used in research and testing. It is 
built on the basis of high-quality education, training and continued 
professional development. The tools to develop, assess and main-
tain competence should be accessible to all those involved in care 
and use of animals. 

Thanks to a funding by the European Parliament, a number of 
activities are taking place to support high quality, accessible and 
affordable training for all. These projects cover a wide range of 
activities with the specific focus on developing open access edu-
cational and training tools and resources for a variety of target au-
dience ranging from secondary school to early career scientists, 
from training providers and trainees to competence assessor. 

Modern technologies play an increasingly important part in to-
day’s educational delivery. The offered tools will use interactive 
learning techniques for example those used in open access eMod-
ules. These can be accessed through a central user-friendly plat-
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The OECD vision of a global chemical  
knowledge base: Towards 
integration of tools and databases
Ester Carregal Romero and Patience Browne 
Organisation for Economic Co-operation and Development (OECD), France 

ester.carregalromero@oecd.org 

The Organisation for Economic Co-operation and Development 
(OECD) visualises the creation of a Global Chemicals Knowledge 
Base (GCKB) as a reaction to the existing growth in the volume of 
data on the safety of chemicals and the rapid spread of databases 
capturing only some pieces of this information. 

The GCKB builds on the current OECD IT tools environment 
which is based on standardised templates for reporting chemical 
test summaries (i.e., the OECD Harmonised Templates – OHTs). 
The OHTs are a key feature of the vision, in which the concept is 
to have chemical data that is integrated in a structured database 
(IUCLID) and is interoperable with analytical tools (QSAR Tool-
box), tools to build predictive models (AOP-KB), links to verified 
data sources that include additional data (eChemPortal) and are 
compatible with third-party databases and model development. 
Part of this work is also a plan to harmonise ontologies. 

The OECD anticipates huge benefits brought by a consolidat-
ed global knowledge base. The GCKB could be used by public 
authorities and other stakeholders for the hazard assessment and 
management of chemicals or to support chemical safety deci-
sion-taking. The information accessible through the GCKB could 
be also used for other applications such as to support the use of 
new approach methodologies in regulatory contexts, and to inform 
predictive toxicology, data mining or machine learning applica-
tions.
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Advancing and enabling human-
relevant research in India
Surat Parvatam and Kasturi Mahadik 
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CCMB, India 
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The Centre for Predictive Human Model Systems has been work-
ing towards enabling human-relevant research in India for the last 
four years. Our activities have been targeted at four verticals: edu-
cation/training, public outreach, policy, and creating a community 
of human-relevant researchers in India. These verticals are based 
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Nonhuman primate research 
ethics beyond the 3Rs
Andrew Fenton 
Department of Philosophy, Dalhousie University, Canada 

atf@dal.ca 

Though much work in applied ethics assumes the prominence of 
formal justice considerations – that like should regarded alike – 
this remains under appreciated, if not ignored, in the animal sci-
ence communities. This lies in significant tension with an increas-
ingly common refrain that the scientific use of animals adheres to 
our highest ethics standards. Though the 3Rs can be supported by a 
principle of non-maleficence, one that is related to a well-respect-
ed principle in applied ethics, our highest ethics standards require 
much more. This talk will show how formal justice considerations 
along with our best scientific understanding of nonhuman primate 
minds nudge us beyond a fixation on non-maleficence, however 
non-maleficence is understood. It is not uncommon to use humans 
as the comparison in using formal justice to leverage greater moral 
regard for other animals, but this talk will show how changes in the 
regard for research chimpanzees in the US also supports re-seeing 
our moral obligations to primates who are not great apes. More-
over, changes already afoot in how animals are treated while bred, 
raised, or used in science are best understood as reflecting a move 
beyond non-maleficence. Though this talk will argue that those 
changes are not enough, they require repositioning the 3Rs as sup-
plementary to more core ethics commitments and call for a new 
approach to animal research ethics.
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“Adverse outcome pathways:”  
A perfect framework  
on which to build a thesis
Catherine Willett 
Humane Society International, United States 

kwillett@hsi.org 

The AOP framework provides a structure for collecting, organizing 
and reviewing biological information that is perfectly suited to for-
mulating a solid research project. Central to the AOP framework 
is the AOP Wiki, a freely available online tool for crowdsourcing 
biological information. The planning of a nascent research project 
benefits greatly from a structured search of existing information; 
the AOP Wiki fields, if extracted as a template, provide a guideline 
for organizing this information as either key events (KE) or key 

form hosted by ETPLAS, the Education and Training Platform for 
Laboratory Animal Science. Several such tools have already been 
completed and are available for those interested. The on-going 
projects include development of further tools with a specific focus 
on supporting competence assessment – irrespective of where in 
the world it is needed.
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Non-technical project summaries  
to direct funding decisions  
on research on alternatives
Susanna Louhimies 
European Commission, Belgium 

susanna.louhimies@ec.europa.eu 

Transparency should be one of the corner stones of a legal frame-
work under which animals are used in research and testing. Trans-
parency is also one of the three key aims of the legislation in place 
in the EU today. Not only are detailed annual statistics on animal 
use published through an open access database, researchers are al-
so required to provide a clear and easily understandable non-tech-
nical project summaries of new projects authorised to use live an-
imals. Since July 2021, these non-technical project summaries are 
also available to anyone interested through an open access EU da-
tabase, ALURES NTS. 

Non-technical project summaries provide better understand-
ing on why and how animals are still used today; the areas of use 
and the severities related to such uses. But equally, information 
on how the Three Rs are being implemented in specific projects. 
Non-technical project summaries can also provide further insight 
into the type of research activities that are on-going in specific ar-
eas, for example related to specific human diseases. 

Decisions on research funding for the development of new al-
ternative approaches can use these tools to focus on areas using 
high numbers of animals, and those resulting in highest severities. 
Non-technical project summaries can also provide further under-
standing into the obstacles in replacing animals in these areas. To-
gether with statistical data, we have better tools than ever before 
to ensure that investments into alternatives are made in areas that 
can have a real impact on reducing animal numbers and suffering.
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the cecal ligation and puncture (CLP) model, considered the gold 
standard; and the lipopolysaccharide (LPS)-induced model, which 
is claimed not to adequately represent the disease in humans. 

A publication and webinar are planned to disseminate the find-
ings and discuss how FIMD can be applied by different stakehold-
ers to avoid the use of animal models with low translational rele-
vance, promoting the identification and implementation of models 
more likely to predict the human response instead.
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Qualification of the devTOX 
quickPredict assay  
for regulatory use under  
the ICH S5(R3) guidelines
Jessica Palmer 
Stemina Biomarker Discovery, United States 

jpalmer@stemina.com 

Multiple regulatory agencies have released new guidelines per-
mitting the use of new approach methods (NAMs) in conjunction 
with or in place of the traditional in vivo embryo-fetal develop-
ment (EFD) studies. In particular, the ICH S5 (R3) guideline de-
fines specific scenarios where qualified NAMs can be used to de-
fer or replace conventional in vivo testing. The human pluripotent 
stem cell-based devTOX quickPredict (devTOXqP) assay predicts 
a compounds developmental toxicity potential based on changes 
in ornithine and cystine metabolism and has been used by multiple 
industries for almost a decade. devTOXqP has an accepted letter 
of intent with the FDA’s Center for Drug Evaluation and Research 
Biomarker Qualification Program to qualify the assay as a safety 
biomarker for detecting human developmental toxicity potential in 
vitro at the nonclinical stage of drug development for small mole-
cule drugs as part of a weight-of-evidence assessment as described 
the ICH S5(R3) guideline, which will enable regulatory use of 
the assay in the pharmaceutical industry. As part of this qualifica-
tion, we have evaluated the performance of the assay across a di-
verse set of 89 pharmaceuticals, including the ICH reference com-
pounds. The assay predicted the developmental toxicity potential 
of these pharmaceuticals with a balanced accuracy of 85% (83% 
sensitivity, 88% specificity). The devTOXqP assay provides data 
on human response and is a necessary addition to protect human 
health, replace (in certain cases) and reduce animal testing, and to 
help to reconcile discordant information from the required in vivo 
endpoints.
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event relationships (KER) and captures several dimensions of the 
information (species, life-stage, sex), and if relevant, any linkage 
to a known external perturbation (chemical, virus, or other envi-
ronmental factor). The wiki fields for describing KER also provide 
a framework for evaluating biological information, including as-
pects of biological plausibility, empirical evidence, temporal con-
cordance and uncertainties and inconsistencies. Perhaps one of the 
most powerful advantages of implementing a research topic as an 
AOP is that the wiki links this information to all other information 
in the wiki and this advantage only grows with increased participa-
tion. To support this approach, the existing model of AOP review 
by scientific journals could serve as a catalyst and precedent for re-
quiring AOP implementation as a condition of research funding, 
either by public sources, or through private research foundations. 
Using the AOP framework as a foundation ensures that the new 
research builds on the current state of knowledge, avoids dupli-
cation, facilitates publication and allows the research to focus dis-
covery in areas that lead to the greatest impact.
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Using a standardized tool to  
assess the translational  
(ir)relevance of animal models
Bianca Marigliani1, Guilherme Ferreira2 and Helder 
Constantino3 
1Humane Society International, Brazil; 2GSK, The Netherlands; 3Humane 
Society International, Belgium 

bmarigliani@hsi.org 

The high failure rates in drug development have fueled the debate 
on the translational relevance of animal models of human diseas-
es. The reason for high attrition rates is multifactorial and includes 
internal and external validity issues. The Framework to Identify 
Models of Disease (FIMD) is a question-based tool developed to 
standardize the assessment, validation and comparison of disease 
models, aiming to evaluate the predictive value of these models 
based on a translational rationale, which results in a final score that 
indicates the similarity to the human condition. 

The Biomedical Research for the 21st Century (BioMed21) Col-
laboration designed a pilot study to evaluate the applicability of 
FIMD to identify animal models with low translational relevance 
and the usefulness of the results to drive change in animal research 
funding and the use of animal models. 

For the pilot study, sepsis was chosen as indication because of 
the high failure rates in the clinic and availability of models of 
differing etiologies. Two models were selected for comparison: 
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Chronic drug-induced cardiotoxicity 
assessment using in vitro human 
iPSC-cardiomyocytes and  
human heart slices: A multi-platform  
study conducted by the  
HESI Stem Cell Working Group
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International guidelines (ICHS7) describe assays to detect drug-in-
duced acute delayed ventricular repolarization and proarrhythmic 
risk, but do not address potential chronic drug-induced chang-
es in electrophysiology, cardiac structure or function. For exam-
ple, anthracyclines, some tyrosine kinase inhibitors and ion chan-
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New approaches to comparing 
potencies and hazards of  
emerging BPA alternative chemicals
Geronimo Matteo1,2, Karen Leingartner2, Andrea 
Rowan-Caroll2, Matt Meier2, Andrew Williams2, 
Marc Beal3, Matt Gagne4, Reza Farmahin4, Shamika 
Wickramasuriya4, Anthony Reardon4, Tara Barton-
Maclaren4, Carole Yauk1 and Ella Atlas2,5 
1Department of Biology, University of Ottawa, Canada; 2Environmental 
Health Science and Research Bureau, Health Canada, Canada; 3Bureau 
of Chemical Safety, Health Canada, Canada; 4Existing Substances Risk 
Assessment Bureau, Health Canada, Canada; 5Department of Biochemistry, 
University of Ottawa, Canada 

gparo031@uottawa.ca 

Many countries worldwide have shifted away from bisphenol A 
(BPA) due to health concerns, leading manufacturers to increas-
ingly use BPA alternative chemicals. We used global gene expres-
sion profiling to compare potencies, assess estrogenicity, and iden-
tify potential modes of action of BPA and several alternative chem-
icals individually and as mixtures. 

MCF-7 breast cancer cells were exposed to the chemicals 
(0.0005-100 µM) for 48 h. TempO-Seq sequencing (BioSpyder  
Inc.) was used to examine general toxicological effects and es-
trogen receptor alpha (ERα)-associated transcriptional chang-
es. Benchmark concentration (BMC) analysis was conducted to 
identify global transcriptomic points of departure (tPOD). ERα ac-
tivation was evaluated using a published ERα biomarker and an 
ERα-specific tPOD was also derived. Genes fitting BMC models 
were subjected to upstream regulator (UR) and canonical pathway 
analysis in Ingenuity Pathway Analysis. 

Potency ranking using global tPODs established bisphenol AF 
(BPAF) as the most potent chemical tested overall. The ERα tPOD 
also highlighted BPAF as the most estrogenic chemical tested and 
the ERα biomarker identified novel ERα activators among da-
ta poor alternative chemicals. URs and canonical pathways per-
turbed by BPA and alternative chemicals revealed modes of action 
associated with cell cycle control, proliferative signaling, and can-
cer. Effects of BPA alternatives in mixtures are predicted to be ad-
ditive due to common molecular targets. 

These data suggest that many of the BPA alternative chemicals 
are ERα activators and alter gene expression in MCF-7 cells. This 
study provides baseline data to inform read-across and prioritize 
these chemicals for further assessment.

Presentation: Oral

mailto:jpalmer@stemina.com
mailto:gparo031@uottawa.ca


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 156

740

A path forward for new approach 
methodologies for developmental 
immunotoxicity testing
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To date, developmental immunotoxicity (DIT) testing is intimate-
ly linked to the use of whole animal studies with inherent limita-
tions in translatability to humans. Moreover, human clinical infor-
mation on the effects of drugs and other exposures on the devel-
oping immune system are scarcely available. Therefore, there is 

nel trafficking inhibitors are linked to increased risk for cardiotox-
icity over prolonged and cumulative exposure periods. Moreover, 
the specific mechanisms of cardiotoxicity remain unclear. There 
is an urgent need to better understand the risk of long-term dete-
rioration of cardiac function. The HESI Cardiac Committee orga-
nized and executed multisite studies to assess the effects of pro-
longed exposure of 12 reference drugs known to affect the human 
heart. In vitro assays with different technologies employing human  
iPSC-cardiomyocytes in 2D monolayers and 3D microtissues 
and adult heart slices were used to test 12 drugs chosen to address  
4 critical endpoints of cardiac function: energetics; electrophysiol-
ogy; contractility; cardiac structure. These compounds were tested 
on 24 different platforms yielding 50 biomarkers related to cardi-
ac structure and function. These biomarkers were monitored for 
an exposure period of up to 144 hours. This large dataset provides 
information on the sensitivity of key biomarkers of cardiac struc-
ture and function necessary to detect chronic cardiotoxic actions 
of drugs.
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mia). Aside clear Refinement benefits, HCM has also Reduction 
implications, not only because more data can be obtained without 
need for additional animals, but also because it reduces handling 
stress-related variability, a source of experimental “noise”, hence 
requiring smaller sample sizes for detecting a given effect size. 
This talk will cover how HCM can reduce the impact of routine 
procedures, based on our research on stress-induced hyperther-
mia using contactless technology. It will also present our in-house 
developed low-cost HCM system, and the TEATIME Cost action 
(http://cost-teatime.org) bringing together researchers to improve 
animal behaviour research by HCM.

Reference
[1] Blenkuš et al. (2022). doi:10.3390/ani12020177 
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Survey says: How Canadians view  
the use of animals in post-
secondary education & training
Liz White, Twyla Francois, Troy Seidle, Stephanie 
Brown and Lia Laskaris 
Animal Alliance of Canada Fund, Canada 

twyla@animalalliance.ca 

More than 150,000 animals are used in the education and training 
of individuals in post-secondary institutions in Canada every year. 
Complete replacement of those animals with fully humane curric-
ula is possible, so why has this not happened? The simple answer – 
the Canadian public is unaware of the issue. This is no accident; it 
is a purposeful strategy to make it difficult and often impossible to 
get any information about animal research in Canada. 

The Canadian Council on Animal Care (CCAC) is exempt from 
the Access to Information Act. Denial of information as experi-
enced in Ontario is cloaked in alleged threats to researchers and 
their facilities by the animal rights community. Hence, there is lit-
tle to no public discourse about what happens to research animals 
in Canadian laboratories. 

Featuring the results of a comprehensive survey commissioned 
by the Animal Alliance of Canada Fund conducted in 2023, this 
presentation will outline how Canadians view the various issues 
inherent in the use of animals in post-secondary education and 
training, such as the use of colony animals, the painful and inva-
sive procedures practiced on them and the issue of pound seizure 
for sourcing of animals. 

The presentation will close with strategies animal protection or-
ganizations and scientists can use to bring about greater awareness 
among the general public, foster a more educated discourse with 

a critical need for the development of non-animal New Approach 
Methods (NAMs) for applied and regulatory DIT testing purpos-
es. Due to the complex nature of the effects and partially missing 
information on interrelationships in the developing immune sys-
tem, only few NAMs have been developed. None of these have 
been accepted for regulatory purposes. The “International Work-
ing Group on Alternatives to Developmental Immunotoxicity Test-
ing” is identifying and addressing critical knowledge gaps in the 
field of alternative DIT. Efforts to translate scientific advances in-
to a network of key molecular and biological events, and adverse 
outcome pathways that can inform regulatory hazard characteri-
zation or risk assessment will be discussed. Examples of existing 
NAMs that are appropriate for DIT testing will be provided. Areas 
in need of the development of new DIT models and tests will be 
highlighted through the introduction of a novel conceptual frame-
work to encourage the refinement, development, and validation of 
NAMs suitable for (high throughput) screening DIT compounds. 
A future outlook on how ground-breaking innovations and state-
of-the art technologies can benefit the switch to alternatives to DIT 
will be presented. Ultimately, the goal is to develop alternative 
DIT screening methodologies and test guidelines that can be incor-
porated into OECD guidance documents.
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Animal welfare and 3Rs advantages 
of home-cage monitoring systems
Nuno Henrique Franco1, Urša Blenkuš1, Diogo 
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Home cage monitoring (HCM) can be defined as a technology 
for continuous and non-invasive collection of behavioural and/or 
physiological data on animals in an enclosure that provides food, 
water, social contacts, and environmental enrichment. It applies 
cameras, sensors, and other devices to collect data on activity, 
movement, feeding, drinking, and other physiological parameters 
in undisturbed animals, providing a comprehensive understand-
ing of animal responses to experimental treatments without the 
impact of handling and the measurement procedures themselves 
[1], thus benefitting both animal welfare and the reliability of re-
sults. Furthermore, HCM systems can detect subtle changes in an-
imal behaviour or physiology that traditional observational meth-
ods cannot, monitor animal health and welfare parameters (e.g. 
body temperature), and allow intervening if an animal shows signs 
of distress or goes beyond a predefined threshold (e.g. hypother-

http://cost-teatime.org
https://doi.org/10.3390/ani12020177
mailto:twyla@animalalliance.ca
mailto:nfranco@ibmc.up.pt


Oral PresentatiOns

ALTEX Proceedings 11(2), 2023, WC12 Canada 158

753

Better animal welfare and 
better science? – Observations 
by a former inspector
Kathrin Herrmann1,2 

1Johns Hopkins Bloomberg School of Public Health, Center for Alternatives 
to Animal Testing (CAAT), United States; 2Senate Department for the 
Environment, Urban Mobility, Consumer Protection and Climate Action, 
Berlin, Germany 

kherrma1@jhu.edu 

For almost a decade, Kathrin Herrmann worked as a federal regu-
lator, inspecting animal experiments in Germany. Kathrin felt that 
as a veterinarian she should work within the current system to help 
improve the lives of individual animals used in the name of sci-
ence. By inspecting numerous animal laboratories and breeding fa-
cilities and assessing countless animal research proposals and their 
scientific outcomes (if they were published), Kathrin became ex-
ceedingly aware of the considerable harms involved and the scien-
tific flaws of animal-based research. Alongside her work as an in-
spector, Kathrin carried out a research project, assessing the use of 
refinement in practice. She focused on experimental refinements in 
over 500 animal research applications comprising recovery surgi-
cal procedures from around Germany. Her published results show 
that the evaluated proposals did not incorporate all existing mea-
sures to avoid needless suffering; this confirmed the trends found 
in other reviews of published animal studies from around the 
world. Considering that almost all animal research proposals are 
being authorized in the EU, combined with the generally still poor 
quality of animal studies, so-called competent authorities seem to 
be unequipped to ensure that only research projects that have a re-
alistic potential to produce benefits, which outweigh the harms in-
flicted on the animals, are granted licenses. The poor application of 
refinement methods in laboratories and a malfunctioning regulato-
ry body emphasize that existence of refinement methods does not 
lead to their application and thus does not lead to improved quality 
of animal experimentation, let alone to improved translation.
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The legislative and advocacy 
road to reform
Aviva Vetter 
Humane Society International, Canada 
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It’s been a decade since the European Union made history by im-
plementing a landmark ban on animal testing for cosmetics and 
the sale of newly animal tested cosmetics, establishing itself as the 

curricula developers and convince governments to mandate the 
funding bodies, CCAC and research facilities to conduct research 
in an open and transparent manner.
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New Approach Methods (NAMs) like in vitro bioactivity data, in 
vitro-in vivo extrapolation (IVIVE), and in silico approaches (e.g. 
quantitative structure activity relationships (QSARs)) can be used 
as part of Integrated Testing Strategies (ITS) to reduce animal 
use and to address significant data gaps. However, application of 
NAMs for scientific evaluations and decision-making requires ex-
pert judgement, a careful evaluation of the results (Applicability 
Domain, uncertainty) and it is not always clear how to select the 
right data in the correct context. 

Here we introduce the Exposure And Safety Estimation 
(EAS-E) Suite, a free on-line platform developed to bridge the gap 
between evolving scientific research and regulatory assessment 
challenges. EAS-E Suite facilitates the integration, and application 
of various curated databases, QSARs, environmental fate, Physi-
ologically Based Kinetic (PBK), exposure and risk estimation 
models. The platform includes curated, measured physical-chem-
ical properties, environmental biodegradation and toxicokinet-
ic data for > 50,000 chemicals, QSARs for predicting chemical 
information if measured data are unavailable, and tools such as 
the PROduction-To-EXposure High Throughput (PROTEX- 
HT) model to simulate aggregate (far-field and near-field) expo-
sures to humans and ecological receptors. EAS-E Suite provides 
opportunities to address regulatory challenges for new and exist-
ing chemical assessments for ecological and human health objec-
tives. It supports a One Health approach to chemicals management 
and guides the safe and sustainable production and use of chemi-
cals in society. A case study illustrates how the platform integrates 
various data sources and knowledge across multiple disciplines to 
reduce uncertainty, improve chemical management and support 
decision-making.
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a recent universal transcriptomics pipeline (R-ODAF). BMDEx-
press3 was used to determine benchmark concentrations (BMC) 
for all gene expression changes for each PFAS and mixture. The 
genes with the 25th lowest ranked BMC for each mixture or PFAS 
were used as their transcriptomic point of departure, indicating 
toxicity. BMCs were first used to determine potencies of individ-
ual PFAS and PFAS mixtures. Mixture BMC predictions were al-
so calculated from component potencies using concentration addi-
tion, which sums the potency of each component by their propor-
tion in the mixture. Empirical mixture potencies closely matched 
those found through concentration addition, suggesting this meth-
od may be acceptable for estimating the effects of PFAS mixtures 
and supporting the concept that PFAS may cause their effects 
through shared mode(s) of action and likely do not have synergis-
tic or antagonistic interactions.
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Hazard and risk assessment of a new 
cosmetic ingredient using validated 
methodologies and new approach 
methodologies (NAMs): A case study
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Legislations across the globe have banned animal tests of cos-
metics and new ingredients. Despite the evolution of alternative 
methods, not all questions can be addressed using only the val-
idated methods recognized by international institutions. Integra-
tion of NAMs and the use of Next Generation Risk Assessment 
strategies can help us overcome some of these gaps. Here, we em-
ployed an Integrated Testing Strategy (ITS) to evaluate key toxi-
cological aspects of a new cosmetic ingredient that has a natural 
macromolecular sun blocker potential considering its application 
in facial makeup and sunscreen. The ingredient was classified as 
“non-irritant” dermal and ocular based on the results of tests fol-
lowing OECD Guidelines 429, 491, and 492. Tier 1 phototoxic-
ity test (OECD 432) resulted in a PIF of 2.7, meaning a possi-
ble phototoxic potential. In tier 2, this classification was refuted 
based on the negative result from the phototoxicity test with a tri-
dimensional skin model (OECD 498). Regarding the genotoxici-
ty potential, despite the negative result in the Ames test (OECD 
471), the micronucleus (OECD 487) indicated a genotoxic effect. 
Further investigation was done using the ToxTracker test (Toxys) 
which confirmed the non-genotoxic classification. Sensibilization 
evaluation, in the “2 out of 3” approach, classified the ingredient 

world’s largest cruelty-free beauty market. NGOs including Hu-
mane Society International launched global initiatives to extend 
the EU precedent to other key cosmetic markets, inspiring policy 
reform in more than a dozen additional countries. These reforms 
would not have been possible without increased policy conver-
gence and collaboration among NGO and industry stakeholders, 
including Lush, Unilever, Proctor & Gamble, Avon, L’Oréal and 
other brands and associations. 

Here we present a decade of progress of the legislative and ad-
vocacy road to reform in 42 countries that have banned cosmetic 
animal testing to date, including how we overcame policy chal-
lenges, increase capacity building and adapted to meet cultural 
differences. Furthermore, we will also include an overview of the 
current efforts legislative efforts to secure robust bans in key beau-
ty markets.
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of global gene expression in human 
liver spheroids suggests PFAS 
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Per- and polyfluoroalkyl substances (PFAS), so called “forever 
chemicals”, are persistent, widespread contaminants, making ex-
posure to PFAS mixtures a concern. PFAS have long biological 
half-lives measuring in years and can have serious consequenc-
es to health through long-term disruption of biological pathways. 
The objective of this study was to determine the concentrations of 
single PFAS and PFAS mixtures that elicit changes that suggest 
toxicity and determine if the model of concentration addition can 
provide an accurate estimate of mixture potency. Previous studies 
from our group have used high-throughput transcriptomic analy-
sis of PFAS exposed primary human liver spheroids to examine 
effects of PFAS exposure. New data for PFAS-mixture exposures 
were collected and analyzed along with our previous data using 
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hearts through teaching innovative, 
humane science and bioethics
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Major deficiencies in scientific rigor of animal experiments have 
become increasingly apparent, ultimately limiting both the repro-
ducibility and the translatability of animal experiments to human 
settings. Taking into consideration insurmountable interspecies 
differences, solely refining animal studies will not be sufficient 
to advance human healthcare. Consequently, Kathrin Herrmann 
developed a research and educational program at the Johns Hop-
kins Center for Alternatives to Animal Testing (CAAT) that criti-
cally appraises current animal use practices in science and scruti-
nizes both animal and non-animal models regarding their quality 
and validity with the goal being improvement of science in gen-
eral. At JHU, Kathrin has been teaching a course on humane sci-
ence that covers how to thoroughly search the scientific literature 
on human-relevant research methods and how to apply innovative, 
cutting-edge animal-free approaches in science. In addition, she 
offers a course addressing bioethics and particularly animal eth-
ics issues in science. These courses are rounded out by a monthly, 
free of charge webinar series for early career and established bio-
medical scientists on the latest developments in scientific methods 
as well as by workshops, tailored to the needs of scientists work-
ing or wanting to work with animal-free New Approach Method-
ologies (NAMs). Besides teaching the latest scientific advance-
ments, these courses and training modules help participants to im-
prove their critical thinking skills and thus have the potential to 
open hearts and minds and to reconsider existing belief systems. 
All these things are a prerequisite for accelerating the transition 
towards humane and human-relevant research practices and there-
fore to better healthcare for all.
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as a sensitizer (OECD 442C = positive, OECD 442D = negative, 
OECD 442E = positive). Nonetheless, GARDskin Dose-response 
test and Quantitative Risk Assessment 2, allowed the definition 
of a safe dose. We demonstrated that, by combining NAMs with 
OECD tests, we improve toxicity prediction and enable the use of 
new ingredients in cosmetic formulations.
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While the 3Rs principles are widely recognized as fundamental 
guidelines for ensuring ethical and humane treatment of animals 
in research and teaching, they are still not ubiquitously embraced 
across all disciplines of life sciences. A case in point is research 
on free-living animals, which often involves techniques and ap-
proaches that are detrimental to animal welfare. And yet, the ap-
plication of the 3Rs principles in wildlife research has significantly 
lagged behind that of research on laboratory animal models. Re-
cent studies suggested that awareness among wildlife research-
ers about the existence of the 3Rs principles is less than 50% and 
it is, therefore, essential to provide wildlife researchers with ad-
equate training. Since wildlife research differs significantly from 
research on laboratory animal models, the 3Rs strategies that are 
established and effective in laboratory settings need to be adjust-
ed to this discipline. However, the availability of 3Rs courses and 
teaching resources specific to research on free-living animals has 
been limited. This presentation will introduce several education-
al resources that we developed, including an informational web-
site, instructional videos, guidelines, and a course curriculum suit-
able for undergraduate degrees in wildlife biology, ecology, or spe-
cies conservation. We will also provide some insights and practical 
guidance for educators, researchers, and policymakers interested 
in promoting responsible animal use in wildlife research.
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Cleaning house – Doing away  
with outdated practices  
in sample size estimation
Otto Kalliokoski 
University of Copenhagen, Denmark 
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With the reproducibility crisis hitting the field of preclinical med-
icine there has been a renewed focus on proper experimental de-
sign. A key question concerns how many animals to use in an ex-
periment. Use too few and the science suffers; use too many and 
we are irresponsibly wasting animal lives. Trying to create prop-
erly powered studies can be difficult however, and consequently 
some old, simpler, methods have been dusted off and put to use. 

An alternative method that is seeing a revival is Roger Mead’s 
Resource Equation. Although taught in many textbooks, this 
method has no actual statistical basis. It was never even conceived 
as a method for obtaining sample sizes. It will recommend inap-
propriately small experiments, consistently leading to underpow-
ered studies. Together with similar methods, based on equally 
faulty logic, these methods contribute to, rather than address, the 
reproducibility crisis. 

Software-aided methods for power analysis will outperform the 
Resource Equation and its ilk at every turn. We can demonstrate 
this, empirically, using computer simulations and data from prop-
erly conducted animal studies. The Resource Equation will only 
work in discovering obvious effects, since it is a solely luck-based 
strategy. 

We need to stop using these methods for dimensioning our stud-
ies. Guesswork should not be the foundation for important stud-
ies. It is both a waste of animal lives and damaging to science. It 
is time to do away with old practices, it is time to update our text-
books, and it is time to embrace new and better methods.
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Accounting for in vitro and in vivo  
kinetics in quantitative in vitro 
to in vivo extrapolations of 
organophosphate pesticide toxicity
Nynke Kramer 
Wageningen University, Wageningen, The Netherlands 

nynke.kramer@wur.nl 

The toxicity of organophosphate pesticides has been widely stud-
ied in animal models. However, next generation risk assessment 
requires the characterization of the risk of pesticide exposure using 
non-animal test methods. In this study, we developed physiologi-
cally based kinetic (PBK) models parameterised using in silico and 
in vitro-derived absorption, distribution, metabolism and excretion 
(ADME) data to extrapolate in vitro neurotoxic effect concentra-
tions to rat and human bioequivalent oral doses, a process referred 
to as quantitative in vitro-in vivo extrapolation (QIVIVE). The 
PBK model was developed for chlorpyrifos, diazinon, fenitrothi-
on, profenofos, chlorfenvinfos, and their respective bioactive me-
tabolites and evaluated using available toxicokinetic data obtained 
from rat studies. The model was subsequently translated to simu-
late human tissue concentrations of the bioactive metabolites using 
a population-based model. In vitro acetyl choline esterase (AChE) 
inhibition data from blood from different donors as well as human 
neuroprogenitor test (hNPT) data were subsequently used to ex-
trapolate in vitro effect concentrations to in vivo bioequivalent dos-
es. Tissue simulations and predicted points of departure (PODs) 
were generally within a 10-fold of observed in vivo plasma con-
centrations and regulatory PODs, respectively. Even though free 
concentrations in vitro varied significantly between chemicals and 
in vitro toxicity assays, accounting for in vitro kinetics (e.g., serum 
constituent and well plate plastic binding), using partition mod-
els, had only a minor effect on QIVIVE outcome. This PBK-based  
QIVIVE approach allowed us to define chemical specific assess-
ment factors to account for interspecies and interindividual differ-
ences in risk assessment.
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An advanced in vitro model of  
human blood-brain barrier 
and its interaction with brain 
cancer neurospheres
Bhumika Singh1, Jia-Ling Ruan2 and Eleanor Stride3 
1Kirkstall Limited, United Kingdom; 2Department of Oncology, University 
of Oxford, United Kingdom; 3Institute of Biomedical Engineering, 
University of Oxford, United Kingdom 

bhumika.singh@kirkstall.com 

The blood-brain barrier (BBB) plays a vital role in regulating the 
haemostasis of the brain but serves as the major obstacle that im-
pedes the efficient delivery of drugs. Therefore, developing nov-
el therapeutics that can cross the BBB is crucial in improving 
the treatment efficacy of brain diseases. Modelling BBB in vitro 
will thus facilitate the development of brain therapeutics and en-
able mechanistic investigation compared to in vivo models. This 
study aims to establish in vitro BBB models to further drug deliv-
ery investigation. Here we used the Quasi Vivo® fluidic system to 
establish the in vitro BBB culture under dynamic conditions and 
compare their permeability to the static in vitro BBB models. Hu-
man brain microvascular endothelial cells, astrocytes, and peri-
cytes were seeded on the transwell inserts. The permeability of the 
setup was measured by the trans-endothelial electrical resistance 
(TEER) and fluorescent dextran extravasation. We also modelled 
the BBB disruption using both chemical and physical methods. In 
addition, we were able to co-culture the dynamic BBB setup with 
human brain cancer neurospheres and studied the paracrine effects 
between BBB and cancer cells. Overall, this study demonstrated 
that the dynamic in vitro BBB system is a versatile tool for devel-
oping efficient therapy for brain diseases.
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Caring for science: CIRS-LAS for  
a constructive error  
culture in lab animal science
Sabine Bischoff and Astrid Enkelmann 
University Hospital Jena – Animal Welfare Office, Germany 

sabine.bischoff@med.uni-jena.de 

Suppose we openly talked about failed experiments or even mis-
takes – what would happen? 

Talking about critical incidents or unforeseen events leads to 
open minded discussions in the community of lab animal science. 
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A new documentary film 
series on humane innovations 
in veterinary education
Nick Jukes1 and Olivier Berreville2 
1InterNICHE, United Kingdom; 2InterNICHE Canada, Canada 

coordinator@interniche.org 

A documentary film series has been produced by InterNICHE to 
explore humane innovations and replacement of harmful animal 
use in veterinary education. Titled “DVM: Training the Animal 
Doctor”, the series of 4 episodes follows the trajectory of a veteri-
nary degree and shows how teaching objectives can be met ethical-
ly and effectively through the use of humane tools and approaches. 
These include virtual laboratories, advanced synthetic mannekins, 
ethically sourced cadavers from client donation programs, and 
clinical learning opportunities with animal patients. The series ex-
plores an on-going transition that reflects a growing commitment 
to best practice, a recognition of the advantages of “alternatives”, 
and an appreciation of the need for efficient methods that can meet 
the demand for competence upon graduation. It showcases depart-
ments from across the world that are at the forefront of progres-
sive change. Educators, students and producers share through in-
terview their experience of the development and implementation 
of humane methods, with a focus on knowledge and skills acqui-
sition. Demonstrations of these tools, and student practical classes 
employing them, are also featured widely. From the series, a diver-
sity of additional video material has been derived. With translation 
into over 20 languages, these resources have ongoing distribution 
to heads of department, administrators, students, and campaign-
ers. They are also available for inclusion in training materials. By 
demonstrating the successes of innovation in diverse contexts, and 
the feasibility of full replacement across all disciplines, the film se-
ries and its associated resources can support new transitions and 
encourage further enhancement of existing humane education.
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ic (PBK) model for amiodarone was constructed, parameterized 
using in vitro and in silico-derived kinetic data, evaluated against 
rat experimental data in literature, and used to extrapolate in vitro 
hepatotoxic and neurotoxic concentrations to human bioequivalent 
oral doses, an approach referred to as quantitative in vitro-in vivo 
extrapolation (QIVIVE). The model predicted significantly higher 
liver than brain levels of amiodarone after repeat dosing and thus a 
greater risk for hepatotoxicity compared to neurotoxicity.
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Cytotoxic and molecular effects  
of soil extracts from the 
Agbogbloshie electronic waste 
site on the rainbow trout RTgill-W1 
and human Caco-2 cell lines
Krittika Mittal1, Ke Xu1, Jingyun Zheng1, Stephane 
Bayen1, Julius Fobil2 and Niladri Basu1 

1McGill University, Canada; 2University of Ghana, Ghana 

krittika.mittal@mcgill.ca 

Electronic-waste (E-waste) sites are notoriously contaminated 
with complex chemical mixtures thus challenging environmen-
tal monitoring, management, and remediation activities. Since 
E-waste sites are typically situated in under-resourced regions, 
there are increasing demands for New Approach Methods (NAMs) 
to reduce the use of whole animal-based tests, and address re-
source limitation and ethical issues. The objectives of this study 
were to: A) characterize cytotoxic effects of soil extracts on the 
rainbow trout RTgill-W1 and human Caco-2 cell lines; B) measure 
gene expression changes in both cell lines to derive transcriptomic 
points of departure (tPODs); and C) compare the cytotoxicity and 
molecular results between cell lines to determine whether tPODs 
are protective of in vitro LC50 values, while also providing clues 
into possible toxic mechanisms of action. Extracts were prepared 
from 35 soil samples collected at 35 sites near the Agbogbloshie 
E-waste site (Accra, Ghana), including upstream (6), downstream 
(2), community (3), trade site (8), dump site (13), and burn site (3). 
Both cell lines were exposed to extracts at concentrations equiv-
alent to 9.38, 4.69, 2.34, 1.17, 0.59, and 0.29 mg dry weight of 
extract (eQsed)/ml. Cytotoxicity results showed that trade site #8 
was the most cytotoxic site for both cell lines, with Caco-2 cells 
being less sensitive than RTGill-W1 cells. Molecular responses 
will be measured by ultraplex RNA sequencing technology, from 
which tPODs will be calculated. This work is expected to support 
ongoing efforts in establishing efficient alternative testing strate-
gies for environmental monitoring and remediation activities in 
contaminated sites at resource-limited locations.
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By avoiding repetition of unsuccessful experiments, the number 
of laboratory animals and the severity of animal experiments can 
be reduced. 

Opportunities and limitations of an error reporting culture as 
well as pitfalls in the introduction of the global reporting system 
CIRS-LAS will be presented (Bischoff et al., 2018). How does 
it work? At CIRS-LAS.org, anyone can easily and anonymously 
submit a case report within a few minutes (Enkelmann and Bis-
choff, 2020). For this purpose, keywords are requested that enable 
a later search in the database, as well as information on the animal 
species, the background of the experiment or general information, 
a short description of the incident and a classification in a sub-
ject area. Applied refinement strategies can be mentioned, as well 
as suspected reasons and possible solutions. Currently, more than 
300 people are already using the database. More than 50 case re-
ports have already been uploaded and form the basis for learning 
from mistakes. Now is the time to take the next step: Make your 
experience visible by sharing it worldwide via CIRS-LAS.org – 
with the responsibility for robust research and animal welfare.

Presentation: Oral

774

Integrating transcriptomics, 
quantitative adverse outcome 
pathways, in vitro and 
in vivo kinetics to predict 
amiodarone toxicity
Nynke Kramer 
Wageningen University, Wageningen, The Netherlands 

nynke.kramer@wur.nl 

Amiodarone is a highly lipophilic drug used to treat arrhythmia. It 
is known to induce repeat-dose toxicity in the liver and the brain 
of patients. As such, it is a suitable chemical to assess whether and 
how new approach methodologies (NAMs) can be used to identi-
fy and quantify the health hazards associated with its exposure. In 
a first study, amiodarone was exposed to the human hepatoma cell 
line, HepaRG, to assess its potency to perturb key events along 
the adverse outcome pathway (AOP) for steatosis. Key events in-
cluded steatotic gene expression changes and triglyceride accu-
mulation assessed using high content imaging. Toxicokinetic-tox-
icodynamic (TK-TD) modelling was used to construct a quanti-
tative AOP for steatosis. In a second study, we exposed human 
induced pluripotent stem cells (hiPSCs)-derived BrainSpheres to 
amiodarone daily for 7 days. Our transcriptomics analysis revealed 
that amiodarone altered lipid metabolism gene expression at lower 
concentrations than in the hepatocytes, once differences in in vitro 
distribution kinetics between the two cell models were accounted 
for. In the third study, a probabilistic physiologically based kinet-
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munotoxicity including specificity and sensitivity and repeatabil-
ity across laboratories and researchers. Qualification of a NAMS 
for any endpoint including developmental immunotoxicity is not a 
simple or quick task and involves the use of reference and control 
compounds. It takes planning, flawless execution and cross labo-
ratory collaboration. The field of developmental immunotoxicity 
and its evolving knowledge and methods has the opportunity to 
contribute in the area of NAMS development to advance public 
health safety.
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Advanced in vitro models for 
nephrotoxicity risk assessment
Adam Pearson and Stephen Ferguson 
NIEHS, United States 

adam.pearson@nih.gov 

Nephrotoxicity is a major cause of kidney disease, a common rea-
son for drug development failure, and a contemporary challenge 
for chemical risk assessment in humans. Historically, tools for 
nephrotoxicity assessment consisted of 2D monocultures of un-
differentiated human- or animal-derived renal epithelial cells and 
mammalian animal models. These systems often fail to predict 
nephrotoxicity due to their limited ability to recapitulate funda-
mental aspects of human kidney structure and function. Renal in-
jury accounts for ~20% of drug candidate attrition during phase 
3 human studies but just 2% during pre-clinical studies. Proxi-
mal tubule (PT) cells are the most frequent site of damage as they 
transport and metabolize xenobiotics, leading to intracellular accu-
mulation of reactive metabolites, which can impair PT solute re-
absorption and disrupt essential nutrient homeostasis, causing neg-
ative health effects. 

In vitro systems that mimic human PT physiology hold the po-
tential to model and predict nephrotoxicity, toxicodynamics, and 
species differences. In this presentation, we introduce two types 
of advanced in vitro systems that we developed to address unique 
aspects of nephrotoxicity assessment: (1) screening level system – 
designed to create interpretive context for decision making by ef-
ficient survey of chemical structures, exposure dose/time, and re-
versibility – consisting of 3D microtissues of human PT cells that 
demonstrate enhanced differentiated longevity and sensitivity to 
nephrotoxic compounds compared to 2D cultures; (2) microphys-
iological system (MPS) that integrates microfluidics with tissue 
engineering to mimic in vivo dynamics and functions. Both types 
of advanced in vitro models are required to address contemporary 
challenges of NAMs-based risk assessments.
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How far should refinement go?
Joanna Makowska1,2 
1University of British Columbia, Canada; 2Animal Welfare Institute, 
Canada 

joanna.makowska@ubc.ca 

Ethical science mandates providing animals in research with a 
“good life” rather than merely reducing their negative experienc-
es. How far must refinement go to make any meaningful improve-
ments to animal welfare? This presentation will examine the im-
pacts of specific refinements to animal welfare and critically eval-
uate the number and type of refinements that may be required to 
achieve a good life for animals in research. The feasibility and 
likelihood of implementing these refinements in the real world – 
when considering barriers that are material (e.g., budget, space, 
time) and immaterial (e.g., institutional culture, psychology of 
change) – will be discussed.
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Regulatory considerations on 
new approach methodologies for 
developmental immunotoxicity
Steven Hermansky and Suzanne Fitzpatrick 
US FDA, United States 

steven.hermansky@fda.hhs.gov 

Developmental Immunotoxicity is a rapidly evolving field in both 
methods and advancing knowledge. As with other areas of chem-
ical safety evaluation, there are multiple reasons to move toward 
New Approach Methods (NAMS). These include improved rele-
vance to human biology, reduced use of animals and increased ca-
pacity for testing. Developmental Immunotoxicity has a real op-
portunity to advance the science and risk assessment process by 
focusing on the development of NAMS as the science evolves. The 
relevance and fit for purpose aspects of any NAMS is important 
to consider during development, qualification and implementation. 
NAMS that helps elucidate mechanism of action and identify po-
tential hazards may be useful to help clarify animal and epidemi-
ological data suggestive of a risk. While such data are potentially 
useful, regulatory decisions must depend on data based on appro-
priately qualified methods to ensure decisions are dependable and 
appropriately advance public health. To that end, a qualification 
program assesses NAMS for specific context of use, the regula-
tory question it addresses, relevance to human developmental im-
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Comparing transcriptomic,  
metabolic and behavioural points  
of departure in zebrafish  
larvae exposed to a diverse suite  
of toxicants
Jason O’Brien1, Jory Curry1,2, Tyler Nguyen1 and Jan 
Mennigen2 
1Environment and Climate Change Canada, Canada; 2Department of 
Biology, University of Ottawa, Canada 

jason.obrien@ec.gc.ca 

Transcriptomic dose-response modelling (TDRM) is a promising 
quantitative approach for characterizing hazard in chemical risk 
assessment. Evidence suggests that TDRM can generate transcrip-
tomic points of departure (tPODs) from short-term exposure stud-
ies that are protective estimates of long-term toxicity, thereby sig-
nificantly reducing the need for traditional long-term animal expo-
sure studies. However, the majority of this evidence comes from 
adult rodent models. Environment and Climate Change Canada is 
currently investigating the use of TDRM in a variety of ecolog-
ically relevant animal alternatives, including fish embryo-larval 
models (embryos/larvae that are incapable of independent feed-
ing are not regulated as animals in many jurisdictions, including 
Canada). Here, we present the findings from an ongoing study 
that compares tPODs to metabolic, behavioural and overt tox-
icity endpoints in zebrafish larvae exposed to a diverse suite of  
30 well-characterized toxicants. Gene expression was measured 
using Illumina whole-transcriptome sequencing or Qiagen 3’- 
UPXome sequencing. TDRM was conducted using BMDExpress 
software and tPODs were determined using pathway-based and 
pathway-agnostic approaches. Metabolic expenditure was deter-
mined using an Alamar Blue assay. Swim behavior was recorded 
over alternating light and dark periods using a ZebraBox tracking 
system. Metabolism, behaviour and overt toxicity points of depar-
ture (POD) were determined using the rcurvep R library. For each 
compound we compared the transcriptomic, metabolism, behav-
ioral and overt toxicity PODs determined in zebrafish larvae to tra-
ditionally derived PODs in adult fish reported in the literature. This 
study will provide important information for characterizing the re-
lationship between tPODs and traditional toxicity endpoints used 
for hazard assessment in fish.
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Gaps and considerations in oversight 
and research limitations in use of 
human nonhuman animal chimeras
Ann Lam 
Physicians Committee for Responsible Medicine, United States 

alam@pcrm.org 

The use of human-nonhuman animal chimeras in medical research 
raises important scientific, ethical, and legal questions about the 
validity and oversight of this experimental approach. This presen-
tation examines the current state of chimeric research, as defined 
by the integration of human stem cells with nonhuman animal em-
bryos. The outcomes of human-nonhuman animal chimeric stud-
ies purportedly provide insight into stem cell therapy, rehabilita-
tion science, and xenotransplantation. From the viewpoint of re-
search protections, it not only introduces new considerations into 
the current validity of monitoring the pain and suffering of ani-
mals used in research, but also reignites debate as to the biomedi-
cal enterprise’s ability to 1) self-regulate, 2) determine limitations 
of nonhuman-animal-based methodology, and 3) develop over-
sight to replace and reconsider animal use in translational science. 
We present an overview of the guidelines and regulations from 
countries and international research bodies that currently govern 
chimeric research and describe the gaps in oversight and broad-
er discourse. We highlight potential applications of chimeric re-
search and their possible intersections with existing regulatory and 
legal frameworks. Finally, we describe human-specific nonanimal 
methods that can reduce the reliance of nonhuman animal in vivo 
experiments and reflect on historical pitfalls in regulation of genet-
ic modified animals to help forge a more human-relevant path for-
ward using human stem cell science.
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Prioritising comparisons can decrease  
animal use
Steven Teerenstra 
Radboud University Medical Centre, The Netherlands 

z824116@umcn.nl 

Background: In many animal experiments multiple groups are 
used. These experimental groups can ensue from different treat-
ments or different kind of animals (e.g., immune-compromised or 
healthy). Often multiple comparisons between groups are made. 

Aim: Investigating how much prioritizing the order of conduct-
ing comparisons can decrease use of animals 

Methods: We consider a real case study with four groups: con-
trol, (known) active substance, enhancer under investigation, 
combination of active substance and enhancer under investigation. 
We present a sensible order of prioritization that was in line with 
the research goals of the researcher. Then we compare the fixed se-
quence testing procedure corresponding to this prioritization with 
the commonly used Tukey’s method for multiple comparisons. 

Results: In our case study, Tukey’s method resulted in 72 ani-
mals and fixed sequence testing in 40 animals 

Conclusion: Considering upfront whether a prioritization in the 
comparisons of interest is sensible and applying fixed-sequence 
testing according to the prioritization, may reduce the use of an-
imals.
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Spoiled milk? Replacing animal- 
derived blocking  
buffers in immunoassays
Justin Roberto, Lucas Vajko Siddall, Jessica Szawara, 
Ambreen Fahim, Andrew Hubberstey and Charu 
Chandrasekera 
Canadian Centre for Alternatives to Animal Methods, Canada 

jroberto@uwindsor.ca 

Since its introduction in the late 1970s, Western blotting has be-
come the most widely used immunoassay across the life sciences. 
While technology has improved significantly with sophisticated 
imaging equipment, Western blotting protocols have not changed 
much despite their role in the reproducibility crisis – blamed pri-
marily on poor specificity and sensitivity of animal-derived anti-
bodies. However, blocking/antibody incubation buffers often exac-
erbate the situation, for example, with high background, non-spe-
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High throughput cardiac ischemia 
model human-on-a-chip platform
Chase Miller1, Narasimhan Sriram1, Brandon Comiter1, 
Elizabeth Coln2, Brendan Jones1, Steven Trimmer1, 
Christopher Long1 and James Hickman1,2 

1Hesperos, Inc., United States; 2Hybrid Systems Lab, Nanoscience 
Technology Center, University of Central Florida, United States 

cmiller@hesperosinc.com 

Hesperos, Inc. aims to minimize animal testing to improve com-
pound testing efficiency in preclinical trials, reduce late-stage fail-
ure and reduce animal testing by utilizing Human-on-a-Chip tech-
nology with iPSC-derived human tissues coupled to bioMEMS 
devices to investigate drug compound efficacy, toxicity, and mech-
anism of action. Towards this goal, a bioMEMS Human-on-a-Chip 
system consisting of an iPSC derived cardiac construct was devel-
oped to study ischemia-induced damage to the heart via mechan-
ical and electrical functional readouts and to test candidate drugs 
in a high throughput setting utilizing a multi-organ microfluidic 
system. A custom environmental control chamber equipped with 
set point control for gas concentrations and in situ air and medi-
um oxygen measurement was developed to dynamically drive en-
vironmental gas concentration. An integrated high-throughput in 
situ amplifier system was designed to measure and stimulate 256 
electrodes across a range of frequencies to measure the minimum 
interspike interval (mISI, analogue of QT interval), beat frequen-
cy and conduction velocity (CV). To validate the system for use as 
a phenotypic assay, CV and mISI were characterized under treat-
ments from combination dosing of ivabradine and tolbutamide (re-
duction in pacing frequency and dose dependent increase in mI-
SI) and E4031 (increase in mISI). Ischemic damage at an envi-
ronmental oxygen content of 0.1-0.25% reduced CV by more than 
80%. Pre-treatment with the candidate drug ZP1609 ameliorated 
the reduction of CV by 20%. The output of this study was a high 
throughput measurement platform to study ischemic cardiac dam-
age and interventions utilizing clinically relevant functional read-
outs without the need for animal models.
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(cholestasis) – with diverse key events at the cellular, tissue, and 
organ levels using a broad range of reference drugs known to cause 
DILI. Here, we present data from our hepatic fibrosis model vali-
dated using AOP 38 key events leading to liver fibrosis (collagen 
accumulation/changes in extracellular composition and decreased 
liver function). Our MPS can capture dose- and time-dependent 
development of liver fibrosis – at or below human plasma Cmax 
for pro-fibrotic reference drugs in as short as three days of repeat-
ed dose exposure. Our versatile MPS can be used in integrated ap-
proaches to bridge the preclinical-to-clinical translational gap in 
DILI prediction and liver disease modelling.
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Alveoli-in-a-dish: 3D-bioprinted 
human lung tissue  
model for inhalation toxicity
Jessica Szawara, Justin Roberto, Lucas Vajko Siddall, 
Ambreen Fahim, Andrew Hubberstey and Charu 
Chandrasekera 
CCAAM, Canada 

szawara@uwindsor.ca 

Animal models remain the primary method of inhalation toxicity 
testing for hazard characterization and risk assessment of chemi-
cals posing a threat to the respiratory tract. Given the time and cost 
of animal experiments and limited translational relevance, there 
has been a tremendous need to develop human-relevant approach-
es that can more closely capture human lung pathobiology, espe-
cially predictive toxicology approaches that elucidate mechanisms 
of toxicity through adverse outcome pathways (AOPs). Our goal 
was to develop a novel microphysiological system (MPS), Alveo-
li-in-a-Dish, that can recapitulate key features of repeated dose in-
halation toxicity in vitro. Our Alveoli-in-a-Dish is a complex, mul-
ticellular, 3D-bioprinted human lung tissue model comprising type 
I and II pneumocytes, fibroblasts, endothelial cells, and lympho-
cytes arranged in defined proportions and 3D cytoarchitecture. To 
characterize our MPS, we selected AOP 173 that describes inflam-
mation-mediated pulmonary fibrosis applicable to a broad range of 
chemicals, and we investigated multiple key events at the cellular, 
tissue, and organ level using reference drugs and chemicals known 
to cause lung fibrosis. Promising preliminary data indicate that 
our physiologically relevant MPS can reliably capture – in a dose 
and time-dependent manner (as early as three days) – multiple key 
events of AOP 173, including increased proinflammatory media-
tors, loss of epithelial/capillary membrane integrity, fibroblast/my-
ofibroblast proliferation, and accumulation of collagen leading to 
lung fibrosis. With engineerable versatility, our reproducible and 

cific binding, and epitope masking. Non-fat dry milk and bovine 
serum albumin are the most popular blocking/antibody incubation 
buffers – which often require empirical validation by the end-user 
for each antibody-antigen pair. Our goal was to evaluate the feasi-
bility of replacing animal-derived components in immunoassays 
using a range of “milk” products derived from soy, pea, oat, al-
mond, brown rice, hemp, coconut, cashew, and pumpkin seeds. 
We evaluated their performance in Western blotting under varying 
conditions such as epitopes (including phosphoproteins), antibody 
isotypes and clonality, antigen source, blotting membranes, and 
detection methods. Our data indicate that plant milks can elicit ro-
bust sensitivity with little to no background with only five minutes 
of blocking at concentrations as low as 1%, even with phosphopro-
tein targets. Several plant milks also displayed exceptional perfor-
mance in immunofluorescence assays. We have discovered a set of 
versatile, easily accessible, cost-effective, environmentally-friend-
ly, and cruelty-free blocking buffers – with unsurpassed function-
ality in comparison to their animal-derived counterparts – to ad-
vance scientific discoveries while replacing animal-derived re-
agents in the life sciences.
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Hepatotoxicity-in-a-dish: 
Microphysiological system to model  
drug induced liver injury
Lucas Vajko Siddall, Ambreen Fahim, Jessica Szawara, 
Justin Roberto, Andrew Hubberstey and Charu 
Chandrasekera 
Canadian Centre for Alternatives to Animal Methods, Canada 

vajkosi@uwindsor.ca 

Drug induced liver injury (DILI) remains the most common cause 
of acute liver failure resulting in high drug attrition rates. The 
gold-standard legacy animal models such as rats, dogs, and mon-
keys display poor human DILI concordance rates – underscor-
ing the need for new approach methods better able to predict hu-
man hepatotoxicity, especially through adverse outcome pathways 
(AOPs) that elucidate mechanisms of toxicity. The overarching 
goal of our project was to develop and validate a novel, human 
hepatic microphysiological system (MPS) that can capture phys-
iologically relevant fibrosis, steatosis, and cholestasis –the three 
key apical endpoints of DILI. We designed a multicellular, 3D-bi-
oprinted human liver tissue model comprising hepatocytes, stellate 
cells, cholangiocytes, macrophages, endothelial cells, and lympho-
cytes – engineerable in defined cellular cytoarchitecture to capture 
the versatility of DILI apical endpoints. To characterize our MPS, 
we selected AOP 38 (fibrosis), AOP 34 (steatosis), and AOP 27 
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In vitro cell models for 
identifying potential metabolic 
disrupting chemicals
Ella Atlas, Jennifer Crosthwait, Misha Singh, Gregory 
Addicks, Matt Meier, Andrea Rowan-Carrol and Karen 
Leingartner 
Environmental Health Science and Research Bureau of Health Canada, 
Canada 

ella.atlas@hc-sc.gc.ca 

The prevalence of metabolic diseases including type 2 diabetes, 
non-alcoholic liver disease and obesity are on the rise worldwide. 
High fat diet, genetics and a sedentary lifestyle are known contrib-
utors to the disease. However, it is now clear that other factors are 
involved. Exposure to pollutants, were proposed to also play a cru-
cial role. Although it is now accepted that chemical exposures may 
increase the risk of developing diabetes, obesity and fatty liver, the 
assays to screen chemicals for these effects are lacking. Our lab fo-
cussed on two important endocrine and metabolic tissues, the adi-
pose and the liver. We investigated the effects of several groups of 
chemicals including bisphenols and per- and polyfluoroalkyl sub-
stances on primary human preadipocytes and human primary liver 
cell spheroids, coupled with high throughput transcriptomics. Hu-
man primary preadipocytes were exposed to bisphenols during dif-
ferentiation and as mature adipocytes. At day 14, RNA was extracted 
and RNA-seq was conducted to assess global transcriptomic chang-
es. For the liver, human primary liver cell spheroids were treated 
with the chemicals for 24 hours or ten days. Temo-seq was used as 
a platform to investigate changes in gene expression. Our data show 
that chemicals can disrupt lipid metabolism, affect adipokine release 
and alter the function of these two important metabolic tissues. Fur-
ther, our data show that these models can be used for ranking the po-
tency of chemical and identify plausible mode of action.
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Pharma actions to push  
the boundaries of the Three Rs 
in non-human primate use
Kirsty Reid 
EFPIA, Belgium 

kirsty.reid@efpia.eu 

Non-human primates (NHP) are widely used in biomedical re-
search and for regulatory testing which raises serious ethical con-
cerns and has resulted in growing societal pressure to move to-
wards alternative research methods. 

standardizable MPS can be used in integrated approaches to bridge 
the translational gap in acute and repeated-dose inhalation toxicity 
testing as well as pulmonary disease modelling.
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Animal-free methods in life 
sciences and healthcare – 
Successes and challenges
Danielle Elbirt1, Frederic Pipp2 and Kerstin 
Kleinschmidt-Dörr2 
1Milliporesigma, a brand of Merck KGaA Darmstadt, Germany; 2Merck 
KGaA Darmstadt, Germany 

dr.k.kleinschmidt@gmail.com 

Based on our long-term goal of replacing the use of animals in re-
search and development with equal or improved non animal meth-
ods (NAMs), their acceptance is essential. With Responsibility 
as a central fourth pillar alongside Replace, Reduce, Refine, we 
have launched our company-wide 4Rs program. In addition to 
sound global governance that goes beyond local laws where nec-
essary, the development of NAMs in our Life Science and Health-
care businesses is a key driver for achieving the goals we have set. 
Although we have implemented several successful projects to re-
place animal testing in safety testing and diagnostic products, there 
are challenges to achieve this across all areas of our diverse busi-
ness. 

Despite historical and still significant challenges, we are see-
ing movements in regulatory agencies towards accepting NAMs 
that open doors for pharma research to advance the gradual re-
placement of animal testing. For example, the US Pharmacopeia 
acceptance of an in vitro alternative to replace the class VI testing 
in rabbits, the FDA modernization act 2.0 which allows for con-
sideration of NAMs and advanced regulations in EU that prohibit 
the use of animals where accepted animal-free alternative exists. 
Furthermore, we are seeing an increased request and demand for 
NAMs in our Life Science customer base, we will use this mo-
mentum to drive our development in the NAM space. We believe 
that proactive exchange and transparency about successes and – 
perhaps even more so – failures between scientists in industry and 
academia are critical to the gradual replacement of animal testing 
methods.
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3R testing approaches. These include for instance the organisation 
of workshops on microphysiological systems, including organ-on-
chip with a specific focus towards method qualification, the defi-
nition of regulatory acceptance criteria for organ-on-chip technol-
ogies for specific contexts of use and the initiation of an interna-
tional regulatory conversation in order to harmonise views and 
acceptance criteria. 

Specific challenges and opportunities related to the regulatory 
acceptance of NAMs for the testing of medicinal products will be 
addressed in this presentation. Moreover, the actions of 3RsWP to 
foster further uptake of NAMs, as detailed in the 3-year workplan, 
will be presented.
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Application of multi-organ-chips 
as NAMs in risk assessment
Reyk Horland1, Eva Dehne1, Thi Phuong Tao1, Ilka 
Maschmeyer1, Leopold König1, Annika Winter1, Ricky 
Bayer2 and Uwe Marx1,2 
1TissUse GmbH, Germany; 2Technische Universität Berlin, Germany 

reyk.horland@tissuse.com 

In principal risk assessment is based predominantly on evaluations 
carried out on individual substances. However, humans are ex-
posed to a wide variety of substances with potential adverse effects 
of the interactions between those substances when present simul-
taneously in any kind of mixture. For instance, substances may act 
jointly in a way that the overall level of toxicity is affected or may 
produce combination effects that are larger than the effects of each 
substance applied separately. An interesting strategy to address this 
matter is through the use of microfluidic microphysiological sys-
tem (MPS) enabling to emulate complex human or animal biology 
in vitro. In particular, the HUMIMIC Multi-Organ-Chip platform 
is capable of maintaining and culturing miniaturised organs emu-
lating the biological function of their respective full-size counter-
parts over long periods. Major biological features such as pulsatile 
fluid flow, efficient nutrition, and physiological tissue-to-fluid and 
tissue-to-tissue ratios can be incorporated. Moreover, the platform 
supports the development of a range of testing needs, including re-
peated dose testing up to at least 28 days. Selected case studies of 
using (Multi)-Organ-on-a-Chip solutions for substance evaluation 
will be presented. The system’s robustness as well as its capaci-
ty to provide in vivo relevant information about exposure scenar-
io-dependent changes in bioavailability will be evaluated. Lastly, 
the concept of individualized risk assessment through the usage of 
personalized MPS systems will be discussed.
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The pharma industry is working hard to reduce and refine NHP 
use as much as possible. However, NHPs are often considered the 
only relevant species for nonclinical safety studies required for 
regulatory submissions. To obtain a better insight and visibility 
of the impact of the NHP use in the pharma industry, EFPIA sur-
veyed its members in 2022 & 2023. 

The industry is fostering efficient development of safe and ef-
fective innovative health technologies and collaborating in proj-
ects which contribute to the development, validation and uptake of 
alternative approaches which could provide in an efficient manner 
similar or higher levels of information or products of higher qual-
ity than those obtained with procedures using animals, but which 
either use fewer animals or do not involve the use of animals. A 
partnership of multidisciplinary public, private stakeholders as 
well as regulatory agencies can help to address the scientific and 
regulatory challenges and to accelerate the development and use 
of effective new approaches and non-animal technologies. 

There is room for more scientific research on alternatives that 
would increase confidence in translatability for humans, and into 
more robust human in vitro models (organ on a chip, 3D models). 
Furthermore, the development of guidance and wider acceptance 
from regulatory authorities is essential including global alignment 
amongst regulators.
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Advancing acceptance of 
NAMs for regulatory testing of 
medicinal products in the EU
Sonja Beken 
Federal Agency for Medicines and Health Products, Belgium 

sonja.beken@fagg-afmps.be 

The European Medicines Agency (EMA) has a long-standing com-
mitment towards the application of the principles of Replacement, 
Reduction and Refinement (3Rs). This is driven by the require-
ments of Directive 2010/63/EU, as well as by the crucial need for 
better tools to predict quality, safety and efficacy of new medicinal 
products. 

EMA’s regulatory science strategy 2025, clearly recommends 
the leverage and qualification of 3R testing approaches or Novel 
Approach Methodologies (NAMs). It recognises the need for dis-
cussion on and definition of regulatory acceptance criteria (e.g. 
context of use, endpoints and reference compounds) in order to 
promote regulatory acceptance of NAMs. For this engagement 
with stakeholders is seen as instrumental. 

Recently, a new 3Rs Working Party (3RsWP) has been set up 
as the official 3Rs hub for at the EMA. The 3RsWP is initiating a 
broad set of activities dedicated to the qualification of NAMs or 
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Enhancing science education  
by ending high school dissection
Nick Jukes 
InterNICHE, United Kingdom 

coordinator@interniche.org 

High school biology courses at some educational institutions in-
clude the practice of animal dissection. In other locations, humane 
traditions such as observational studies of animals in their natu-
ral habitat, and the use of innovative, non-animal tools, are stan-
dard practice. In some countries, dissection at the secondary ed-
ucational level is banned by law. This presentation explores the 
resistance to changing teaching methods and explains the impor-
tance of focusing on and reviewing teaching objectives so as to en-
hance students’ acquisition of knowledge, skills and attitudes. It al-
so addresses the broader themes of critical thinking, emotional and 
ethical literacy, and responsibility, along with the concept of the 
hidden curriculum. The feasibility and desirability of an ethical ed-
ucation are demonstrated through its pedagogical, scientific, eth-
ical, economic and environmental advantages. Examples of suit-
able tools and their implementation are given, along with sugges-
tions of how to facilitate the transition to a fully humane and more 
effective and relevant education.
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Better science, fewer animals: 
Catalyzing NIH grant-making 
to improve biomedical research 
and meet societal goals
Mikalah Singer 
The Center for Contemporary Sciences, United States 

mikalah@contemporarysciences.org 

Animal models are currently the “gold standard” in biomedical 
research. However, new approaches that do not involve the use 
of non-human animals are evolving to address the public health 
and medical challenges where animal models are less well suited. 
There is a clear societal need to encourage such efforts, and there is 
widespread support to move away from animal-based research by 
the American public. 

The National Institutes of Health funds the majority of biomed-
ical research in the United States and should be a key player in 
developing new methods. There have been numerous bills intro-
duced before the US Congress that seek to change the way that 
NIH allocates its resources, with an emphasis on increasing fund-
ing for alternatives. To date, none of these bills have advanced in 
either the US House of Representatives or the Senate. 

This article examines how the NIH could utilize the policy op-
tions available under its current laws and regulations to move to-
ward a research environment that puts greater value on alterna-
tives and, at the same time, moves away from animal models as 
the gold standard. The major advantages of this approach is that 
it can be implemented without changing current laws and regula-
tions, is relatively straightforward, and can be executed relatively 
quickly. If adopted, these policy options have the potential to cre-
ate a much-needed paradigm shift that will improve scientific re-
search while, at the same time, responding to the societal desire to 
use fewer animals in the biomedical arena.
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The effects of individual housing 
on nonhuman primates: A review
Kati Bertrand 
Science Advancement and Outreach Division, Laboratory Investigations 
Department, People for the Ethical Treatment of Animals, Norfolk, VA, 
United States 

katib@peta.org

Despite serious scientific and ethical considerations, approximate-
ly 200,000 nonhuman primates are used in biomedical research 
worldwide each year, including 68,257 of them in the U.S. and 
4,805 in Canada in 2019. In 1985, U.S. Congress amended the fed-
eral Animal Welfare Act to mandate standards to promote the psy-
chological well-being of primates in laboratories, including the in-
troduction of social-housing requirements. Almost 40 years later, 
thousands of primates are still housed alone in the U.S. Individual-
ly housed primates are restricted from engaging in their natural so-
cial behavior and, compared to monkeys who are socially housed, 
have reduced physical fitness and welfare, altered immune re-
sponse, and increased stress. Our research reviews the evidence of 
the psychological and physiological effects of the individual hous-
ing of primates. We also present data on primate housing condi-
tions and how they were reported in recent publications across re-
search domains and discuss the impact of housing on data includ-
ed in these publications. We find evidence that individual housing 
of primates is still common practice, likely introducing unwanted 
variables into the data, reducing reliability and validity, and seri-
ously compromising the value of the results. Singly housed pri-
mates show signs of overall poor psychological and physiological 
welfare (e.g., depression-like behavior or stereotypic behavior). 
We thus highlight the importance of conducting a meta-analysis 
to investigate the potential long-term effects of housing conditions 
on primate health. These findings also suggest that research com-
munities need to evaluate findings from any studies that rely on 
non-socially housed primates more critically.
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Update and optimization of an 
adverse outcome pathway network 
of chemical-induced cholestasis
Jonas van Ertvelde1, Anouk Verhoeven1, Tamara 
Vanhaecke1, Ramiro Jover2, Jian Jiang1 and Mathieu 
Vinken1 

1Entity of In Vitro Toxicology and Dermato Cosmetology, Department of 
Pharmaceutical and Pharmacological Sciences, Vrije Universiteit Brussel, 
Brussels, Belgium; 2Joint Research Unit in Experimental Hepatology, 
University of Valencia; IIS Hosp. La Fe; CIBERehd, Spain 

Mathieu.Vinken@vub.be 

Background and objectives: Cholestasis denotes any situation of 
impaired bile secretion with concomitant accumulation of bile ac-
ids in the liver or in the blood circulation and may be induced by 
various chemicals. Our group previously introduced an adverse 
outcome pathway (AOP) network mechanistically describing key 
events (KEs) and their relationships driving chemical-induced 
cholestatic liver injury. The aim of the present work was to up-
date and optimize this AOP network in line with guidelines issued 
by the Organization for Economic Co-operation and Development 
(OECD). 

Material and methods: PubMed was queried for studies of 
chemical-induced cholestasis using a list of predefined key words 
and several known KE-related terms. SysRev, a newly developed 
computational tool for systematic reviewing and data extraction, 
was employed during the abstract screening and full-text screen-
ing. The tailored Bradford-Hill criteria, described by the OECD 
guidelines, were used in the weight-of-evidence assessment of the 
KEs and KE relationships. 

Results: A total of 6572 articles was retrieved from PubMed and 
uploaded to SysRev. An initial abstract-screening resulted in a to-
tal of 544 papers eligible for data extraction in the full-text screen-
ing process. 

Discussion and conclusion: Extracted data are used for assess-
ment of already defined KEs and KE relationships, but also for 
identification of potential new KEs, resulting in an updated AOP 
network on chemical-induced cholestatic liver injury. The fully as-
sessed AOP network will serve as the conceptual basis for setting 
up an in vitro test battery to identify cholestatic chemicals, consist-
ing of a series of assays that each monitor individual KEs.
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Applying machine-learning 
approaches to identify key genes  
associated with drug-induced  
cholestasis
Jian Jiang1, Jonas van Ertvelde1, Gökhan Ertaylan2, 
Ralf Peeters3, Danyel Jennen4, Theo de Kok4 and 
Mathieu Vinken1 

1Entity of In Vitro Toxicology and Dermato-Cosmetology, Department 
of Pharmaceutical and Pharmacological Sciences, Vrije Universiteit 
Brussel, Brussels, Belgium; 2Vlaamse Instelling voor Technologisch 
Onderzoek (VITO) NV, Health, Mol, Belgium; 3Department of Data 
Science and Knowledge Engineering, Maastricht University, Maastricht, 
The Netherlands; 4Department of Toxicogenomics, GROW School for 
Oncology and Reproduction, Maastricht University, Maastricht, The 
Netherlands 

Mathieu.Vinken@vub.be 

Background and objectives: Due to its complexity, early detection 
of drug-induced cholestasis (DIC) during drug development re-
mains challenging. Preclinical animal studies often fail to detect 
DIC in humans mainly due to interspecies differences. Recently, 
toxicogenomics in vitro assays, especially based on human liver 
cells, have become a more convenient and practical approach for 
the prediction of human-relevant DIC. Over the past decade, the 
established large-scale databases, combined with machine-learn-
ing (ML) approaches, provide the opportunity to identify tran-
scriptome signatures of DIC. In the present study, we leveraged the 
publicly available database, Open TG-GATEs, for the identifica-
tion of transcriptomic signatures of DIC. 

Material and methods: We retrieved toxicogenomics data de-
rived from cultured primary human and rat hepatocytes following 
exposure to 9 cholestatic compounds and 9 non-cholestatic com-
pounds. Transcriptome profiles were measured at two time points 
following single exposure to a given compound at three dosages 
with two biological replicates. Due to the mechanistic complexity 
of DIC, the model cholestatic compounds were selected because 
of their potential to cause cholestatic hepatotoxicity through di-
verse toxic mechanisms. Several supervised ML approaches, in-
cluding Random Forest, Support Vector Machine and Logistic Re-
gression, were applied to the human liver TG-GATEs dataset to 
develop a prediction model. 

Results: We identified a signature consisting of 20 genes that 
predicted DIC with high specificity and selectivity. The selected 
feature genes and model were validated using the in vitro rat TG-
GATEs dataset. 

Discussion and conclusion: This transcriptomic signature has 
yielded high accuracy in the identification of potential DIC-induc-
ing compounds.
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Reducing and replacing laboratory 
animal use in US and UK laboratories
Andrew Rowan 
WellBeing International, United States 

arowan@wellbeingintl.org 

US and UK Corporations have led the way in developing and im-
plementing alternatives to laboratory animals. While there are 
good data available on animal use in Great Britain (the animal use 
data does not include Northern Ireland hence the annual reports 
do not represent the United Kingdom), in the USA one has to rely 
mostly on anecdotal reports. However, animal use data does not re-
flect changes in financial support for laboratory investigations (ba-
sic and applied research and toxicity testing). Animal use data and 
the funding of biomedical investigations in Great Britain will be 
presented identifying the importance of commercial laboratory ef-
forts in reducing laboratory animal use in Great Britain (and infer-
ring implementation of alternatives) compared to British universi-
ty laboratories and medical schools.
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Investigating metabolic and 
reproductive disruption induced  
by novel flame retardants  
using an in vitro human 3D cell  
culture model
Chander K. Negi, Lola Bajard and Ludek Blaha 
RECETOX, Faculty of Science, Masaryk University, Brno, Czech Republic 

chander.negi@recetox.muni.cz 

Organophosphate flame retardants (OPFRs) have been consistent-
ly detected in increasing concentrations in the environmental and 
human matrices indicating possible human exposure. Therefore, 
the present study aims to evaluate the effects of OPFRs on human 
cell culture (monolayer and 3D spheroids) to characterize the tox-
icological effects and potential mechanisms through morphologi-
cal, transcriptional, and biochemical assays. 

Our findings suggest that the OPFRs, including tricresyl phos-
phate, triphenyl phosphate, tris(1,3-dichloropropan-2-yl) phos-
phate, and 2-Ethylhexyl diphenyl phosphate (EHDPP) induced 
the lipid accumulation in human liver (HepG2) cell culture by al-
tering the expression of genes encoding for hepatic lipogenesis 
and mitochondrial dysfunction. In silico analyses identified PXR 
and PPARγ as potential molecular initiating events. Moreover,  
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Eye damage reversibility in an  
in vitro model of bovine cornea to 
replace the Draize test completely
Martina Daniela Benedetti1,2, Maria Laura 
Gutierrez1,2, Mariela Lenze1,2, Julieta Roco1,2, Romina 
Martinez3, Fátima Sofia Magaña Guerrero4 and 
Yonathan Garfias4,5 

1Instituto de Farmacología, Facultad de Medicina, Universidad de Buenos 
Aires, Argentina; 2CONICET (Consejo Nacional de Investigaciones 
Científicas y Técnicas), Argentina; 3Sanatorio Julio Méndez, Ciudad 
de Buenos Aires, Argentina; 4Unidad de Investigación, Instituto de 
Oftalmología Conde de Valenciana, México.; 5Departamento de 
Bioquímica, Facultad de Medicina, UNAM, México 

martina_benedetti97@hotmail.com 

One of the requirements for chemical product registration such 
as agrochemicals, is to provide evidence about their potential eye 
damage. The Draize test performed in rabbits allows the products 
to be classified into four categories, considering both the severi-
ty of the lesions produced in the animal’s eye as well as its heal-
ing time. The available alternative methods to this live animal test 
do not allow documenting the damage reversibility, nor the time 
necessary for such reversibility to occur, as required by the GHS 
classifications. Our proposal is to complement the in vitro model 
that uses the bovine cornea as a substrate to predict whether a sub-
stance is irritating or non-irritating (BCOP), with a strategy that 
allows predicting if the observed irritation is reversible and the 
time it takes to revert. 

We isolated bovine limbal-stem cells, known to play an import-
ant repairing role in corneal injury, and used them as model in 
a cytotoxicity assay to evaluate the cell sensitivity to reference 
products. Moreover, a wound healing assay was performed to 
study whether these products differentially affect the replication 
and migration capacity of the cells. Furthermore, a tissue explant 
and an organotypic cornea culture model were implemented to 
study if the chemical exposure alters cell’s replication, migration 
and overall wound healing differentially. 

The results obtained from the cytotoxicity test, the wound 
healing assay and the explant culture show that these methods 
are effective to improve prediction to the four categories. Al-
so, damage reversibility was observed in the organotypic cornea 
culture model.
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BPA, decreasing toxicity and BPA damage, also induced toxici-
ty and genetic modulation of this markers. In conclusion, here we 
present a new methodology to screen liver toxicity avoiding ani-
mal testes in two contexts, oral and topic administration of drugs. 
In addition, we found BPS also causes toxicity in liver and also 
can be a endocrine disruptor.
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A roadmap for regulatory 
implementation of in vitro models 
for evaluation of vaccine efficacy
Rob Vandebriel1, Kimberley Veenstra2, Lorenzo 
Tesolin3, Katrien Pletinckx4, Marcel Hoefnagel5, 
Donata Medaglini6,7, Luisa Borgianni6, Tiziana 
Spadafina6, Elke Walter8, Apurva Kulkarni8, Isabelle 
Bekeredjian-Ding9 and Karen Huber9 

1National Institute of Public Health & the Environment, The Netherlands; 
2European Vaccine Initiative, Germany; 3Sciensano, Belgium; 4CureVac 
SE, Germany; 5Medicines Evaluation Board, The Netherlands; 6Sclavo 
Vaccines Association, Italy; 7University of Siena, Italy; 8Takeda 
Pharmaceuticals Int. AG, Switzerland; 9Paul-Ehrlich-Institute, Germany 

karen.huber@pei.de 

One of the aims of the EU-funded IMI2 project Inno4Vac (Innova-
tions to accelerate vaccine development and manufacture, www.
inno4vac.eu) is to create next-generation human in vitro 3D mod-
els for gastro-intestinal, respiratory and urovaginal mucosae that 
include relevant immune system components for use in preclinical 
and clinical studies in vaccine development. These models will be 
tested and validated using selected pathogens (C. difficile, Norovi-
rus; RSV, influenza; N. gonorrhoeae, HSV-2). 

To facilitate the entry of these models into the regulatory are-
na, we conducted a workshop in 2022 with model developers, in-
dustry and regulators to discuss regulatory requirements for these 
models. From the information gathered, we created a technical 
roadmap for each model to describe the attributes necessary to 
succeed in its chosen application. 

The roadmap addresses two key questions. First, how does the 
model add value over existing assays/models for this application? 
Second, what data need to be collected to be confident the model is 
relevant for this application? The technical roadmap also serves as 
a tool to identify necessary standards, assays and comparators and 
to prioritize work. 

The technical roadmap was applied to Inno4Vac models during 
the Inno4Vac Annual Meeting, held in Siena, along with discus-
sions on model qualification, human variability, characterization 
and standardization. This process assisted model developers with 
their next regulatory steps and improved the roadmap. The road-

EHDPP-mediated dysregulation of hepatic lipidome was observed 
in human HepG2 3D hepatospheroids along with alteration in sev-
eral genes involved in lipid homeostasis, including ACAT, AB-
CA1, CYP27A1, GPAT2, PNPLA2, PGC1α, and Nrf2. The human 
adrenal (H295R) cells exposed to EHDPP showed altered secre-
tion of hormones, including progesterone, androstenedione, and 
cortisol. Consistently enhanced expression of corticosteroidogen-
ic genes, encoding for cytochrome P450 (CYP11B2, CYP21A1) 
and hydroxysteroid dehydrogenases (3β-HSD2, 17β-HSD1) was 
observed. Intracellular lipidomics identified EHDPP-mediated 
disruption of intracellular lipid profile in 3D hepatospheroids and 
H295R cells indicated by reduced cholesterol esters, sphingolip-
ids, fatty acyls, and increased phospholipids and triglycerides spe-
cies, indicating connections between EHDPP-induced metabolic 
and reproductive pathologies. 

In summary, our study identifies several OPFRs as potential risk 
factors for endocrine-related metabolic and reproductive pathol-
ogies that are of increasing importance due to the risk of occupa-
tional or cumulative environmental exposure to humans.

Presentation: Poster

18

Comparison of in vitro oral  
and topic absorption toxicity of  
BPA and BPS using 3D cell  
cultures and microfluidic systems
Melissa Ganzerla 
UNICAMP, Brazil 

medibbernn@gmail.com 

Organ-on Chip is an effective solution to pursue new methodol-
ogies for drug discovery, toxicity tests and personalized disease 
treatments. It has been applied as an efficient and predictive solu-
tion to beat the high cost of classic toxicity tests using animal mod-
els, also reducing the number of animals in experimentation. 

Here we propose a junction of three different 3D tissue engi-
neered cultures (skin, intestine, and liver) in a 3-organ-on chip 
microfluidic device to verify topic and oral Bisphenol A (BPA) 
and Bisphenol S (BPS) administration. After treatment we eval-
uate liver toxicity and endocrine disruption. For this, we devel-
oped models of human reconstituted skin, intestinal barrier, and 
liver spheroids, which were characterized in terms of histology, 
morphology and functionality. Our results show that our model is 
functional and simulates functions of the real organs. The Chip in-
tegration of all the tissues on the chip was well succeeded and im-
proved viability of the 3D cultures. After treatment with Bisphenol 
A, we observed absorption of drugs, which caused liver injury and 
genetic modulation of endocrine disruption pathways, as expect-
ed. Interestingly, for BPS, which was reported as a substitute for 
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ulations as well as detectable levels of B-cells. For toxicity test-
ing, treatment with clinically relevant metal ion concentrations re-
vealed in vitro toxicity as seen in patients. This effect could not be 
observed in a 2D MSC monoculture assay.
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Immune-competent human 
(multi)organ-on-chips
Anna-Catharina Krebs1, Stefania Martini1, Kerstin 
Mika1 and Hans-Dieter Volk1,2 

1Charité Berlin – Berlin Institute of Health, Germany; 2Charité Berlin, 
Germany 

anna-catharina.krebs@bih-charite.de 

One long-term aim of our research group is to create a human im-
mune model system using (multi)organ-on-chip technologies. Due 
to technological breakthroughs and impressive initial clinical re-
sults, innovative immunotherapies represent a focus of current 
drug developments. Mouse models are poorly suited for testing in-
novative T cell-based immunotherapies, both cellular and humoral 
approaches, because, among others, they cannot replicate the “ag-
ing” of the human immune system (memory), which has a high 
impact on the efficacy and safety of the therapeutics. In turn, con-
ventional human 2D immune cell cultures do not adequately rep-
resent the important tissue immunity component. Thus, there is a 
huge need to build a human dynamic test platform for qualifying 
innovative T cell-based immunotherapies such as CD3 engagers/
checkpoint inhibitors and chimeric antigen receptor (CAR) T cells. 
Our research addresses current scientific challenges such as T cell 
migration in organoids. For this, we work on vascularization mod-
els, test different biomaterials or scaffolds and work on new-de-
signed organ-on-chips. Our group is part of different cooperation 
projects as the PACE study (vascularization), BCRT NewCross-
fields (vascularization), TReAT (new testing model system for  
ATMPS) and geneTIGA (multi-organ testing model system for 
ATMPs). Thus, we will work on different organoid models as the 
liver, intestinal and lung under dynamic conditions.
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map will aid in a stage-gate approach to choose the most prom-
ising models for further development for regulatory applications. 

This work has received support from the IMI2/EU/EFPIA Joint  
Undertaking Inno4Vac grant no. 101007799.
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A human bone/bone-marrow-
on-a-chip approach for in vitro 
culture of human bone marrow and 
benchmark against clinical reality
Melanie Ort1,2, Ioanna Maria Dimitriou1,2, Lea 
Heinemann1, Luis Lauterbach1, Nina Stelzer1, Martin 
Textor1 and Sven Geißler1 
1Charité – Universitätsmedizin Berlin, Julius Wolff Institute, Berlin, 
Germany; 2Institute of Chemistry and Biochemistry, Department of 
Biology, Chemistry and Pharmacy, Freie Universität Berlin, Berlin, 
Germany 

melanie.ort@charite.de 

Trabecular microarchitecture of cancellous bone provides not on-
ly mechanical stability, but also a microenvironment for reticu-
lar connective tissue and vital hematopoiesis in the bone marrow 
(BM). In joint arthroplasty, one major clinical problem is aseptic 
peri-implant osteolysis due to local exposure to metallic particles 
and ions. Previously, we found that the in vitro osteogenic capaci-
ty of mesenchymal stromal cells (MSCs) is impaired by in vivo ex-
posure to cobalt and chromium ions in the BM. For further studies 
we aim to establish a human bone/BM organ-on-a-chip system to 
benchmark it to human BM specimens and to validate the system 
for predicting metal-ion-induced adverse biological effects. 

Primary cells (MSCs, osteoblasts and mononuclear cells) from 
healthy BM were isolated. Human cancellous bone was decellu-
larized, cylindrical scaffolds were prepared, MSCs and osteoblasts 
were seeded, and matrix mineralization was induced under stat-
ic conditions. Subsequently, the scaffolds were transferred to an 
2-Organ-Chip (TissUse GmbH, Berlin, Germany) and BM mono-
nuclear cells were seeded before osteoclastogenesis was induced 
by growth factor supplementation. Scaffolds were dynamically 
cultivated for 21 days without further supplements. 

Lactatdehydrogenase quantification revealed cellular integri-
ty over time. Quantification of soluble bone turnover factors indi-
cated active bone metabolism. Fluroscence-microscopy confirmed 
the presence of active osteoblasts and the formation of reticular 
fibers. Flow cytometry indicated stable T-cell and monocyte pop-
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At Novo Nordisk our approach to Culture of Care is what we 
proactively choose to do when we put legislative requirements in-
to action. We closely look into the intentions of the legal require-
ments and from that, we choose the solutions which has the best 
match with the intentions. In other words, – we go above and be-
yond the minimum requirements of legislation. 

Culture of Care also includes the staff working with the animals, 
as they are the ones providing care to and show empathy with the 
animals. 

Our purpose of working with Culture of Care is to better enable 
us to reach our goals in relation to the welfare of the animals and 
of the people working with them. 

The presentation will explain how we have worked with map-
ping the culture of care at Novo Nordisk and how we ensure 
awareness through the organization on our culture. We will go 
through examples of Culture of Care in four phases of a study 
where the laboratory animal veterinarian plays of role, – as a 
professional and as the person who establishes relationships and 
collects relevant input from other staff functions. It will also de-
scribe our mind-set as well as the supportive elements needed for a 
healthy Culture of Care.
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From scientific validation to 
regulatory acceptance in 
medical devices: Importance 
of ISO standardization
Christian Pellevoisin 
MatTek, France 

cpellevoisin@mattek.com 

Although the 3Rs principles are a central concept for the biocom-
patibility of medical devices (MDs), many biological tests are still 
carried out on animals. Integration of validated non animal meth-
ods into the International Standardization organization (ISO) 
10993 series of standards, is an effective way to accelerate their 
regulatory acceptance. The prerequisite is to ensure that a method 
is applicable to the specific context of MD where safety testing is 
performed on the final MD after packaging and sterilization. 

The case of irritation is emblematic of the importance of this 
standardization work. Although scientifically validated in 2009 for 
chemicals, and published in 2010 in OECD TG 439, it is not un-
til 2021 that in vitro methods started to replace the animal for as-
sessing MD irritation. For skin sensitization, a more complex end-
point, the ISO roadmap is based on a two-step approach. First, the 
publication of the ISO TS11796 with the requirements for qualifi-
cation of an OECD method for assessing MD’s skin sensitization 
potential. Then, for qualified methods, integration into the step-

35

Cytokine release from organotypic 
human oral tissue following 
exposure to oral care products
Kwang-Mahn Kim 
Yonsei University College of Dentistry, South Korea 

kmkim@yuhs.ac 

Purpose: Measuring viability of a three-dimensional in vitro or-
ganotypic human oral tissue model has been suggested as an al-
ternative test method to the hamster pouch oral mucosa irritation 
test of oral care products. The aim of this study was to investigate 
the production of two different cytokines using organotypic human 
oral tissue model following exposure to chemicals that are com-
monly used in oral care products. 

Materials and methods: The organotypic human oral tissues 
were exposed to ethanol (mouth wash), sodium lauryl sulphate 
(toothpaste) or hydrogen peroxide (tooth whitening agent) for 90 
minutes. Following exposure, interleukin-1α and interleukin-8 
productions were assessed and correlated with cell viability test-
ing as well as histology of the organotypic human oral tissues. 

Result: High levels of IL-8 were released from organotypic hu-
man oral tissues in all of the test and control groups without any 
significant differences between them. In contrast, differences were 
found in IL-1α release between the test and control groups. Addi-
tionally, the trend of IL-1α release corresponded to the phenotypes 
observed in histological analysis while different trend existed be-
tween IL-1α release and cell viability. 

Conclusion: The study concluded the non-specific release of  
IL-8 for the assessment of oral care product chemicals’ toxicity, 
while potential of measuring IL-1α cytokine level as the possible 
alternative test method.
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Culture of care – What does it 
look like at Novo Nordisk
Thomas Bertelsen, Cathrine Bundgaard, Marie 
Christiansen and Johan Mikkelsen 
Novo Nordisk, Denmark 

tsbt@novonordisk.com 

Culture of Care has gained much attention in recent years after it 
was introduced in EU Directive 2010/63/EU. Many establishments 
working with laboratory animals have worked with implement-
ing or developing their own, unique culture and raising awareness 
when working with animal welfare. 
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crease in the concentration of lipids in the system. The magnetic 
levitation system used to obtain the spheroids and the rings for the 
vasoconstriction study are suitable systems for study new cosmetic 
cellulite treatment or antilipogenic new compounds to be used in 
anti-aging products.
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Development of fully primary human 
3D alveolar model (AlveolAir™)
Cindia Lopes1, Caroline Chojnacki1, Mendy Bouveret2, 
Ophélie Le Guen2, Carole Bertinetti2, Mireille Caul-
Futy2, Bernadett Boda1, Song Huang1 and Samuel 
Constant1 
1Epithelix, Switzerland; 2Epithelix, France 

samuel.constant@epithelix.com 

Chronic obstructive pulmonary disease (COPD) and lower respira-
tory infections are leading causes of death worldwide. This high-
lights the necessity for new and more efficient treatments. In or-
der to develop novel drugs and assess lower respiratory toxicity 
of xenobiotics, robust and relevant in vitro alveolar models would 
be very helpful. We herein describe the characterization and func-
tionality of a full primary human epithelial-endothelial 3D alveo-
lar model, AlveolAir™. 

To characterize AlveolAir™, long-term parameters were mea-
sured: Biomarkers for ATIs, ATIIs and tight junctions (CAV-1, 
HTII-280 and ZO-1 respectively, Immunofluorescence); Mor-
phology and lamellar bodies’ presence (Histology & TEM); Exis-
tence of a maintained alveolar epithelial barrier (TEER) and SPC 
secretion (ELISA). Using these techniques, the evolution of the 
culture was monitored for several weeks. 

Functionality of AlveolAir™ was evaluated by exposure to 
pro-inflammatory compounds (Lipopolysaccharide, TNF-α, poly-
inosinic:polycytidylic acid (poly(I:C)) and an inflammatory cock-
tail (cytomix)). TEER and cytotoxicity (Lactate dehydrogenase 
quantification (LDH)) were monitored daily, along with morpho-
logical observations and cytokines quantification (IL-6, IL-8 and 
RANTES). 

Finally, a co-culture model of AlveolAir™ with primary alve-
olar macrophages has been developed and infected with Strepto-
coccus pneumonia (Sp19F), to assess the activity of macrophages. 
Compared to AlveolAir™, AlveolAir™-macrophages showed 
stronger immune response with reduction up to 3.5Log10 CFU af-
ter 24 hours of culture. 

wise approach of the ISO 10993-10 standard for skin sensitization 
of medical devices. 

This presentation will address, through irritation and sensitiza-
tion of medical devices, the importance of not only scientifically 
validating non-animal methods but also addressing their applica-
bility to different industrial and regulatory contexts. At ISO, the 
consensus-based approach to standardization among all stake-
holders, including academia, industry, NGOs and regulators, helps 
build the confidence necessary for the spread and acceptance of 
these new approaches at all levels.
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Adipocyte spheroids and endothelial 
rings to evaluate lipogenic or 
antilipogenic natural ingredients
Andreza Rodrigues Ueoka1, Liliam Fernandes1, 
Monica Beatriz Mathor2, Newton Andreo-Filho1, Vânia 
Rodrigues Leite-Silva1,3 and Patricia Santos Lopes1 
1Instituto de Ciências Ambientais Químicas e Farmacêuticas, Universidade 
Federal de São Paulo, Diadema, SP, Brazil; 2Instituto de Pesquisas 
Energéticas e Nucleares, IPEN/CNEN-SP, Brazil; 3The University of 
Queensland, Australia

patricia.lopes@unifesp.br 

A 3D co-culture formed by human adipocytes from adult mesen-
chymal cells and endothelial cells (HUVECs) were used to assess 
efficacy of caffeine and plant extracts reporting lipogenic and an-
tilipogenic action. The spheroid model was based on previously 
established methodology and were set up using 96-well Bio-As-
sembler™kit consisting of nanoshuttle solution and a plate mag-
netic drive. The Rings were obtained by magnetic levitation of en-
dothelial cells to assess the in vitro vasoactivity of Horse Chestnut, 
which present a vasoconstrictor effect. The lipogenic or antilipo-
genic efficacy of the ingredients was evaluated using fluorescent 
perilipin. Human cells in vitro model results showed that the sys-
tem reproduces the in vivo results more faithfully, providing re-
sistance to higher concentrations of the caffeine, tested at 0.375; 
0.75 e 1.5 mg.mL-1 concentrations resulting at 208; 87.5 e 48.5% 
of cell viability respectively; the endothelial cells ring were chal-
lenged with Horse chestnut at 0.625; 1,25 e 2.5 mg.mL-1 con-
centrations and the cell viability were 106; 95 e 86% respective-
ly. Finally, the use of perilipin showed that the spheroids formed 
are capable of distinguishing between the two concentrations of 
lipogenic and antilipogenic substances, showing an increase or de-
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An updated adverse outcome 
pathway network for  
chemical-induced liver steatosis
Anouk Verhoeven1, Jonas van Ertvelde1, Joost 
Boeckmans1, Alexandra Gatzios1, Ramiro Jover2, 
Birgitte Lindeman3, Graciela Lopez Soop3, Robim 
Marcelino Rodrigues1, Anna Rapisarda2, Marth 
Stinckens1, Sara Sepehri1, Mathieu Vinken1, Jian Jiang1 
and Tamara Vanhaecke1 
1Entity of In Vitro Toxicology and Dermato-Cosmetology, Department of 
Pharmaceutical and Pharmacological Sciences, Vrije Universiteit Brussel, 
Belgium; 2Joint Research Unit in Experimental Hepatology, University of 
Valencia, Health Research Institute Hospital La Fe & CIBER of Hepatic 
and Digestive Diseases, Spain; 3Department of Chemical Toxicology, 
Norwegian Institute of Public Health, Norway 

Tamara.Vanhaecke@vub.be 

Background and objectives: Adverse outcome pathways (AOP) 
are frameworks depicting existing information on causal linkag-
es (i.e., key event relationships (KER)) between measurable bio-
logical changes (i.e., key events (KE)) leading to an adverse out-
come. To better represent complex interactions within organisms, 
different AOPs sharing one or more KEs are brought together in an 
“AOP network”. The aim of this research was to update the cur-
rent AOP network on chemical-induced liver steatosis. Further-
more, to weigh the evidence between KEs, the updated AOP net-
work was also assessed in accordance with the specific guidelines 
from the Organization for Economic Co-operation and Develop-
ment (OECD). 

Material and methods: PubMed was used to collect publica-
tions on chemical-induced liver steatosis using a list of predefined 
steatosis search terms and KE-associated keywords. A title/ab-
stract screening and full-text screening of collected papers was 
performed with SysRev (i.e., a computational tool for systemat-
ic reviewing and data extraction) using two labelling strategies. 
Subsequently, extracted data was used to assess the level of confi-
dence in the updated AOP network on liver steatosis according to 
the tailored Bradford-Hill Criteria. 

Results: The PubMed search resulted in 12,478 papers. The ti-
tle/abstract screening resulted in 1,626 papers eligible for data ex-
traction in the full-text screening phase. 

Extracted data was used to assess the level of confidence in pre-
vious described KEs and KER. In addition, data was used to iden-
tify potential novel KEs. 

Discussion and conclusion: The updated AOP network on liver 
steatosis will serve as a basis for the development of animal-free 
methods for toxicity testing purposes.
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This novel in vitro model, AlveolAir™, represents a relevant 
and reliable tool for inhalation toxicity assessment of drugs. It is 
also highly useful for understanding the cellular and molecular 
mechanisms of respiratory diseases such as COPD, viral and bac-
terial infections.
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Novel fully primary human airway 
epithelium-alveolar macrophage 
in vitro co-culture models to study 
host pathogen interactions
Bernadett Boda1, Carole Bertinetti2, Ophelie Verbeke2, 
Gowsinth Gunasingam1, Song Huang1 and Samuel 
Constant1 
1Epithelix, Switzerland; 2Epithelix, France 

samuel.constant@epithelix.com 

Being the first line of defense of the organism against airborne 
pathogens like bacteria and viruses, the respiratory epithelium acts 
as a physical barrier as well as an efficiency mucociliary escalator. 
Furthermore, the airway epithelium is also a potent immune-regu-
lator which orchestrates both innate and adaptive immune respons-
es upon bacterial or viral infections. 

Many animal models have been used to study lung infections, 
but the relevance and predictability of animal models are still 
questionable. Here we established a new co-culture model us-
ing well characterized, standardized human airway epithelium 
such as MucilAir™, SmallAir™ and human lung macrophages 
(CD45+,HLA-DR+, CD206+, CD11b+and CD14-) for study-
ing bacterial and viral infections. The alveolar macrophages were 
not only able to adhere to the epithelial cells, but also functional: 
The macrophages were capable of phagocytosis, evaluated using 
pHrodo™ Red (S cerevisiae Bio-particles Conjugate). Moreover, 
the co-culture models respond to pro-inflammatory stimuli such as 
LPS, TNF-a and Poly(I:C) with an increased IL-8 secretion. 

Upon bacterial infection with methicillin-susceptible Staphy-
lococcus aureus strain (MSSA), compared to MucilAir™ mono-
cultures, MucilAir™-macrophages showed stronger immune re-
sponses: (i) a reduction of bacterial growth (up to 1.5Log10 CFU) 
and (ii) decreased upregulation of IL-8 and b-defensin-2 secre-
tions. Interestingly, greater difference was observed for Strepto-
coccus pneumonia (Sp19F): The presence of macrophages led to a 
decrease of 3.5Log10 CFU after 24 hours of culture (N = 12) ver-
sus MucilAir™ alone. 

These novel in vitro models might find applications in under-
standing the role of immune-epithelial cell interactions in infec-
tion diseases and inhalation toxicity assessment.
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MiceAId: Using the AI to  
help identification of pup’s gender
Klena Sarges Marruaz da Silva1, Luiz Ricardo 
Berbert2, Igor Machado de Castro1, Fabio Luiz Daudt 
Morais1 and Marcel Frajblat2 
1Innovation Lab, Institute of Science and Technology in Biomodels, 
Oswaldo Cruz Foundation, Brazil; 2Coordenação de Atividades com 
Modelos Biológicos Experimentais (CAMBE), Federal University of Rio de 
Janeiro, Brazil 

klena.sarges@fiocruz.br 

Lab animal facilities need efficient control of animal production in 
order to avoid wasting lives, supplies and related costs. The zoo-
technical disposal of neonates up to 5 days old in breeding lab an-
imal facilities is a management alternative that also enables the 
most ethical humanitarian endpoint in animals that will not be used 
by demand, being the accurated sex identification of neonates cru-
cial, carrying out the disposal only of animals with characteristics 
not requested by the researchers, highlighting, for example, the 
majority use of male animals. However, newborn sexing is a tech-
nique that has not been widely correctly applied, requiring train-
ing and constant practice for accurate use. The Innovation Lab of 
ICTB/Fiocruz and CAMBE-UFRJ developed the MiceAId app 
that allows the sexing of newborns of mice from 3 different strains 
(Swiss, BalbC-An and C57/BL6) with the application of deep 
learning techniques (neural network convolucional-CNN) through 
the use of computational vision in YOLO framework for classi-
fying characteristics of the genitalia of newborns. The application 
can be used by a mobile device (tablet/cell phone) and during the 
Proof of Concept presented 96% accuracy in identifying males in 
the Swiss and BalbC-An strains. Iterations are being applied to 
learn the female gender identification algorithms and improve the 
prediction rate (currently around 60%). The use of the app can help 
in the management of the lab animals used in research, reducing 
the rate of errors in sexing and increasing the precision in zootech-
nical disposal.
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Expanding the applicability domain 
of NAMs for skin sensitization 
testing: A case study using GARDskin 
for assessment of metals
Andy Forreryd1, Robin Gradin1, Olivia Larne1, 
Nissanka Rajapakse2 and Henrik Johansson1 
1SenzaGen AB, Sweden; 2Johnson Matthey, United Kingdom 

andy.forreryd@senzagen.com 

New Approach Methods (NAMs) for detection of sensitization 
have been validated and adopted as OECD TGs during the last de-
cade. These assays target different Key Events (KE) in the AOP 
for skin sensitization and are increasingly being applied to replace 
animal models within different chemical sectors. However, further 
characterization of the applicability domain (AD) of these assays 
is critical to understand limitations and to facilitate regulatory up-
take in other industrial sectors. 

Of particular interest from a scientific and regulatory perspec-
tive is the potential to use NAMs for assessment of metals, which 
have been proposed to act via alternative mechanisms to organic 
chemicals. The current study describes a joint effort by industry 
and assay developers to evaluate the AD of the GARDskin assay 
for metal compounds. GARDskin is the first harmonised meth-
od utilizing a combination of genomics and machine learning for 
a regulatory endpoint and was recently adopted into OECD TG 
442E. 

A selection of metal salts (n = 13) was evaluated and the ac-
curacy, sensitivity, and specificity for prediction of skin sensitiz-
ing hazard of metals were estimated to 92% (12/13), 100% (7/7) 
and 83% (5/6), respectively. Interestingly, transcriptomic analysis 
revealed almost identical response patterns in dendritic cells for 
metals and organic compounds, indicating a high similarity in the 
toxicity pathways driving classifications. 

In conclusion, the result from this study supports inclusion of 
metals into the AD of GARDskin, which is an important step to 
ensure scientific/regulatory confidence to reduce the need for ani-
mal testing within the metal production and medical device sector.
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Inhalation toxicity mechanisms 
of legacy and next-generation 
perfluoroalkyl and polyfluoroalkyl 
substances (PFAS)
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Chiara Leo2, Dario Greco3, Francesco Dondero4, Arno 
Gutleb1 and Tommaso Serchi1 
1Environmental Research and Innovation Department, Luxembourg 
Institute of Science and Technology, Luxembourg; 2Polo d’innovazione 
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and Health Technology, Tampere University, Finland; 4Department of 
Science and Technological Innovation Università del Piemonte Orientale, 
Alessandria, Italy 

emma.arnesdotter@list.lu 

Per- and polyfluoroalkyl substances (PFAS) are complex synthet-
ic compounds used in several products and industrial processes. 
PFAS are mobile, omnipresent in the environment and extremely 
persistent. Although the toxicological implications of human ex-
posure to certain (legacy) PFAS are well-studied, data on alterna-
tive/next generation PFAS are still very limited. Thus, collecting 
experimental toxicity information of such poor-data PFAS is of 
high importance. 

The high serum-binding of PFAS congeners may influence their 
cytotoxic activity. Therefore, the influence of foetal bovine serum 
(FBS) and bovine serum albumin (BSA) on the cytotoxic activi-
ty of one legacy (perfluorooctanesulfonic acid – PFOS) and sev-
en next-generation PFAS belonging to the sulphonic acid series 
was investigated. A simple in vitro alveolar epithelial barrier mod-
el, i.e. A549 cells was exposed to the compounds in the presence 
of zero, low (1%) and high (10%) FBS, or BSA (1 mg/mL). Cells 
exposed to PFOS in the presence of BSA displayed an increased 
susceptibility to cytotoxicity than cells exposed in the presence of 
any or no level of FBS. Although this was observed for most of 
the poor ¬data PFAS, some compound specific differences were 
observed. 

Future studies encompass the use of an advanced in vitro 3D co-
culture model of the alveolar barrier coupled with single-cell tran-
scriptomics. The results will inform on potential apical effects that 
can be measured in high throughput assays, and so contributing to 
a testing toolbox to improve and address the hazard of PFAS expo-
sure to human health and ultimately, facilitate read-across actions 
between legacy and poor-data congeners.
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Human eythropoietin pharmaceutical 
product potency: An in vitro 
analytical method implementation
Bruno Taborda Paes de Camargo1, Newton Andreo-
Filho1, Vania Rodrigues Leite-Silva1,2 and Patrícia 
Santos Lopes1 
1Universidade Federal de São Paulo (UNIFESP), Brazil; 2The University of 
Queensland, Australia 

bruno.taborda@unifesp.br 

Human Erythropoietin (EPO) acts on erythrocyte predecessor 
cells by stimulating their proliferation, differentiation, matura-
tion and inhibiting apoptosis, thus increasing erythrocyte produc-
tion. EPO is clinically used for the treatment of anemia associated 
with chronic kidney failure, cancer, HIV infection, pre and post-
operative, rheumatoid arthritis and bone marrow transplantation. 
The potency test (biological activity) of EPO is still described to-
day, in official compendiums, as an in vivo test. However, with the 
growing ethical care in the use of animals in experiments and the 
variability of results, it becomes interesting an in vitro alternative 
method that directly impacts ethical, financial and analytical is-
sues, resulting in safety and quality to potency tests. To address 
these questions, the development of an in vitro analytical method 
for application in the pharmaceutical industry consists of evaluat-
ing the proliferation of the TF-1 cell line according to the stimulus 
received from EPO, having as reference a primary pharmacopeial 
standard. The results showed that TF-1 is capable of responding to 
the EPO stimulus, showing dose-response curves between 0.15 IU 
and 5.00 IU with linear cell growth and r2 = 0.99. The implemen-
tation of this method will considerably reduce the use of animals in 
the industry, assessing an appropriate quality control of the product 
potency as well as leads to a transition toward animal-free testing 
and more human-relevant results.
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Testing short-chain fatty acid  
effects on the efficacy of CAR T cells  
in a gut-on-chip system
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Orlova3, Christine L. Mummery3, Michael Hudecek2 

and Alexander Mosig1,4 
1Institute of Biochemistry II, Jena University Hospital, Jena, Germany; 
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Würzburg, Germany; 3Department of Anatomy and Embryology, Leiden 
University Medical Centre, Leiden, The Netherlands; 4Centre for Sepsis 
Control and Care, University Hospital Jena, Germany 

valentin.wegner@uni-jena.de 

Pre-treatment of cancer patients prior to CAR T cell therapy sig-
nificantly alters the level of short-chain fatty acids (SCFA) in the 
intestine, thereby potentially influencing the efficacy and the safe-
ty of adoptive cellular therapy (ACT) with CAR T -cells. 

To investigate the underlying effects of SCFAs, we used an im-
munocompetent microphysiological system of the gut expressing 
specific target proteins of therapeutic CAR T cells. Our studies 
could confirm the specific anti-tumorigenic activity of T cells in 
the intestinal tumour model, which was reflected by severe tissue 
damage. However, pre-treatment of CAR T cells with SCFAs lim-
ited tissue damage in a dose-dependent manner, depending on the 
type of the applied SCFA, with butyrate mediating the strongest 
CAR T cell inhibitory effect. Tumour protective effects were re-
capitulated by increased apical junction expression, the ameliorat-
ed release of proinflammatory cytokines release and increased cell 
viability. These effects, however, were abrogated upon inhibition 
of histone deacetylases (HDAC). 

We were able to show that SCFAs modulate anti-tumorigenic 
CAR T cell activity in a dose-dependent SCFA type-dependent 
manner in an immunocompetent gut-on-chip model via modu-
lation of the HDAC pathway. In future studies, we will establish 
an isogenic intestinal model based on human induced pluripotent 
stem cells to study the modulation of CAR T cell effects by SCFAs 
in a patient-specific context to identify personalized biomarkers 
for a more effective and safer ACT for cancer treatment.
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In vitro models of human skin are availableå for many years now 
and they are being widely used to access skin irritation, corrosion, 
UV exposure, etc. However, existing models lack tactility and sen-
sitivity. Due to the difficulty in obtaining human neurons, sever-
al groups have been using non-human neurons in order to enrich 
functionality of existing in vitro models. 

Here, we report the use of functional hiPSCs (human induced 
pluripotent cells) derived peripheral sensory neurons to establish 
a co-culture in vitro model with primary human epidermal kerati-
nocytes. The co-culture was established employing a microfluidic 
technology (Ananda Devices, Canada) specially designed to eval-
uate potential functional interactions between neurons and other 
cell types. The microfluidic device improved axonal growth, neu-
ronal subtype homogeneity and maturity of the innervating senso-
ry neurons. 

This proposed “neuroskin-on-a-chip” in vitro model can be po-
tentially used as alternative methods testing platform to study sig-
nal transduction in the screening of biomolecules acting on both 
keratinocytes and sensory neurons cross-talk. 

Summary: In this study, we constructed a miniaturized model of 
innervated human epidermis in a microfluidic platform consisting 
of human keratinocytes and hiPSCs derived sensory neurons, and 
potentially useful in the cosmetic and pharmaceutical industries.
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Multiclonals™ and beyond:  
The power of animal-free antibodies
Esther V. Wenzel, Kilian Johannes Carl Zilkens  
and Laila Al-Halabi-Frenzel 
Abcalis GmbH, Germany 

esther@abcalis.com 

Today, most antibodies for research and diagnostics are still pro-
duced in animals. Although the use of animal-free antibodies in 
therapeutic applications has been very successful, the research and 
diagnostic field are still lacking a profound range of antibodies 
from animal-free sources. 

With the “Recommendation on non-animal-derived antibodies” 
of the EU Reference Laboratory for Alternatives to Animal Test-
ing (EURL ECVAM) from 2020 a new era of perception has be-
gun. However, an estimated one million animals are still used an-
nually for antibody production and development within the EU. 

We provide a completely animal-free solution to replace all cur-
rent types of products on the research and diagnostics antibody 
market: 
1. Monoclonals (hybridoma-derived antibodies) 
2. Recombinant antibodies which are derived from immuniza-

tions 
3. Serum products (polyclonals) 
Our vegan antibodies are made completely in vitro without immu-
nization by antibody phage display. Additionally, every single an-
imal-derived material in the entire process has been replaced, e.g., 
in cultivation media or blocking reagents, resulting in truly vegan 
antibodies. 

Multiclonals™, our polyclonal replacement, have three advan-
tages for your work in addition to being vegan. First, they are tru-
ly target specific, eliminating the background reactivities of serum 
products. Second, they have unlimited reproducibility due to their 
recombinant production in cell culture. Third, they are customiz-
able, e.g., by modifying an Fc part suiting your needs. 

Consequently, vegan antibodies can even offer improved versa-
tility compared to animal antibodies. Additionally, they save time, 
costs and meet future ethical requirements in research and diag-
nostics as a higher quality and sustainable substitute to animal-de-
rived products.

Presentation: Poster

66

Transgenic zebrafish larvae  
as a non-rodent alternative model  
to assess neutrophil responses 
to nanomaterials
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Tran2, Carl Tucker3, Adriano Rossi3 and Charles Tyler4 
1Heriot Watt University, United Kingdom; 2Institute of Occupational 
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The exploitation of nanomaterials (NMs) in diverse products 
(e.g., food, cosmetics, textiles, medicines, electronics) is increas-
ing. Assessment of NM hazard is challenging given the rapid 
growth of nanotechnology and the production of a huge diversi-
ty of NMs. NM hazard assessments commonly focus on whether 
NMs activate an inflammatory response, with a reliance placed 
on rodents. Zebrafish (Danio rerio) are not protected until they 
have reached the stage of exogenous feeding at 5 days post-fertil-
isation (dpf) and we propose that they are used as an alternative 
to rodents in nanotoxicology to enhance implementation of the 
3Rs principles. The aim of this study was to investigate the suit-
ability of using transgenic zebrafish as a test model for screening 
NM toxicity via assessment of neutrophil responses. Transgen-
ic zebrafish (Tg(mpx:GFP)i114) with fluorescently-labelled neu-
trophils were exposed to silver (Ag) and zinc oxide (ZnO) NMs 
at 3dpf via water (following a tail fin injury), or via microinjec-
tion into the otic vesicle and neutrophil accumulation at the inju-
ry or injection site quantified at 4-48 h using fluorescent micros-
copy. Both NMs activated an enhanced neutrophilic inflammato-
ry response in injured zebrafish following aqueous exposure. Ag 
NMs stimulated the greatest inflammatory response. Ag NMs al-
so stimulated neutrophil accumulation in the otic vesicle, which 
peaked at 48 h. We suggest that transgenic zebrafish can be effec-
tively harnessed to rapidly screen NM toxicity via assessment of 
inflammation and provide us with considerable potential for re-
ducing our reliance on rodent studies in nanotoxicology (and oth-
er disciplines) to make testing more ethical, quicker, cheaper and 
predictive.
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Human-on-a-chip: History, 
progress, promise
Michael Shuler 
Cornell Univ. and Hesperos Inc., United States 

mshuler@hesperosinc.com 

Human microphysiological or “Body-on-a-Chip” systems are pow-
erful tools to assess the potential efficacy and toxicity of drugs in 
pre-clinical studies. Having a human based, multiorgan system, 
that emulates key aspects of human physiology can provide import-
ant insights in the decision about which drugs to move into clin-
ical trials. I will briefly describe the history and concepts behind 
this technology and then recent applications. Human surrogates are 
constructed using a low cost, robust “pumpless” platform. We use 
this platform in conjunction with “functional” measurements of 
electrical and mechanical activity of tissue constructs (in collabora-
tion with J. Hickman, University of Central Florida). Also, by com-
bining PBPK-PD models with these devices we can enhance our 
predictive power for anticipating human responses. Using a system 
with four or more organs we can predict the exchange of metabo-
lites between organ compartments in response to various drugs and 
dose levels. We have constructed models incorporating barrier tis-
sues such as GI tract, blood brain barrier, and skin with internal or-
gans such as liver, cardiac, and neuromuscular junctions and an im-
mune system mimic. With these systems, we can predict both effi-
cacy and toxicity of drugs in humans from preclinical studies. This 
system provided all the efficacy data necessary to move a drug can-
didate for rare neuromuscular diseases into a Phase Clinical trial 
(by Roche) We believe that these “Body-on-a-Chip” systems have 
great potential to increase the efficiency of conversion of drug can-
didates into approved, successful pharmaceuticals.
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Sharp increases in US animal 
research post-COVID
Jessica Ponder, Ryan Merkley and Kristie Sullivan 
Physicians Committee for Responsible Medicine, United States 

jponder@pcrm.org 

Metrics tracking research animal use in the United States are ex-
tremely limited, obscuring the ability to measure the impact of re-
duction and replacement efforts over time. Normally, the U.S. De-
partment of Agriculture (USDA) has reported national summaries 
of animal numbers from registered research facilities via annual 
reports required under the federal Animal Welfare Act (AWA), but 
the agency has been inconsistent in maintaining these records on-
line. In the interest of making the summaries available to the pub-
lic, we compiled animal numbers from 2014 to 2021 as reported 
to the USDA. We found that, despite a slowly decreasing trend in 
usage of animals from 2014 to 2019, there was a sharp increase 
in all AWA-covered species excepting cats and pigs during 2020 
and 2021. Since the COVID-19 pandemic began, approximately 
an additional 35,000 hamsters, 25,000 rabbits, 12,000 nonhuman 
primates, 9,200 guinea pigs, 4,700 dogs, and 1,700 sheep were re-
ported as used by USDA-registered facilities, resulting in a total 
increase of 16% from 2019 to 2021 of AWA-covered animals used 
each year. It is important to note that that upwards of 99% of all 
animals used in U.S. research laboratories are not covered by the 
AWA, including most mice, most rats, and all cold-blooded ani-
mals. Still, the increase in the use of AWA-covered animals reflects 
a pronounced disconnect between public health needs and our cur-
rent research investment. In addition, this demonstrates the need 
for greater government transparency around the numbers of ani-
mals used in research each year in the US.
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Bhogal2, Jasper Koning1 and Sue Gibbs1 
1Amsterdam University Medical Center, The Netherlands; 2Unilever R&D, 
United Kingdom 
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Background: Considering the skins major barrier function, it is ex-
pected that it would be a metabolically very active organ. How-
ever, current reconstructed human skin (RhS) models do not ad-
equately reproduce the metabolic potential of native human skin. 

Aim: To determine whether the incorporation of an adipocyte 
containing hypodermis into RhS will improve its metabolic po-
tential and to determine which major metabolic pathways are in-
volved. 

Methods: Primary human keratinocytes, fibroblasts and differ-
entiated adipose-derived stromal cells (ASCs) were co-cultured to 
create an adipose-RhS (reconstructed epidermis on fibroblast pop-
ulated hydrogel integrated above adipose layer). 

Results: Lipid droplet formation, gene expression of key adipo-
genic markers and adipokine secretion confirmed successful dif-
ferentiation of ASCs to adipocytes. Epidermal integrity was main-
tained. Addition of the adipose layer resulted in down-regulation 
of 9 and up-regulation of 286 genes in the dermal-adipose com-
partment compared to RhS with only the dermal compartment. 
Out of the up-regulated genes, 5 were identified as phase I, and 2 
as phase II metabolic enzymes. Gene ontology analysis revealed 
that these were mostly involved in vitamin A and vitamin D meta-
bolic pathways. The cytokine secretion profile changed drastical-
ly, showing reduced concentrations of pro-inflammatory cytokines 
in adipose-RhS compared to RhS. 

Conclusion: Adipose-RhS has a less inflamed phenotype in-
dicating the contribution of adipocytes to tissue homeostasis. 
Up-regulated phase I and phase II enzymes shows higher meta-
bolic activity of adipose-RhS compared to RhS. Therefore, adi-
pose-RhS mimics native skin more than traditional RhS and hence 
is a better model for investigating human skin in health and dis-
ease in Organ-on-chip
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The rodent cancer bioassay is currently required by most regula-
tory authorities for assessing human carcinogenic potential for ag-
rochemicals, food additives, industrial chemicals, and pharmaceu-
ticals. The length of time to perform the bioassay and the limited 
ability to address human carcinogenicity has led to many efforts to 
modernize carcinogenicity assessment away from the lifetime ro-
dent cancer bioassays. For example, weight of evidence-based as-
sessment of in silico, in vitro, and short-term in vivo tests have the 
potential to substantially reduce animal use while still protecting 
public health and better determining human carcinogenic hazard 
and risk. As a result, multiple international initiatives are develop-
ing frameworks for regulatory decision-making that will ultimate-
ly enable the replacement of the rodent cancer bioassays. 

In this context, leaders of the Rethinking chronic toxicity and 
carcinogenicity assessment for agrochemicals project (ReCAAP) 
and the European Partnership for Alternative Approaches to An-
imal Testing (EPAA) workgroups came together and recognized 
the need to map international efforts to develop and adopt new ap-
proaches for carcinogenicity assessment. Several ongoing initia-
tives were identified, including (but not limited to) ICH S1, EPAA, 
OECD IATA for chemical non-genotoxic carcinogens, ReCAAP, 
and the NTP Health Effects Innovation. Given the overlapping 
objectives of these initiatives to reduce use of the rodent cancer 
bioassay, the authors scoped a landscape that identifies opportuni-
ties for collaboration (bringing together international experts from 
governments, industry, academic, and non-government organiza-
tions) to build a roadmap that leads to global acceptance and in-
corporation of fit-for-purpose new approaches for human-relevant 
carcinogenicity assessment of agrochemicals.
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Environmental thermal refinement 
and its impact on energy  
efficiency and cholesterol in mice
Brianna Gaskill, Christina Boykin, Israel Zuniga, 
Mathew Coble, Jorgi Mandelbaum and Jorge Aranda 
Novartis Institute of Biomedical Research, United States 

brianna.gaskill@novartis.com 

Mice experience various chronic stressors in the laboratory envi-
ronment, such bright lights and cold stress. Chronic stress is well 
known to affect many aspects of physiology but in the case of 
mice, these stressors may alter energy expenditure, weight gain, 
and overall lipid profile; confounding the ability to model chang-
es in cholesterol and overall metabolism in laboratory mice. 
Therefore, we hypothesized that refining the mouse’s environ-
ment, through dark cages (red tint) and thermal access, would al-
ter aspects of metabolism. A factorial design was utilized to as-
sess the following treatments: Temperature (no heat-20C; 1/3 of 
the cage floor heated to 30C) and cage color (red caging to reduce 
light intensity; clear caging = typical lighting) in male and female 
C57BL/6J (N = 32 cages; 2 mice/cage = 64 mice; 8 weeks old). 
Mice and their food hoppers were weighted weekly. At the end of  
4 weeks, mice were euthanized to evaluate cholesterol (total; HDL; 
LDL). Data were analyzed as General Linear Models in JMP. Mice 
in clear cages with no heat (20C), had the highest feed:gain ratio 
compared to all other cage combinations, indicating poorer energy 
efficiency (F1,1 = 7.24; P = 0.13). However, total circulating cho-
lesterol, HDL, and LDL levels were unaffected by environmental 
treatments. It appears that environmental refinements that are more 
tailored to the animal’s specific needs, including lighting, can af-
fect energy efficiency but does not appear to alter circulating cho-
lesterol levels in mice.
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Introducing the 3Rs concept in 
higher education: Experiences in 
the Universitat de Barcelona
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Universitat de Barcelona, Spain 
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The 3Rs concept (Replacement, Reduction and Refinement) is a 
globally recognized framework for ethical use of animals in sci-
entific experimentation. In an educational setting, the 3Rs can be 
taught to student as part of their science curriculum to raise aware-
ness about the ethical considerations involved in animal experi-
mentation and encourage the use of alternative methods. Howev-
er, there are limitations to introduce this in curriculum. The first is 
related to the organization of the curricula and the difficult to in-
troduce changes in them properly, which require the national ad-
ministration of higher education authorization. The second is that 
although researchers and professors are more familiarized with re-
duction and refinement, their knowledge on replacement is lim-
ited or insufficient. Then the most important is to introduce stu-
dents but also professors in the new methodologies related to re-
placement. In that case, to solve these limitations we can follow 
different strategies: a) guest lectures and workshops for students 
and professors inviting experts in alternative methods; b) provid-
ing opportunities for hands-on experience offering students the op-
portunity to participate in research projects that use alternatives;  
c) encouraging students to apply the 3Rs in laboratory practicals, 
etc. Following such recommendations and strategies, we present 
here our activities in the faculty of Pharmacy and Food Scienc-
es related to final degree projects, seminars, short courses and in-
volvement of students in our research projects related to the devel-
opment of in vitro methods to replace animals.
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for higher deposition efficiency 
and optimized operations
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In respiratory in vitro toxicology, air-liquid interface (ALI) expo-
sure chambers are a promising method for cell culture exposure. 
However, many ALI exposure systems are characterized by sev-
eral limitations (e.g. low deposition efficiency – 35-60% for sin-
gle-droplet deposition systems, risk of chemical carryover, time- 
consuming operations). The ALI system, on the contrary, should 
be able to mimic in vivo conditions (inhalation) while ensuring 
high and controlled deposition efficiency, especially when used to 
deliver valuable compounds (e.g., environmental particles, phar-
maceuticals APIs). 

To overcome these issues, we developed an ALI exposure sys-
tem with both housing and casing equipped with an integrated 
heating mean, thus enabling a non-intrusive heating and tempera-
ture monitoring within the housing, and quick temperature ris-
ing in the exposure chamber. This innovation allows much higher 
deposition rates, thanks to the reduced condensation of the aerosol 
on the casing walls. Additionally, we modified the lower chamber 
to allow housing of different format of multiwell plates. A dispos-
able pierced lid keeps the hanging wells in place while significant-
ly reducing the risk of chemical carryover and biological contam-
ination. Furthermore, the time needed to set-up and clean the sys-
tem post-exposure is significantly reduced. 

To assess the deposition efficiency, sodium fluorescein was 
aerosolised and quantified after deposition on Transwells. We 
found out that the deposition was 4-5 times higher in the double 
heated system compared to the conventional single-droplet depo-
sition system. The use of the disposable lid reduced the operation 
time by 80%, removing the risk for chemical carryover and bio-
logical contamination linked to the exposure operations.
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Animals used for scientific purposes must be treated humanely, 
which warrants responsible care and use by competent staff. Com-
petence can be broadly defined as performing an activity at a high 
standard, combining competency in performing the required tasks 
with desirable personal attributes. It is achieved through educa-
tion, training, experience, and continuing professional develop-
ment, and must be regularly assessed. 

To ensure animals are used and cared for competently, princi-
ples and practices must be assessed reliably, objectively and trans-
parently. However, establishing trust in competency to perform 
procedures autonomously is challenging, as it needs certifying 
that those being assessed not only hold the necessary knowledge 
and mastery of practical skills, but also that they manifest appro-
priate attitudes of empathy towards animals and act accordingly, 
the latter requiring assessing both trainees and established profes-
sionals in their daily work. Here, a five-step approach for assess-
ing competency in a specific task is proposed, reducing the super-
vision required with each step, until one can be entrusted to fully 
work independently. 

Working for the European Commission, we have defined har-
monized learning outcomes for training of competence assessors, 
based on which we are developing online training resources. Con-
tents will cover the value of training and assessment; develop-
ing and performing assessments; enhancing and establishing trust 
within a performance; and reflecting on the assessment process. 
This is inspired by medical education, where “entrustable profes-
sional activities” are becoming key components of establishing 
competency in patient care, and which can now be applied to es-
tablish competency in animals used for scientific purposes.
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There is increasing interest to replace animal-based potency assays 
used routinely to test vaccines, since they are highly variable, cost-
ly, and present ethical concerns. The development of relevant in  
vitro assays is part of the solution. Using the pertactin (PRN) an-
tigen as an example in DTaP-IPV (diphtheria, tetanus, acellular 
pertussis, and inactivated poliovirus) vaccines, a PRN antigenic-
ity ELISA was developed using two monoclonal antibodies with: 
1) high affinity to unique PRN epitopes, 2) relevance to human 
immune responses, and 3) evidence of functionality. The ELISA 
measured consistent PRN antigenicity between vaccine lots, and 
was validated to demonstrate its accuracy, precision, linearity, and 
specificity. Notably, the PRN antigenicity ELISA was more sensi-
tive than the mouse-based potency test and could more effectively 
differentiate between degraded and intact vaccine lots, compared 
to the in vivo test. From these studies, the PRN antigenicity ELISA  
is proposed as an in vitro replacement for the in vivo potency test 
for PRN in DTaP-IPV based formulations. Important consider-
ations in this study included comprehensive antibody characteriza-
tion, testing of multiple vaccine lots, method validation, and com-
parison to animal-based potency. Together, these factors form part 
of an overall strategy that ensures reliable and relevant in vitro as-
says are developed to replace animal tests. 

 
This work was fully funded by Sanofi. 
Jason Szeto is a Sanofi employee and may hold shares and/or  
stock options in the company.
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Human precision-cut lung slices (hPCLS) are a highly relevant 
3-dimensional model of the lung. They offer native architecture 
and cells of the lung tissue including respiratory parenchyma, 
small airways, and immune competent cells involved in inflamma-
tory and sensitization processes. The scarcity of human lung tis-
sue available for research and the inability to conduct larger scale 
testing has limited the use of hPCLS as a test system for routine, 
high-throughput testing. 

To overcome this barrier, IIVS has refined the methodology be-
hind the cryopreservation, storage, thaw and post-thaw mainte-
nance of human lung slices. As primary tissues have varied quality 
and responsiveness, a standardized performance characterization 
(PC) is conducted on all donor batches. To establish credibili-
ty for the approach, the principles of the OECD guidance doc-
ument (No. 286), “Good In Vitro Method Practices (GIVIMP)”,  
were applied. Documentation for 1) Donor batches created (in-
cluding blinded donor demographic/medical data), 2) hPCLS 
physical and functional characteristics (e.g., PC data) and stor-
age conditions, 3) recommended thaw and culture protocol, and 
4) chain of custody documents relevant to the distribution of hP-
CLS to other laboratories are maintained. 

The quality principles of GIVIMP are crucial to the hPCLS 
serving as a reliable test system for use in repeatable research and 
regulatory toxicology. With improvements in slice creation, stor-
age, culture conditions, and the quality framework surrounding 
all of these efforts, the IIVS hPCLS can be confidently used for 
larger scale testing, tissue banking, and repeat donor experimenta-
tion while retaining tissue integrity and functionality, both in a re-
search and regulatory context.
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Ocular irritancy testing on animals for safety reasons such as the 
Draize eye test are still prevalent around the globe. In the Global 
Harmonized System (GHS), neat chemicals are categorised and la-
belled along their eye irritation severity into category 1 for severe 
eye damage and category 2 for eye irritation. The Draize test only 
provides neat-related substance testing to reduce animal suffering. 
However, consumer goods are often based on diluted substances. 
Therefore, a method to identify concentration dependent eye irrita-
tion potential of a chemical is of great interest for risk assessment. 

To address this challenge, we examined effects of concentra-
tion-dependent eye irritation employing a modified protocol of 
the Organisation for Economic Co-operation and Development 
(OECD) 492 test guideline. Instead of an MTT-assay, we used 
non-destructive impedance spectroscopy to analyse reconstructed 
cornea like models based on primary human cells. We tested four 
category 1 substances in three different dilutions: 100%, 5% and 
1%. Tracking concentration dependent damage, we measured im-
pedance 6 times over 11 days. The transendothelial or transepi-
thelial electrical resistance at the frequency of 1000 Hz decreased 
to below 10% in undiluted category 1 chemicals, indicating se-
vere eye damage. However, with the dilution the TEER values in-
creased above 80% of the control indicating a non-irritant and a 
dose dependent effect. These findings were supported by morpho-
logic analysis of H&E staining in the tissues, displaying dose de-
pendent damage. 

Impedance-based predictions could influence the labelling of 
formulated consumer goods and pave the way to alternative tests.
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As animals and humans share some anatomical and physiological 
similarities, animal studies have contributed to a foundational un-
derstanding of the biological processes involved in disease. How-
ever, usefulness of animal models in understanding human health 
is limited, partly due to inherent species differences. Scientific and 
technological advances that attempt to address these limitations in-
clude the development of in vitro platforms called microphysio-
logical systems (MPS). Thus, human cell-based MPS have demon-
strated their potential to unravel mechanisms of human physiolo-
gy and disease by recapitulating human organs and organ systems 
in a dish. 

The emergence and global spread of COVID-19 presented an 
opportunity for assessing the utility of MPS to study how SARS-
CoV-2 affects the lungs and other organs and to support develop-
ment of therapeutics. However, these rapid and widespread en-
deavors also increased the risk of overlapping investigations and 
duplication of research efforts. The MPS for COVID Research 
(MPSCoRe) working group was organized to globally connect 
key MPS stakeholders to reduce this risk. The working group fa-
cilitates open communication among stakeholders to maximize 
the impact of MPS technologies in understanding disease mech-
anisms and treatments and reducing animal use while improving 
human health. In this way, the group aims to promote adoption of 
MPS for studying COVID-19 and future emerging infectious dis-
eases. These efforts will accelerate the development and adoption 
of MPS in infectious disease research and may reduce the reliance 
on animal models in future studies. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Rather than focussing on refining an individual procedure, we 
have adopted an approach that looks at the entire lifespan of the 
laboratory animal and seeks to improve their experience by target-
ing the 3Hs: Housing, Habituation and Handling. 

Our animals are housed in highly enriched cages to promote 
natural behaviours and reduce stereotypical behaviours associated 
with stress. We also use playpens for added enrichment and have 
demonstrated the positive impact that they have on welfare. 

We have implemented a habituation protocol which includes 
basic handling, modified restraint methods and exposure to ex-
perimental apparatus to develop positive associations before the 
beginning of the experimental procedure. This can decrease the 
stress of the animal across all procedures as the animal has a posi-
tive association with the handler. 

We have modified our restraint techniques to eliminate the need 
for “scruffing” in rats or tail handling in mice for substance ad-
ministration. We have used objective measures of affective state 
and the stress response to show that these methods offer signifi-
cant improvements in welfare. We have also developed an oral 
dosing protocol that eliminates the need for gavage dosing as the 
test substance is combined with a palatable substance that the ani-
mal drinks directly from the syringe. 

By taking a holistic approach and addressing the animal’s rela-
tionship to both its environment and research staff we can reduce 
the cumulative stress across the entire lifetime of the animal.
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Animal Cranio Kit: A simulator to 
replace rats in craniotomy training
Klena Sarges Marruaz da Silva1, Carlos A. Müller2 and 
Valeria Marques3 
1Innovation Lab – Institute of Science and Technology in Biomodels – 
Oswaldo Cruz Foundation, Brazil; 2Oswaldo Cruz Foundation, Brazil; 
3UNIFESO, Brazil 

klena.sarges@fiocruz.br 

Rats are animals commonly used in neuroscience research because 
they are easier to handle and manage. The current and future sce-
nario denote an increase of neurodegenerative diseases cases, but 
our understanding about the origin and control of these diseases 
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A novel multiplex immunoassay 
for animal-free quality 
control of DTaP vaccines
Maxime Vermeulen1, Isabelle Feck1, Antoine 
Francotte1, Laura Hassall2, Lorenzo Tesolin1, Wim Van 
Molle1, Romain Pizzato3, Thierry Laurent4, Charline 
Hoebreck5, Paul Stickings2 and Alexandre Dobly1 
1Sciensano, Belgium; 2NIBSC, United Kingdom; 3Sanofi, Belgium; 4GSK, 
Belgium; 5Jefferson Wells consultant on assignment at GSK, Belgium 

maxime.vermeulen@sciensano.be 

Routine batch quality testing before vaccine release, notably for 
potency determination, still relies on animal use for several vet-
erinary and human vaccines. Our study is part of the VAC2VAC 
project, a public-private consortium of 23 partners funded by EU, 
whose main objective is to reduce the number of animals used for 
batch testing by developing immunoassays that could be imple-
mented for routine potency assessment of vaccines. The research 
presented here focused on the development of a Luminex®-based 
multiplex assay to monitor the consistency of antigen quantity and 
quality throughout the production process of DTaP vaccines (Diph-
theria, Tetanus, acellular Pertussis) from two human vaccine man-
ufacturers. In-depth characterized monoclonal antibody pairs were 
used for the development and optimization of the Luminex® assay 
with non-adsorbed and adsorbed antigens as well as with complete 
vaccine formulations from both manufacturers. The multiplex as-
say demonstrated good specificity, reproducibility and absence of 
cross-reactivity. Analysis of over- and under-dosed formulations 
and heat or H2O2-degraded products revealed the ability of the as-
say to detect qualitative and quantitative alterations of formulated 
antigens. Finally, the evaluation of 11 primer vaccines from man-
ufacturer A, 29 primer and 28 booster vaccines from manufactur-
er B demonstrated an acceptable batch to batch variability (CI: 82-
122%) when compared to a reference homologous batch, except 
for the pertussis toxoid from manufacturer B. The results generat-
ed in this study provided the proof of concept for a future applica-
tion of the multiplex immunoassay as a useful tool in the frame of 
DTaP vaccine quality control.

Presentation: Poster

mailto:jb16486@bristol.ac.uk
mailto:klena.sarges@fiocruz.br
mailto:maxime.vermeulen@sciensano.be


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 190

for > 24 h, while they quickly fell below detection limit after Tem-
gesic® injection. Activity of naïve mice was slightly increased by 
the extended-release BUP formulation. Importantly, the extend-
ed-release BUP formulation did not affect renal function and body 
weight of AKI mice, while the clinical scores of general well-be-
ing were slightly improved esp. during the first 12 hours post-sur-
gery. The Mouse Grimace Scales demonstrated non-inferiority of 
the extended-release BUP formulation. 

Our results 1) confirm that the microparticulate extended-re-
lease buprenorphine is a safe and efficacious analgesia treatment 
in mice with renal impairment and 2) validate the Mouse Grimace 
Scale as non-invasive monitoring option of pain amenable to auto-
mated analysis by deep learning.

Reference
[1] Schreiner et al. (2020). Sci Rep.
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Be brave to advance alternatives: 
A trade association’s role in NAMs 
promotion and education
Caroline Rainsford and Francesca Rapolla 
The Cosmetic, Toiletry and Perfumery Association, United Kingdom 

frapolla@ctpa.org.uk 

Trade associations are perfectly positioned to promote acceptance 
and use of NAMs through their trusted relationships with industry, 
regulators and NGOs. 

With the UK establishing new chemicals regulatory strategies 
there is a unique opportunity to integrate NAMs, from the begin-
ning, into frameworks considering exposure along with hazard, to 
understand real-life human or environmental risk. 

In March 2022, CTPA, the UK cosmetics trade association, con-
vened an expert NAMs workshop, connecting industry scientists, 
testing houses, NGOs, academia and Government to: 
− bring together isolated activities, all working towards a com-

mon goal; 
− champion outcomes-focussed approaches to chemicals legisla-

tion, avoiding prescriptive methods; 
− identify NAMs best practice and integration into chemicals 

safety assessment alongside traditional data to progress regula-
tory acceptance and promote wider use. 

However, regulatory acceptance cannot inspire change un-
less paired with education. As a sequel to the workshop, in 2023  
CTPA convened industry experts to deliver practical, case-study 
centred training in animal-free human health and environmental 
assessments. Industry and regulatory scientists gained confidence 
in using NAMs in everyday risk assessments. 

As a trade association, CTPA has been crucial in implement-

is still limited. For this reason, laboratory animals are still wide-
ly used in research and in some practices in biomedical sciences 
courses, where the practice of craniotomy stands out, an operative 
technique that enables access to the brain. 

The Animal Cranio Kit is a rat craniotomy simulator developed 
to replace them in training and to refine the experimental technique 
after training. The simulator helps the training of scientists in ear-
ly stage who have neuroscience projects performing animal exper-
imentation, but never had any kind of training in invasive operative 
techniques such as craniotomy, which leads to unnecessary deaths 
of many animals due to malpractice during the experiment. 

The simulator was developed in 3D printing with thickness and 
resistance of the head similar to the structure of the rat skull and 
contains material that imitates the dura mater and the brain, pro-
viding a more realistic experience in craniotomy training as ma-
ny times as the user intends to use it, until feel safe to perform the 
procedure on the animals. 

The Animal Cranio Kit is currently in TRL 7, having received a 
positive evaluation from the test users. The simulator has a patent 
required in Brazil and in several countries (INPI 923521771/ WO 
2021/146786 A1).
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Extended-release buprenorphine in a 
murine model of acute kidney injury
Jianping Li1, Ellen Germerdonk1, Frederique 
Lafossas1, Alexander Cattini1, Charlotte De Rosny1, 
Raphael Thierry2, Claudia Textor3, Peter Wipfli3 and 
Barbara Nuesslein-Hildesheim1 
1Immunology, Novartis Institutes for BioMedical Research, Novartis Basel, 
Switzerland; 2NX IPDS Machine Learning, Novartis Basel, Switzerland;  
3FEHLT 
4Discovery LMW CH, Novartis Basel, Switzerland

jianping.li@novartis.com 

We wanted to test whether an extended-release BUP formulation 
offers an efficacious and safe post-surgery analgesia in a mouse 
model of ischemia/reperfusion-induced acute kidney injury (AKI) 
without influencing renal parameters. 

First, we assessed in healthy C57BL/6 mice, blood and brain 
levels of a microparticulate extended-release BUP formulation 
[1] vs. Temgesic® and monitored activity levels in digital cages 
(DVC®). Then, we compared in an acute kidney injury model over 
24 h post-surgery the extended-release BUP formulation (single 
s.c. injection) vs. Temgesic® (3 s.c. injections followed by over-
night application in drinking water) and measured BUP effects on 
renal function parameters, clinical condition, and Mouse Grimace 
Scale as non-invasive examination of distress and pain in mice. 

Our results in naïve mice demonstrate that the extended-release 
BUP formulation kept brain buprenorphine levels above 1 ng/ml 
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mune system. A promising path forward are iPSC-derived hema-
topoietic stem cells and their progeny. With these cells, the ulti-
mate goal of building an autologous patient-specific model of the 
developing hematopoietic system could be achieved.
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Drug metabolism of CYP P450  
substrates in dogs and  
humans: Genetic perspective
Sandra Smieszek 
Vanda Pharmaceuticals Inc., United States 

sandra.smieszek@vandapharma.com 

Dogs are frequently used as test animals in both pharmacological 
and toxicological assessments of new drug compounds. This study 
is focused on the comparison of metabolism between humans and 
beagle dogs for a number of selected model drugs, including the 
prediction of drug elimination through the liver clearance (CLH). 
Specifically, we focus on determining the intrinsic in vitro clear-
ance (CLint,in vitro) in the metabolic model, here liver microsomes, 
and revealing the capacity of drug elimination in the selected mod-
el drug compounds in the two species. 

The preselected drugs chosen to be metabolized by a range of 
membrane-bound cytochrome P450 (CYP) enzymes in microsome 
substrates of humans and beagles are caffeine (CYP1A2), me-
phenytoin (CYP2C19), bupropion (CYP2B6), dextromethorphan 
(CYP2D6), midazolam (CYP3A4) and repaglinide (CYP2C8).  
The assay used for estimating the CLint,in vitro used was the in  
vitro t½ method, in which CLint,in vitro is derived from the mono-
exponential slope of a single depletion curve. The extrapolation 
of CLint,in vivo is performed by using physiologically valid scaling 
factors (SF) and the liver’s metabolic capacity. 

The obtained results show a high degree of variability in drug 
elimination metabolism between humans and beagles and depend 
on the genotype. Human CYP2B6 and CYP2D6 variant carriers 
are even slower metabolizers. Additionally, there are large differ-
ences between beagles and humans (3-4-fold) which can be fur-
ther amplified by a skewed genetic profile of a highly inbred pop-
ulation of “lab” dogs. The effect of genotypes certainly impacts 
metabolic capacity making extrapolations from a dog model to hu-
mans less reliable.
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ing scientific advancements in practice; facilitating open dialogue 
between key partners and delivering education to increase confi-
dence in NAMs; and encouraging companies to share their exper-
tise and learnings within industry and with regulators. “Be brave” 
is the overarching message from CTPA – making NAMs a priority 
topic in conversations between the scientific community and regu-
lators, to inspire a change in mindset towards their use for chemi-
cals safety assessment by these key stakeholders.
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Microfluidic bone marrow chips  
as a potential tool for developmental 
immunotoxicity testing
Leopold Koenig1, Laurent Juglair2, Thi-Phuong Tao1, 
Susanne Fischer2, Juliane Hübner1, Desirée Schubert2 

and Annika Winter1 
1TissUse GmbH, Berlin, Germany; 2F. Hoffmann-La Roche Ltd, pRED 
Pharmaceutical Sciences, Basel, Switzerland 

leopold.koenig@tissuse.com 

Diseases of the immune system have shown increasing prevalence 
in the last decades among children in developed countries. The de-
veloping immune system is more susceptible to toxicants than the 
adult immune system, raising the question what role potential im-
munomodulatory compounds play in that development. 

The human bone marrow is one of the primary lymphoid or-
gans, where leukocyte development and maturation takes place. 
Already today, hematologic toxicities can be predicted in vitro in 
a human bone marrow microphysiological system. Human CD34+ 
hematopoietic stem cells and mesenchymal stromal cells are com-
bined in a scaffold-based microfluidic culture to investigate effects 
on the innate immune system by tracing differentiation into mono-
cytes, granulocytes and NK-cells by flow cytometry. Also, the 
combination of the bone marrow model with allogeneic T-cells to 
incorporate the adaptive immune system into the model is possible 
with on-chip T cell activation and killing of target cells. 

Another potential approach to model the adaptive immune sys-
tem is a previously developed in vitro lymph node model based on 
monocyte-derived dendritic cells that are embedded together with 
an autologous lymphocyte population in a dextran hydrogel. 

A current limitation of these systems to model the immune-mod-
ulatory potential of compounds is that they are built from adult 
cells and are therefore not exactly mimicking the developing im-
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Establishing scientific confidence and  
application of NAMs for plant 
protection product development 
and regulatory registration
Raja Settivari, Shadia Catalano and Sean Gehen 
Corteva Agriscience, United States 

raja.settivari@corteva.com 

Historically, hazard and risk assessment for plant protection prod-
ucts have relied on implementation of animal-intensive studies. 
Recent progress in the development of fit-for-purpose and bio-
logically relevant NAMs enable adoption of alternative methods 
for new molecule development, regulatory registration purpos-
es. NAMs that have been validated and have OECD test guide-
lines are currently being applied to replace/supplement tradition-
al in vivo testing for global registration of new actives and formu-
lations. For many complex toxicological endpoints, a battery of 
promising NAMs, although do not yet have OECD TG, could be 
applied for understanding mode of action, assessing key mecha-
nistic events in the development of toxicity, biological relevance, 
and for better interpretation of data via weight of evidence assess-
ment, while establishing protective and robust point of departure 
for human health risk assessment. In this presentation, direct and 
indirect mechanisms of thyroid toxicity are used as proof-of prin-
ciple, to demonstrate the applicability of various promising alter-
native methods, including in silico, in vitro, zebra fish models and 
omics approaches for toxicity profiling of plant protection prod-
ucts at various stages of molecule development, for stage-gate ad-
vancement decisions and for global registration and re-registration 
purposes. In addition, the significance of compiling well-charac-
terized positive and negative reference chemicals and experiences 
and key-learnings on implementing multi-organ microfluidic or-
gan systems for thyroid models will be discussed.
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Non-invasive methods for  
the assessment of animal  
welfare while testing  
an immunomodulatory drug
Emily Leitner1, Wiebke-Felicitas Nierath1, Rico 
Schwarz2, Burkhard Hinz2, Brigitte Vollmar1 and 
Dietmar Zechner1 
1Rudolf-Zenker-Institute for Experimental Surgery, University Medical 
Center Rostock, Rostock, Germany; 2Institute of Pharmacology and 
Toxicology, University Medical Center Rostock, Rostock, Germany 

emily.leitner@uni-rostock.de 

Introduction: Stress assessments in animal studies not only pro-
mote ethical responsibility and animal welfare but can also be 
used to evaluate the side effects of drugs. The aim of this study 
was to investigate whether the RORγt inverse agonist GSK805 af-
fects the immune system of cholestatic mice without reducing their 
well-being. 

Methods: Bile duct-ligated BALB/c mice were treated with 
DMSO as a vehicle or GSK805 (30 mg/kg, p.o.) for 14 days. The 
efficacy of GSK805 was assessed by quantitative PCR. To deter-
mine animal welfare by non-invasive methods, body weight, peri-
anal temperature, a distress score, and burrowing as well as nest-
ling activity were determined. 

Results: GSK805 significantly (*p < 0.0001) reduced the ex-
pression of IL-23R in bile duct-ligated mice. Compared to treat-
ment with the vehicle control, GSK805 had no significant effects 
on mortality, body weight, perianal temperature, distress score, 
and burrowing as well as nesting behavior of the animals. Howev-
er, cholestasis induced by bile duct ligation caused a progressive 
reduction in animal welfare. 

Conclusion: According to the study, GSK805 has immunomod-
ulatory properties without affecting animal welfare, suggesting 
that this drug could be used for the treatment of various diseases 
without causing major adverse side effects. 
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OphtalMimic: An innovative in vitro  
test for ophthalmic  
drug products screening
Manuel A. Falcão, Geisa N. Barbalho, Marcilio Cunha-
Filho, Guilherme M. Gelfuso and Tais Gratieri 
University of Brasilia, Brazil 

tgratieri@gmail.com 

The necessity of animal-free performance tests for novel ophthal-
mic formulation screening is challenging for pharmaceutical sci-
ences. In this way, we developed an innovative device that simu-
lates the dynamics and physicochemical barriers of the eye to eval-
uate ophthalmic drug performance in vitro, the OphtalMimic. This 
novel device has an exposed area with a synthesized structured 
three-layered hydrogel-based cornea accommodated in a support 
base, on top of which resides a simulated eyelid, a simulated cul-
de-sac area, and an inlet and outlet for pumping simulated lacri-
mal flow. The support base is assembled into an engine that con-
stantly moves from 0° to 50°, which also moves the eyelid. The 
OphtalMimic was challenged by two Fluconazole formulations, a 
Poloxamer 16% (PLX16) and a Poloxamer 16% + Chitosan 1,0% 
(PLX16C10), a formulation with higher viscosity and mucoadhe-
sive properties. Each formulation was tested with a 0.5 mL.min-1 
simulated lacrimal flow and a 10-minute test time. All the drained 
liquid was collected, diluted, and analyzed by LC-UV. The Oph-
talMimic was able to differentiate both formulations draining 72% 
±4 and 65% ±3 of the drug in the PLX16 and the PLX16C10, re-
spectively. Also, the relative standard deviation was below 5%, 
demonstrating the reproducibility of this innovative ophthalmic 
product performance testing device. The OphtalMimic is useful 
for comparing formulations, allowing high-throughput screening 
during the development, research, and quality phases. Our future 
perspective is to accommodate a reconstructed human cornea in 
the support base and provide dynamic results regarding drug per-
meability together with the dynamic performance of tested formu-
lations.
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Integration of technological 
interference into curated HTS data
Victoria Hull1, Alexandre Borrel1, Agnes Karmaus1, 
David Allen1 and Nicole Kleinstreuer2 
1Inotiv, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, United States 

victoria.hull@inotivco.com 

Thousands of chemicals have been screened using in vitro 
high-throughput screening (HTS) assays in the Tox21and Tox-
Cast programs, generating millions of data points that can be dif-
ficult to interpret and review in detail. Many Tox21/ToxCast as-
says use luminescence and fluorescence technologies to generate 
readouts and determine chemical activity; however, test substanc-
es can contain substructures that interfere with these technologies 
to generate false-positive outcomes. To identify these potential 
false positives, Tox21 includes a series of assays to test for inter-
ference between its chemical library and red, blue, and green flu-
orescence or luciferase luminescence detection technologies. For 
chemicals that have not been tested in Tox21, InterPred (https://
sandbox.ntp.niehs.nih.gov/interferences/) provides QSAR predic-
tions for chemical interference from a model trained on the Tox21 
10k library. To increase confidence in HTS data in the Integrated 
Chemical Environment (ICE; https://ice.ntp.niehs.nih.gov/), we 
have integrated Tox21- and InterPred-derived alerts for potential 
autofluorescence interference into the ICE curated HTS (cHTS) 
pipeline. We first searched the assay technology annotation inven-
tory in the EPA’s InvitroDB v3.5 database and identified over 300 
assays that use luminescence or fluorescence. We then cross-refer-
enced the chemicals tested in those assays with interferent chem-
icals identified in Tox21 and InterPred. Warning flags were as-
signed to any potentially impacted assay endpoint-chemical pairs, 
and these flags were added to the cHTS workflow. The interfer-
ence flags in the ICE cHTS pipeline help to further refine the ac-
curacy and context provided for users to interpret cHTS bioactiv-
ity calls. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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In vitro stinging test using  
3D skin model, hiPSC-derived  
sensory neurons, and 
microelectrode arrays (MEA)
Masataku Okamura1, Kosuke Onishi1, Satoru 
Miyazawa1, Megumi Sakuma1, Makoto Mizuno1, Yuto 
Ishibashi2, Nami Nagafuku2 and Ikuro Suzuki2 
1Research Laboratories, KOSÉ Corporation, Japan; 2Department 
of Electronics, Graduate school of engineering, Tohoku Institute of 
Technology, Japan 

m-okamura@kose.co.jp 

Chemical nociception is a type of pain caused by exposure to cer-
tain chemicals. In the context of cosmetics, evaluating chemi-
cal nociception is important to forestall adverse sensation during 
product use. Although conventional methods such as the stinging 
test are commonly used for this purpose, they are not objective as-
sessments; they rely on subjective evaluations by human volun-
teers, and thus frequently result in inconsistent data. 

In this study, we aimed to design an alternative in vitro method 
for the conventional stinging test using human-induced pluripo-
tent stem cell (hiPSC)-derived sensory neurons. We recorded neu-
ral activities of these cells upon exposure to chemicals with micro-
electrode arrays (MEA). In order to better simulate the human skin 
environment, we also considered a method in which 3D skin mod-
el was installed on top of the cultured sensory neurons. 

We first verified our method with three known chemical agents: 
TRPV1 agonist capsaicin, TRPA1 agonist allyl isothiocyanate 
(AITC), and TRPM8 agonist menthol. Changes in neural respons-
es were detected when hiPSC-derived sensory neurons were ex-
posed to these chemicals. 

We next tested our in vitro method with fragrance ingredients 
to explore its application in cosmetics. p-Anisaldehyde, cinnam-
yl alcohol, and gamma-nonalactone were selected for their ability 
to cause stinging sensations in human volunteers. These samples 
also induced changes in neural activities when tested with our in 
vitro assay. 

The in vitro assay in our study is an ethical alternative to the 
conventional stinging test and shows promising results for its ap-
plication in screening cosmetic ingredients.
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Development of in vitro phototoxicity 
test method using reconstructed 
human epidermis (KeraSkin™)
NamHee Kang1, So-Hee Kim1, Minhee Cha1, Joohwan 
Kim1, Changeon Park2 and Yoonsook Lee1 
1Toxicological Screening & Testing Division, National Institute of Food 
and Drug Safety Evaluation, Ministry of Food and Drug Safety, Cheongju, 
Chungbuk, South Korea; 2Korea Testing and Research Institute 98, 
Gyoyukwon-ro, Gwacheon-si, Gyeonggi-do, South Korea 

kocvam@korea.kr 

We are currently conducting a study for the development a “me-
too” in vitro RhE phototoxicity test method. The method can be 
used to identify phototoxicity potential of test chemicals following 
topical exposure of RhE model (KeraSkin™) to the chemicals in 
the absence versus present of light. The skin irritation test method 
using KeraSkin™ is already adopted in the in vitro Skin Irritation: 
Reconstructed Human Epidermis test methods (OECD TG 439) 
and the model’s similarity with the Validated Reference Method 
(VRM) of the TG 498 (EpiDerm™) has been demonstrated. Two 
lead labs (Ministry of Food and Drug Safety (MFDS) and Korea 
Testing and Research Institute (KTR)) and three participating labs 
(Biosolution, Chemon, and KTR) will carry out this study. We 
have optimized the Standard Operating Procedure for the method 
and worked on evaluation of transferability and proficiency. 

 
This research was supported by a grant (23214MFDS262) from  
Ministry of Food and Drug Safety in 2023
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Phtalox hand sanitizer cream 
antiviral action against SARS-CoV-2
Guilherme Pereira Scagion1, Érika Donizetti Candido1, 
Vanessa Nascimento Chalup1, Bruna Leal Oliveira2, 
Rodrigo De Vecchi3 and Edison Luiz Durigon1 
1Laboratório de Virologia Clínica e Molecular, Departamento de 
Microbiologia, Instituto de Ciências Biomédicas, Universidade de São 
Paulo (USP), São Paulo, Brazil; 2Instituto Israelita de Ensino e Pesquisa 
Albert Einstein, São Paulo, Brazil; 3EPISKIN Brasil Biotecnologia,  
Rio de Janeiro, Brazil 

brasil@episkin.com 

Phtalox is a phthalocyanine used to reduce COVID-19 symp-
toms in mouthwash. We evaluated antiviral capacity of hand 
sanitizer cream containing Phtalox and permanence time us-
ing Reconstructed Human Epidermal model (SkinEthic™ RHE),  
CCL-81 VERO cells and SARS.CoV2/human/Bra/SP02cc/2020 
virus (Genebank MT350282). Experiments were conducted in 
NB-3 Laboratory following WHO Biosafety regulations in com-
pliance with Good Laboratory Practices. Test product was applied 
on RHE and viral solution was tested for cytotoxicity. After 30 
minutes, supernatant was inoculated into different wells contain-
ing Vero cells. Viral solution was stored to quantity SARS-COV-2 
by RT-PCR after 72 h incubation in DMEM. Cell culture was fixed 
and stained with Naphthol Blue Black (Sigma-Aldrich). No cyto-
toxicity was observed in VERO cells. RT-PCR results showed that 
both hand sanitizers were able to reduce the viral load by 100% 
within 5 minutes and 1 hour. After 2 h of application the 0.05% 
cream showed a reduction of 89%; during 3 and 4 hours a 100% 
reduction. At 0.25% the reduction was of 91%, 98% and 74% in 
viral load, at 2, 3 and 4 hours, respectively. The hand sanitizers 
with Phtalox were not cytotoxic to Vero cells and presented a viral 
reduction capacity up to 4 hours after application.
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Sex matters: Insights from  
a syngeneic orthotopic model of 
metastasized pancreatic cancer
Benjamin Schulz1, Rico Schwarz2, Nadine Aboutarra2, 
Tobias Lindner3, Burkhard Hinz2, Brigitte Vollmar1 and 
Dietmar Zechner1 
1Rudolf-Zenker-Institute for Experimental Surgery, University Medical 
Center Rostock, Rostock, Germany; 2Institute of Pharmacology and 
Toxicology, University Medical Center Rostock, Rostock, Germany; 3Core 
Facility Multimodal Small Animal Imaging, University Medical Center 
Rostock, Rostock, Germany 

benjamin.schulz@med.uni-rostock.de 

Purpose: The influence of sex as a biological variable on drug effi-
cacy studies in preclinical cancer research is often neglected. This 
study investigated differences between male and female mice in a 
syngeneic, orthotopic model of metastasized pancreatic ductal ad-
enocarcinoma (PDAC). 

Methods: After orthotopic implantation and intravenous in-
jection of 6606PDA cells into male and female C57BL/6 mice, 
cohorts were treated either with a combination of trametinib, 
BKM120 and BI3406 or vehicle control. Wellbeing of the mice 
was evaluated by analyzing burrowing behavior, body weight, 
nesting activity and a distress score. In addition, the tumor weight 
and rate of metastasis were assessed. 

Results: Compared to female mice, male mice showed higher 
rate of metastasis, lower survival and higher tumor weight irre-
spective of therapeutic intervention. While therapeutic interven-
tion prolonged survival and reduced tumor weight in males, re-
sponse in females was less apparent. Burrowing behavior, nesting 
activity and body weight in males were reduced compared to fe-
males, while the distress score tended to be higher. 

Conclusion: Male and female C57BL/6 showed differences in 
therapy response, survival and distress in a syngeneic, orthotopic 
model of metastasized PDAC. 
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A bioethical engagement with  
the CCAC revised ethics document
Andrew Fenton 
Department of Philosophy, Dalhousie University, Canada 

atf@dal.ca 

The Canadian Council on Animal Care (CCAC) is revising their 
basic ethics document and this presentation analyzes the proposed 
revisions from a bioethics perspective. To accomplish some of 
this, the draft document will be briefly compared with the CCAC’s 
current ethics statement as well as some favoured ethics principles 
in human research ethics. Then I will devote most of my time to 
discussing how the revised document promises to advance discus-
sions on some pressing ethics issues in the use of animals in sci-
ence. A significant advance over the CCAC’s current ethics state-
ment is the explicit embrace of bona fide core ethics principles (at 
the time of writing, Non-maleficence, Sufficient Benefit, and Re-
spect). There are also principles of application that serve to illus-
trate how the core principles can be applied in practice. Taken to-
gether, they can be reasonably seen to reflect changes already afoot 
in animal research ethics, particularly the ethical importance of re-
homing or retiring “surplus” animals. Moreover, they also effec-
tively support re-seeing killing as a harm – which remains more 
controversial in the relevant science communities than it should 
be. As this is a bioethical engagement with the draft document, I 
will also speak to what is yet underdeveloped in the revised docu-
ment and how future revisions can further advance animal research 
ethics in Canada. A serious but common ethics lacuna in scientific 
animal use is adequately dealing with non-anthropocentric justice 
issues. I will argue that several issues surrounding rehoming or re-
tiring animals shows why justice must enjoy greater prominence.
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Advances in the use and 
implementation of  
3D human skin-model based 
genotoxicity assays
Stefan Pfuhler 
Procter & Gamble, United States 

pfuhler.s@pg.com 

In vitro genotoxicity assays are being accepted as hazard identi-
fication tools already for decades in regulatory settings. Positive 
results from these assays were typically de-risked by follow up 
testing in animals. This standard in vitro genotoxicity testing bat-
tery consisting of tests evaluating mutagenicity and clastogenicity/
aneugenicity potential has been shown to overpredict hazards in 
animals and humans. Limitations of these assays thought to con-
tribute to overprediction include the lack of “in vivo-like” behavior 
for key cellular functions like proliferation, morphology, metabo-
lism, gene and protein expression, and function. These features are 
better reflected in human tissue or organ models which have start-
ed revolutionizing toxicological research and have demonstrated 
potential to serve as direct replacement of in vivo tests. Two such 
higher complexity models we have developed, optimized, and val-
idated two assays for assessing potential genotoxicity of substanc-
es with dermal routes of exposure are the reconstructed skin (RS) 
Comet assay and the RS micronucleus (RSMN) test. Combining 
these assays enables detection of DNA damage leading to all three 
types of genotoxic damage (gene mutation, clastogenicity and 
aneugenicity) and results in excellent predictivity of in vivo out-
comes. These assays have been accepted into the OECD guideline 
development program and are currently undergoing formal valida-
tion peer-review. Methodological advances of these methods we 
are currently working on are expected to further increase their util-
ity and support implementation into regulatory schemes. These in-
clude automated evaluation via imaging flow cytometry, ability to 
incorporate liver metabolism, and an adaptation of the RSMN as-
say that enables the detection of photo-genotoxins.
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Obstacles, solutions & 
recommendations: A knowledge 
agenda for the transition 
towards animal-free science
Victoria de Leeuw1, Elly Hol2, Teunis Geijtenbeek3, 
Robert Passier4,5 and Martijn Nolte6 

1Centre for Health Protection, National Institute for Public Health and the 
Environment (RIVM), The Netherlands; 2Dept. Translational Neuroscience, 
UMC Utrecht, The Netherlands; 3Dept. Experimental Immunology, 
Amsterdam UMC, The Netherlands; 4Dept. Applied Stemcell Technologies, 
University of Twente, The Netherlands; 5Dept. Anatomy & Embryology, 
LUMC, Leiden, The Netherlands; 6Program More Knowledge with 
Fewer Animals, The Netherlands Organization for Health Research and 
Development (ZonMw), The Netherlands 

nolte@zonmw.nl 

Many new therapies, despite being effective in laboratory animal 
models, work less well or even not at all in humans. Therefore, 
there is a growing need for the development and application of an-
imal-free methods, which effectively translate to human (patho)
physiology. The transition from an animal-focused to human-cen-
tred approach is a long-term process, as it runs counter to past 
habits and existing interests, and requires the trust in animal-free 
methods to grow. To identify the challenges that impede this tran-
sition, we consulted a large number of academic and commercial 
researchers, regulators, students and lecturers from various Dutch 
universities and institutes who have extensive experience with lab-
oratory animals and/or animal-free innovations. This resulted in a 
prominent knowledge agenda, in which we identified various ob-
stacles and solutions at a scientific and technical level, but also at 
an educational, political, societal and cultural level. Moreover, we 
formulated many specific recommendations addressed to a large 
variety of stakeholders, enabling a broad approach to boost the 
transition. 

By its design, this knowledge agenda is both widely supported 
and far reaching. Although we focus on developments and oppor-
tunities in the Netherlands, our approach as well as the ensuing 
results may also be helpful for other countries, as the challeng-
es and solutions are obviously influenced by international devel-
opments. We therefore hope that the entire community working 
on animal-free innovations will relate to this knowledge agenda. 
With the right initiatives, we believe we can inspire many stake-
holders to stimulate this transition towards more human-oriented, 
animal-free science.
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Towards a proximal tubule 
microphysiological system for  
antisense oligonucleotide 
safety testing
Michelle Jäschke1, Malin Forsgard2, Anna-Karin 
Sjögren2, Sebastian Prill2, Patrik Andersson2, 
Rhiannon David3, Christine Schwenk1, Eva Dehne1 and 
Reyk Horland1 
1TissUse GmbH, Germany; 2AstraZeneca, Sweden; 3AstraZeneca, United 
Kingdom 

michelle.jaeschke@tissuse.com 

Antisense oligonucleotides (ASOs) enable the modification of the 
expression of clinically relevant target mRNAs. The PCSK9-tar-
geting ASO SPC5001 was terminated in a clinical phase 1 study 
due to dose-related tubulotoxicity, which the preceding preclinical 
toxicity studies performed in mice and non-human primates failed 
to predict. In the current study, we evaluated whether ASO-relat-
ed target gene knockdown and tubulotoxicity could be observed 
using the HUMIMIC Chip4, a microphysiological system (MPS) 
that enables the long-term co-cultivation of a proximal tubule 
model with additional organ models of interest. This constitutes 
a highly physiologically relevant model that can be used to as-
sess organ-specific toxicity, targeting and exposure routes in fu-
ture studies. 

Here, we seeded primary hRPTECs into the HUMIMIC Chip4 
and cultivated them using a defined fluid flow for 28 days. Follow-
ing a 7-day equilibration phase, cells were exposed to the nephro-
toxic ASO SPC5001 or a control ASO on days 7, 14 and 21, mim-
icking a weekly clinical dosing regimen. SPC5001 treatment re-
sulted in an efficient target gene knockdown with a 10-fold lower 
PCSK9 expression on day 28 compared to the controls, as well as 
increased lactate secretion and an increased number of dead cells. 

In conclusion, this proximal tubule MPS presents a promising 
tool for future ASO toxicity studies with the possibility of extend-
ing the cultivation and exposure period, incorporating additional 
organ models or utilizing PBPK modelling and in vitro-in vivo ex-
trapolation to enable clinically relevant predictions of ASO tox-
icity.
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Overcoming the industrialization 
challenges for in vitro absence  
of toxin testing in tetanus vaccines
Ana Gonzalez1, Viktória Vágány2 and Shahjahan  
Shaid3 
1GSK Wavre, Belgium; 2GSK Gödöllö, Hungary; 3GSK Marburg, 
Germany 

ana.x.gonzalezhernandez@gsk.com 

When using animals, GSK follows scientific principles to prevent 
or minimize pain and distress before, during, and after experimen-
tal procedures to develop innovative products and perform the 
mandatory release of vaccines. 

The majority of animal testing in GSK is linked to quality con-
trol of vaccines. By developing and applying non-animal methods, 
GSK has reduced the utilization of animals by 60% in the last sev-
en years and we aim for 75% by 2025. 

Recently, the European Pharmacopoeia adopted 16 revised 
monographs on tetanus vaccines, including the suppression of 
three animal tests. Despite this progress, the in-vivo Test for ab-
sence of toxin remains in place. Replacement of this test by an in 
vitro method is desirable from animal welfare and innovation per-
spectives. Although expected to be eventually replaced, it can take 
years and even decades to realize. Therefore, GSK´s 3R program 
initiative is to proactively replace it with the BINACLE (binding 
and cleavage) ELISA, developed by the Paul-Ehrlich-Institut. 

The BINACLE has demonstrated its suitability in an interna-
tional collaborative study (BSP136) as a more sensitive in vitro 
alternative to the Test for absence of toxin for tetanus neurotoxins 
(TeNT). This method relies on non-commercially reagents as the 
polyclonal antibody specific for cleaved synaptobrevin. Further 
not all reagents comply with EMA guidelines and GMP standards, 
which is a critical requirement for the assay´s industrialization as 
release test. To overcome this challenge, GSK has developed and 
evaluated the suitability of anti-Syb2 monoclonal antibodies for 
their use on the BINACLE assay under the required quality stan-
dards.
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How to train the trainer: 
Influence of education on positive 
reinforcement training
Jennifer Meier1, Edna Hillmann2, Lorenz Gygax2 and 
Carola Fischer-Tenhagen1 

1German Federal Institute for Risk Assessment (BfR), Centre for the 
Protection of Laboratory Animals (Bf3R), Berlin, Germany; 2Humboldt-
Universität zu Berlin, Faculty of Life Sciences, Albrecht Daniel Thaer-
Institute of Agricultural and Horticultural Sciences, Animal husbandry & 
Ethology, Berlin, Germany 

jennifer.meier@bfr.bund.de 

Experimental procedures with farm animals are often associated 
with restraining techniques. Both may cause stress in farm ani-
mals, influence results and bring about a risk for occupational ac-
cidents. Using positive reinforcement training in this context can 
reduce stress in animals and therefore implement refinement ac-
cording to the 3R Concept. Trainer skills may influence the suc-
cess of positive reinforcement training. To be successful and effec-
tive in respect to invested time and resources, animal trainers must 
be consistent, precise, and structured in their training technique. 
However, the potential influence as well as the required education 
of animal trainers are rarely described in literature, but necessary 
for implementation of positive reinforcement training as refine-
ment measure. 

To investigate the effect of two educational programs on ani-
mal trainers, we compared the training success of two groups of 
participants in training goats within two weeks for a behavior al-
lowing simulated venipuncture. One group was educated in a two-
day workshop while the other was provided with specific literature 
for self-instructed learning. Training success was greater in the 
workshop group (p = 0.004). In addition, 73% of the participants 
in the workshop group stated that they could completely imple-
ment the content of the workshop in training their goat, in contrast 
to 13% in the self-instructed group. Our results indicate that more 
intensively educated trainers can train animals more successful-
ly. In conclusion, if animal training is implemented as refinement, 
potential animal trainers such as animal caretakers or technicians 
should receive instructions for the respective training.
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animal research is vital in order that we may expand our knowl-
edge regarding the underlying causes. This involves the use of sur-
gical procedures that ethically require analgesia. However, since 
basic pain researchers wish to measure pain-related behaviours, 
and on the assumption that peri-operative analgesia would im-
pact neuropharmacological outcomes, animals are often denied 
peri-operative analgesia. This means that animal welfare in the 
acute post-surgical period is not optimally considered. Thus, the 
aim of this project is to refine the use of peri-operative analgesic 
administration for rodents undergoing surgeries by investigating 
its impact on electrophysiological and behavioural outcomes. Pre-
gabalin (3 mg/kg) will be administered to rodents undergoing spi-
nal nerve ligation surgery preceding a battery of behavioural tests 
and electrophysiological analysis. My pilot data shows that in spi-
nal nerve ligated rats, a single dose of pregabalin administered  
15 minutes prior to surgery does not significantly change baseline 
on spinal neuronal responses 14-16 days post-surgery, Behavioural 
data show that animals who did not receive any peri-operative an-
algesia manifest mechanical hypersensitivity on day 1-2 post-sur-
gery compared to those who received a single dose of pregabalin. 
If post-operative pain behaviours can be reduced in the acute pe-
riod, while neurological activity is unchanged in the chronic peri-
od, researchers should be willing to re-address the importance of 
perioperative analgesia in rodent models of chronic pain.
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Bringing quality control and  
batch release testing of 
biologicals into the 21st century
Anthony Holmes 
National Centre for the Replacement, Refinement and Reduction of Animals 
in Research, United Kingdom 

anthony.holmes@nc3rs.org.uk 

The 3Rs (Replacement, Reduction and Refinement of animals in 
research and testing) have gained significant traction globally as a 
framework to support the best, most innovative science that reduc-
es our reliance on animals and improves their welfare where they 
are still required. This is especially true right now in the quality 
control and batch release testing of biological products where large 
numbers of animals are used globally each year. The assays used in 
these tests have changed little since they were first introduced, but 
there now exists a swell of support for change and to explore how 
recent advances in science and technology can be applied to this 
field to bring it into the 21st century. 

Over the last decade significant strides have been made to ap-
ply non-animal approaches in the quality control and batch release 
testing of biological products and to remove obsolete tests such 
as the general safety test. However substantial challenges remain 
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Assessment of animal-free  
methods to substitute in vivo potency  
assays for DTaP vaccines
Charline Hoebreck1 and Shahjahan Shaid2 
1GSK Wavre, Belgium; 2GSK Marburg, Germany 

charline.x.hoebreck@gsk.com 

When using animals, we follow scientific principles to ensure that 
we prevent or minimize pain and distress before, during, and af-
ter experimental procedures to develop innovative products and 
perform the mandatory release of vaccines. Historically the ma-
jority of animal testing in GSK is linked to quality control of vac-
cines making it a key element to reduce animal use by develop-
ing and applying non-animal methods (NAM). GSK has reduced 
the utilization of animals by 60% in the last seven years and we 
aim for 75% by 2025 in Vaccines Quality. The last major animal 
tests in quality control are the potency assays for Diphtheria, Tet-
anus and acellular Pertussis (DTaP) vaccines. Different DTaP po-
tency animal-free analytical technologies have been developed by 
public partners in the European IMI2 Vac2Vac project, finalized in 
2022 and in which GSK participated. The most promising meth-
ods assessing antigen content and antigenicity were ELISA, Lu-
minex, MSD and LCMS. GSK has further evaluated the feasibili-
ty of these methods on seven GSK products in terms of technical, 
GMP and regulatory requirements. In this talk, we will present our 
results on (i) immunoassays comparison (ELISA, Luminex and 
MSD), (ii) standard definition with DTaP lyophilized materials, 
(iii) antigen age impact on the assay performance and (iv) prelim-
inary in vitro and in vivo comparison generated to demonstrate the 
suitability of animal-free in vitro methods to substitute the current 
in vivo potency assays.
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Refinement: The impact of peri- 
operative analgesia on 
neuropharmacological outcomes 
in rodent models of chronic pain
Francesca Di Domenico 
King’s College London, United Kingdom 

francesca.di_domenico@kcl.ac.uk 

Chronic pain affects approximately 20% of the population, and 
since currently prescribed analgesics are ineffective in three quar-
ters of these individuals, identifying novel pharmacotherapeutic 
targets is imperative. Multiple mechanisms contribute to pain and 
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Establishment of a human-based  
in vitro model for synaptic plasticity
Maria Grisales1, Kaveena Autar1, Will Bogen1, 
Christopher Long1, Xiufang Guo2, Marcella Grillo1, 
Sarah Lindquist1, Julbert Caneus2, Julia Kleffman2, 
Dave Morgan3 and James Hickman1,2 

1Hesperos Inc., United States; 2University of Central Florida, United States; 
3Michigan State University, United States 

mgrisales@hesperosinc.com 

Synaptic plasticity is characterized by the ability of neuronal net-
works to modify their synaptic connection strength and is consid-
ered an important feature for learning and memory. Long-term po-
tentiation (LTP) serves as a model for synaptic plasticity and is 
represented by the persistent strengthening of neuronal synapses in 
response to an electrical stimulus. To date, LTP has been evaluated 
using in vivo mouse models, brain slices, or non-organized neuro-
nal cultures. As an alternative to in vivo animal models, this study 
sought to develop a serum free in vitro model to assess synaptic 
connectivity and neural network integrity associated with cogni-
tive function using human induced pluripotent stem cell (hiPSC) 
cortical neurons and human-on-a-chip (HoaC) technology. Hu-
man iPSC-cortical neurons were cultured on microelectrode arrays 
(MEAs) with photolithographic patterned surfaces to encourage 
paired neuronal network formation. To evaluate LTP, an electri-
cal stimulus was performed on only one neuronal population with-
in each paired network and enhanced activity was assessed in the 
connected population. The enhancement in neuronal activity was 
hypothesized to be due solely through synapse connectivity, which 
was confirmed by the inability to induce and maintain LTP activity 
after blocking AMPA and NMDA receptors. This study validated a 
hiPSC-based, serum-free HoaC system capable of assessing neu-
ronal synapse integrity and evaluating LTP solely through synaptic 
connectivity. The establishment of this system enables further use 
for the investigation of neurodegenerative diseases for preclinical 
drug assessment.
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to the global adoption of these by some regulatory authorities and 
manufacturers, which continues to drive the use of animals de-
spite the availability of alternative approaches. This session will 
explore currently available non-animal methods, the challenges to 
their use and how by working as a community may begin to ad-
dress these to support the wider adoption of the most scientifically 
relevant testing approaches available.
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A spoon full of sugar? Refining  
mouse housing and  
experimental procedures with 
the help of rewarding treats
Aileen MacLellan, Sarah Baert and Georgia Mason 
University of Guelph, Canada 

aileen.maclellan@gmail.com 

Millions of research mice are used annually, often to model aver-
sive conditions (e.g., cancer, chronic pain, anxiety). Yet outside 
of unavoidable distress to meet research objectives, conventional 
housing, handling, and experimental procedures further compro-
mise mouse wellbeing. Numerous evidence-based refinements can 
address these issues (e.g., providing well-resourced, “enriched” 
environments instead of barren cages; non-aversive cup/tunnel 
handling instead of tail handling), but constraints on time and re-
sources often present barriers to implementation. Here, we show 
three ways in which rewarding treats can be used to improve mouse 
well-being through refinements and assist researchers. The first ad-
dresses challenges faced by researchers aiming to house mice in 
large, well-resourced cages in which catching animals can be hard: 
presenting a simple protocol in which mice are readily trained to 
enter a designated handling area of the home cage. This facilitates 
catching and handling mice in well-resourced environments and 
enhances abilities to detect problems during daily health checks. 
Next, we demonstrate the value of high value food rewards (paired 
with non-aversive handling and ethological designs) for cognitive 
testing. This approach allowed mice to rapidly meet learning crite-
ria in a complex cognitive task (judgement bias), without punish-
ment or aversive stimuli. Finally, we present a refined mouse anes-
thesia protocol, reducing pain and restraint stress through admin-
istering a voluntary oral analgesic pre-medication in condensed 
milk (followed by a subcutaneous injection to induce anesthesia, 
as opposed to intraperitoneal). These simple protocols can be read-
ily implemented across diverse research areas, improving animal 
welfare while meeting the needs of researchers and technicians.
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Developing a physiologically 
relevant small intestinal model for  
drug assessment
Samuel Richard1, Mridu Malik1, Isiah Mossiah1, 
Brianna Botlick1, Maria DeLuna1, Rocky Brighton1, 
Christopher Long1, James Hickman1,2 and Michael 
Shuler1 
1Hesperos Inc., United States; 2NanoScience Technology Center, University 
of Central Florida, United States 

srichard@hesperosinc.com 

In-vitro small intestinal modeling has proven to be a valuable tool 
in studying how pharmaceuticals and other chemicals affect in-
vivo-like human gastrointestinal (GI) tract physiology. Animals 
tend to be the model of choice as in vitro models lack many ba-
sic properties of human GI tract function. Many current in vitro  
models employ immortalized cell lines consisting of Caco-2  
enterocyte-like cells and mucus secreting HT-29 cells, but these 
cell lines offer limited metabolic activity, which is an important 
factor for evaluating effectiveness of oral dosing. To address this 
issue, we compared different iPSC-derived GI tract models con-
sisting of organoids and monolayer enterocytes with the conven-
tional Caco-2/HT-29 model. Our results suggest that of the differ-
ent models tested, the iPSC-differentiated enterocyte monolay-
er model is the most promising approach. Immunocytochemistry 
and flow cytometry results confirmed the expression of villin and 
mucin-2, which is specific to enterocytes and goblet cells, respec-
tively, and makes up a majority of the small intestinal epithelia. 
To confirm the presence of the CYP3A4 metabolic enzyme activ-
ity we performed commercial and in-house probe-based quanti-
fication assays, which showed levels of enzymatic activity up to 
3.2% metabolite to parent conversion. Viability assays showed that 
cell viability increases by 10% 7 days post-enterocyte maturation. 
With its promising in-vivo-like properties, this iPSC-derived mod-
el can be used as a first pass metabolism model for drug screening 
and testing. In combination with other organ modules on-a-chip, it 
can help model oral drug delivery profiles and pave the way for pa-
tient specific testing and reduce animal utilization.
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Current state policy of animal testing 
in cosmetics in Latin America
Camila Cortinez1, Nicole Valdebenito2 and Daniela 
Medina3 

1NGO Te Protejo, Germany; 2NGO Te Protejo, Mexico; 3NGO Te Protejo, 
Chile 

camila@ongteprotejo.org 

Latin America lags behind the EU by ten years of legislation re-
garding animal testing for cosmetics. Awareness over this issue 
has raised over the past six years, yet there is currently no official 
information on the number of animals used for cosmetic testing 
and the development of alternative methods laboratories is incip-
ient and lacks state support. 

There are 33 countries in Latin America, with a market size 
estimated at 51 billion dollars in 2020, in which Brazil, Méxi-
co and Chile represent 74% of this market. An increase of cru-
elty-free brands has been observed in the last decade. In Chile, 
México and Brazil for instance, between 2019-2023 there was a 
53% growth in cruelty free brands available in each country. Fur-
thermore, campaigns like #SaveRalph had a significant impact in 
Latin America and support in countries like Brazil and México 
went viral with 3 million signatures, creating a social phenom-
enon. 

So far four countries have legislated to ban animal testing for 
cosmetics and several bills have been introduced. However, cur-
rent legislations are not aligned within the international industry 
language and have legal gaps that could allow bypassing. 

There is an opportunity to develop a roadmap to promote an 
alignment between industries, government entities, and civil as-
sociations within the region, to work on a common legislative 
language and implementation path that allows to advance to an 
effective animal-free policy for cosmetic testing. There is also 
a gap for incentives on NAMs research, which such a roadmap 
would help to close.
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Development of a 3D human  
chronic wound model  
using animal-free products
Rachael Moses and Alastair Sloan 
Faculty of Medicine, Dentistry and Health Sciences, University of 
Melbourne, Australia 

rachael.moses@unimelb.edu.au 

Chronic wounds represent scenarios where the acute wound heal-
ing response is impaired, burdening both patients and healthcare 
systems. Rodent models are often used to assess novel wound 
healing therapeutics; however, these models have limitations in 
their translation to human wound healing scenarios due to vital dif-
ferences in skin architecture and wound healing cascade. We have 
developed a 3D organotypic chronic wound model as an alterna-
tive to animal models, to represent more closely the complex hu-
man in vivo scenario. 

This novel 3D organotypic model comprises human chronic 
wound derived fibroblasts and epidermal keratinocytes, cultured 
over 14 days at the air-liquid interface, resulting in epidermal dif-
ferentiation. This 3D organotypic model underwent H&E staining, 
along with immunostaining for key components of the epidermal 
and dermal layers, including keratin 10, keratin 14, involucrin and 
fibronectin. Use of chronic wound derived cells is key for accurate-
ly representing the impaired wound healing environment, due to 
phenotypic differences in cell function, compared to healthy der-
mal cells. 

Most cell-based research utilises animal-derived products, 
whereas this model is cultured using entirely synthetic, ani-
mal-free products, resulting in better repeatability in the studies, 
due to the batch variability associated with animal product use. 
Many industries and funders are already expressing an interest in 
replacing animal use in research, but a viable option is required to 
sufficiently replace currently used models. This novel 3D chron-
ic wound model will more accurately represent the human wound 
healing scenario and without the ethical considerations associated 
with rodent models and animal-product use.
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The potential of multi-organ 
microphysiological  
systems in drug development
Isiah Mossiah1, Mridu Malik1, Sam Richard1, Maria 
Grisales1, Brianna Botlick1, Maria DeLuna1, Chelsea 
Honore1, Christopher Long1, James Hickman1,2 and 
Michael Shuler1 

1Hesperos, Inc., Orlando, FL, United States; 2NanoScience Technology 
Center, Orlando, FL, United States 

imossiah@hesperosinc.com 

The advancement of microphysiological systems (MPS) has al-
lowed for its augmented use in drug development. However, ad-
ditional work is needed to make these models an effective al-
ternative to animal testing. We have constructed a gastrointesti-
nal (GI)-liver-blood brain barrier (BBB)-central nervous system 
(CNS) MPS model to test drugs targeting neurodegenerative dis-
ease (NDD). To validate our model for drug efficacy and transport 
studies, we used a cortisol-induced stress model of the CNS based 
on long-term potentiation (LTP) to test the effects of a vehicle 
control and cannabidiol (CBD) dose administered “orally” (with-
in the GI) into the system. CBD is an established stress-reduc-
ing chemical known to affect endocannabinoid receptors. Real- 
time TEER measurements of the GI and BBB showed barrier 
integrity maintenance throughout the 48-hour experiment. Al-
bumin production (~3 μg/mL) and CYP3A4 enzyme activity  
(~22 pmol D-Luc/h/106 cells) by the liver and viability of all or-
gan constructs was confirmed at 48 hours, intimating proper organ 
health and function post-dose. To confirm CBD’s beneficial effect 
on CNS stress reduction, the presence of free anandamide (AEA) 
in the system and LTP maintenance in the CNS was examined. 
Compared to undosed controls, systems dosed with CBD indicat-
ed higher levels of free AEA in the CNS at 24 and 48 hours. Addi-
tionally, there was a significant rescue of LTP maintenance at ev-
ery time point, indicating reduced stress levels in the CNS. These 
findings demonstrate the capabilities of our system to be used as a 
drug-testing platform, especially for NDD.
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Developmental toxicity test by  
long-term signal disruption 
observation using human iPS cells
Kashu Mizota1,2, Yusuke Okubo2, Mitsuaki 
Shibata2, Rintaro Ohara1,2, Satoshi Kitajima2, Yoko 
Hirabayashi2, Yoshihiro Nakajima3 and Junji Fukuda1 
1Yokohama National University, Japan; 2National Institute of Health 
Sciences, Japan; 3National Institute of Advanced Industrial Science and 
Technology, Japan 

mizota-kashu-bn@ynu.jp 

Developmental toxicity of chemicals has been assessed with labo-
ratory animals. However, this approach involves several challeng-
es, including species differences, the use of large number of ani-
mals, and costs. To satisfy the 3Rs principle, there is a need for the 
development of alternative in vitro approaches that can accurate-
ly evaluate the human teratogenicity in a high-throughput man-
ner. We have previously developed a human iPS cell-based assay 
for predicting the developmental toxicity of chemicals using the 
FGF signal disruption [1]. This assay successfully detected chemi-
cals listed in the European Centre for the Validation of Alternative 
Methods (ECVAM) in vitro developmental toxicity study. A no-
table feature of this assay is that disruptions occurring at various 
time points can be detected by integrating signal disruptions over 
time [2]. However, because the measurements were conducted by 
manual handling, the number of time points were limited. In this 
study, we examined whether the outcomes were further improved 
by continuous monitoring of signal disruption using an automated 
luminescence equipment. This approach could be a promising tool 
for the initial screening of developmental toxicants.

References
[1] Kanno et al. (2022). iScience.
[2] Kanno et al. (2022). Star Protocol.
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The assessment of phototoxicity 
using the reconstructed  
human epidermis, KeraSkin™: 
An in vitro evaluation of the 
phototoxic possibility of chemicals
Seolyeong Kim and Eunji Gwak 
Biosolution co. Ltd., South Korea 

tjfud2735@biosolutions.co.kr 

The increasing demand for tighter regulation of animal experi-
ments has prompted the need for the development of alternative 
in vitro models to evaluate the phototoxicity of cosmetics and 
new drugs. This study aims to investigate the ability of the re-
constructed human epidermis (RhE), KeraSkin™, to evaluate the 
phototoxic possibility of chemicals after topical treatment. Six 
proficiency chemicals were selected from the OECD test guide-
lines (OECD TG 498) to assess the phototoxicity using Ker-
aSkin™. The UVA sensitivity of KeraSkin™ was determined, 
and 6 J/cm2 was selected as the UVA irradiation dose according 
to OECD TG 498. The phototoxicity prediction was assessed by 
comparing the viability of UVA-irradiated and non-irradiated 
KeraSkin™ after the application of 3 phototoxic and 3 non-pho-
totoxic chemicals using the MTT assay. As a result, chlorproma-
zine, anthracene, and bergamot oil were evaluated as phototoxici-
ty and sodium dodecyl sulphate (SDS), octyl salicylate, and 4-an-
inobenzoic acid (PABA) were determined as non-phototoxicity. 
The results of this study indicated that KeraSkin™ is a suitable 
model for evaluating the phototoxicity of cosmetics and drugs, 
and a useful tool for establishing in vitro phototoxicity tests using 
domestic skin models.
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An in vitro microfluidic model of  
the human cardiovascular 
system for use in pharmaceutical 
screening applications
Gina Smith and Robert Bedford 
Labcorp, United Kingdom 

gina.smith@labcorp.com 

Cardiovascular disease is the leading cause of death worldwide; 
however, no regulatory assays are currently available to predict 
drug/chemical-linked effects on atherosclerosis (gradual narrow-
ing of the arteries). We use a BioFlux™ microfluidic system to 
model blood vessels in vitro. This platform has potential for scal-
ability and sustainability due to utilization of the commercial-
ly available BioFlux™ device. Primary human aortic endothelial 
cells lining microfluidic channels are exposed to shear flow, mim-
icking blood vessel physiology and blood flow through the vascu-
lature. Using this technology, we have developed physiological-
ly-relevant in vitro assays that model atherosclerosis, providing a 
bridge between in vitro and in vivo experiments. One such assay 
evaluates monocyte-to-endothelial cell adhesion and cytokine re-
lease in response to test compounds, thus modelling an important 
early stage of atherosclerosis and predictive of in vivo inflamma-
tory outcomes. The assay is relevant to multiple industries (e.g., 
pharmaceutical, food, chemical) as a safety assessment tool for 
prediction of atherosclerotic risk.
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ChemMaps.com V2 – Exploring  
the environmental chemical universe
Alexandre Borrel1, Aswani Unnikrishnan1, Dave  
G. Allen1 and Nicole C. Kleinstreuer2 
1Inotiv, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, United States 

alexandre.borrel@inotivco.com 

Access to computationally based visualization tools to navigate 
chemical space has become more important due to the increas-
ing size and diversity of publicly accessible databases and associ-
ated compendiums of high-throughput screening (HTS) and oth-
er descriptor and effects data. Construction of visualization tools 
relies on complex projection techniques using molecular descrip-
tors. However, application of these techniques requires advanced 
programming skills that are beyond the capabilities of many stake-
holders. Inspired by the popular Google Maps application, we de-
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HUMIMIC-InHALES:  
A human-relevant aerosol  
test platform for  
systemic exposure studies
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Antonin Sandoz2, David Bovard2, Hendrik Erfurth1, 
Arkadiusz Kuczaj2, Beren Ataç-Wagegg1, Uwe Marx1 
and Julia Hoeng2 

1TissUse GmbH, Berlin, Germany; 2PMI R&D, Philip Morris Products 
S.A., Neuchâtel, Switzerland 

katharina.schimek@tissuse.com 

Current aerosol exposure systems suffer from the limitation that 
they expose only discrete parts of the human respiratory tract in 
static in vitro cultures to a fraction of a complex aerosol. This lim-
its the predictive power of the generated data for respiratory and 
systemic human effects caused by such complex aerosols. 

Philip Morris International (PMI) developed the Independent 
Holistic Air-Liquid interface Exposure System (InHALES) as a 
mechanical replica of the whole human respiratory tract. It per-
fectly matches the architecture and respiratory characteristics of 
the human respiratory tract, including three relevant respirato-
ry tract compartments [1]. PMI engineered InHALES to imple-
ment TissUse’s proprietary microphysiological HUMIMIC multi-
organ-on-a-chip platform. A novel HUMIMIC chip for plug-and-
play insertion into InHALES was developed to maintain and 
culture a human cell culture insert-based lung model with other or-
gan equivalents (e.g., the liver). The use of new materials signifi-
cantly reduced the absorption within the chip and allowed for test-
ing of hydrophobic compounds. We have demonstrated the lung 
model’s integrity and viability using CellTrace™ Calcein Red-Or-
ange AM and CellTox™ Green staining. The airway cultures in 
the HUMIMIC chip are subsequently exposed to physiological 
aerosols generated by the InHALES. 

With its combination of aerosol test system and cutting-edge 
microfluidics, HUMIMIC-InHALES supports the development 
of any systemic tests for aerosol exposure, including acute and 
chronic toxicity and long-term treatment efficacy. 

Reference
[1] Steiner, S. et al. (2020). Toxicol In Vitro 67, 104909. 

Philip Morris International is the sole source of funding and  
sponsor of this research.
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genicity and drug-induced liver injury. DeepCarc and DeepDILI 
are deep learning models that integrate five conventional machine 
learning algorithms into a neural network to generate probabilis-
tic predictions for carcinogenicity and liver injury, respectively. 
We also applied carcinogenicity and mutagenicity models from the  
JANUS project (https://www.vegahub.eu/portfolio-item/janus/). 
We evaluated the confidence of each prediction as well as char-
acterizing each model’s applicability domain. Performance of all 
models was compared and physicochemical and structural prop-
erties of predicted active chemicals were defined. Our results sug-
gest that these computational models can be used to rapidly screen 
large chemical libraries to prioritize potentially hazardous sub-
stances for further evaluation. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Expanding PBPK modeling to predict  
chemical distribution in  
brain and adipose tissues
Aswani Unnikrishnan1, Xiaoqing Chang1, Agnes 
Karmaus1, Victoria Hull1, Dave Allen1 and Nicole 
Kleinstreuer2 

1Inotiv, RTP, NC, United States; 2NIH/NIEHS/DTT/PTB/NICEATM, RTP, 
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aswani.unnikrishnan@inotivco.com 

To facilitate decision making in drug discovery and risk assess-
ment, physiologically based pharmacokinetic (PBPK) modeling 
approaches are being developed for high-throughput applications. 
Most existing open-source PBPK models can predict chemical 
concentrations in major body compartments including blood, liv-
er, kidney, and gut. However, to help assess specific toxicological 
effects such as neurotoxicity, models need to predict chemical dis-
tribution to compartments like the brain that have complex struc-
tural features and may be exquisitely sensitive to chemical expo-
sures. In particular, understanding whether a chemical can cross 
the blood-brain barrier and incorporating that in a PBPK model is 
important for predicting and accurately assessing its potential neu-
rotoxicity. Additionally, adipose tissue plays a critical role in toxi-
cokinetics by acting as a storage compartment for lipophilic chem-
icals and a source of continuous internal chronic exposure as the 
chemical is released. However, this tissue is often not included as 
a separate compartment in existing PBPK models. Predicting the 
concentration of chemicals in adipose tissue by leveraging lipo-
philicity predictions from QSAR models (e.g., OPERA) can pro-
vide valuable information on the likelihood of chemical bioaccu-

veloped the ChemMaps.com webserver (https://sandbox.ntp.niehs.
nih.gov/chemmaps/) to easily navigate chemical space. The first 
version of ChemMaps.com enabled users to browse and visualize 
a space of 2,000 FDA-approved drugs and over 6,000 drug can-
didates from the DrugBank database (https://www.drugbank.ca/). 
The chemical space of ChemMaps.com V2, released in 2022, in-
cludes approximately one million environmental chemicals from 
the EPA Distributed Structure-Searchable Toxicity (DSSTox) in-
ventory. ChemMaps.com V2 incorporates mapping to HTS assay 
data from the U.S. federal Tox21 research collaboration program, 
which includes results from around 2,000 assays tested on up to 
10,000 chemicals. ChemMaps.com V2 users can now visualize 
chemical activity both by assay and target directly on the map and 
compare chemical spaces occupied by active and inactive chemi-
cals. ChemMaps.com V2 also has new navigation options, includ-
ing an on-the-fly distance measurement between two chemicals se-
lected on the 3D map, a map screenshot button, and customizable 
color mapping based on chemical properties. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Applying in silico toxicity models 
across the Tox21 chemical universe
Sunggun Lee1, Alexandre Borrel2, Kim T. To2, Ting 
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Alessandra Roncaglioni4, Alberto Manganaro5, Kamel 
Mansouri6 and Nicole C. Kleinstreuer6 
1Duke University, United States; 2Inotiv, United States; 3FDA/NCTR, 
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5KODE srl, Italy; 6NIH/NIEHS/DTT/PTB/NICEATM, United States 

alexandre.borrel@inotivco.com 

In day-to-day life, people are continuously exposed to many 
chemicals through different exposure routes. Ideally, regulators 
will leverage all available toxicity information to make regulato-
ry decisions on chemicals that will protect human health. Tradi-
tional toxicity testing relies on in vivo methods that are time-con-
suming, resource-intensive, and of questionable relevance to hu-
mans. Many available computational models can be applied to 
predict human toxicity for research and regulatory purposes to re-
duce time and resource expenditure. The goal of this collaboration 
was to apply and benchmark such models to the Tox21 chemical 
set. This set comprises approximately 10,000 chemicals includ-
ing drugs, consumer products, and pesticides that have been test-
ed in high-throughput screening assays in the U.S. Tox21 program. 
We applied three models to this chemical set to predict carcino-
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ner, and we are now integrating the antiviral T-cell products into 
the platform for testing safety and efficacy. This autologous, hu-
man-derived platform has the potential to provide valuable pre-
clinical data on the functionality and safety of EBV-specific T-cell 
products, may lay the basis for testing other specificities and will 
pave the way for clinical trials without extensive animal testing.
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Leveraging AOPs to enhance decision 
making on chemical safety across  
all stages of the development pipeline
Anax Oliveira, Adrian Fowkes, Alex Cayley, Alun 
Myden and Susanne A. Stalford 
Lhasa Limited, United Kingdom 
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As we progress in the journey towards assessing chemical hazards 
without relying on animal testing, integration of data from vari-
ous new approach methodologies (NAMs) becomes increasingly 
central to inform decision making on chemical safety. Frameworks 
built around adverse outcome pathways (AOPs) can facilitate the 
integration of data from both traditional and emerging methods, al-
lowing for comprehensive assessments which can provide mech-
anistic insight, identify data gaps, refine testing strategies, and as-
sess confidence in the overall conclusions. To illustrate those ben-
efits for screening and regulatory applications for developmental/
reproductive toxicity (DART) and carcinogenicity, respectively, 
relevant assays and (Q)SARs were annotated to expert-curated 
AOPs. The resulting network contained 61 AOPs and was asso-
ciated with information for over 200,000 unique compounds. To 
evaluate the DART screening tool, 199 compounds from a zebraf-
ish dataset were profiled, where the application of QSAR models 
and similarity searches in tandem demonstrated increased sensitiv-
ity towards predicting toxicities compared to using a single meth-
od in isolation. For the carcinogenicity application, a workflow 
based on the requirements of the ICH S1B addendum was created. 
Profiling two carcinogenicity datasets demonstrated the workflow 
provides good sensitivity, identifying 83% on average for known 
human and animal carcinogens. In both settings, expert review can 
take advantage of having available evidence grounded alongside 
mechanistic information. AOPs through the unification of toxic-
ity knowledge and data can support assessors in a range of deci-
sion-making settings through continued contextualization and or-
ganization of the growing evidence base that is occurring with the 
emergence of NAMs.
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mulation. This presentation highlights our work to expand existing 
PBPK models to quantify chemical concentrations in brain and ad-
ipose tissues. Case studies will be used to showcase the functional-
ity of these added compartments and explore their potential future 
implementations in the field of predictive toxicokinetics. 

This project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Tackling post-transplant 
lymphoproliferative disease:  
A cutting-edge platform for  
Epstein-Barr-virus specific T-cell  
fighters
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Römhild1, Hans-Dieter Volk3, Petra Reinke1, Michael 
Schmueck-Henneresse2 and Leila Amini1,2 
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Universitätsmedizin Berlin, Berlin, Germany 

lisa.burkhardt@charite.de 

Immunosuppressed patients after solid organ transplantation 
(SOT) are at high risk to develop malignancies. Post-transplant 
lymphoproliferative disease (PTLD) is one of the most severe 
complications after SOT, manifesting in the lung in up to 20% of 
the cases and involving treatment with highly toxic agents. 

Adoptive anti-viral T-cell therapy represents a novel, less tox-
ic therapeutical approach, which has shown promising results 
for PTLD. However, to confirm the safety and efficacy of these 
EBV-specific T-cell products for clinical translation, we are in ur-
gent need of a suitable human-based test platform overcoming the 
non-physiological 2D cell culture systems and animal models. 

We had the unique chance to set up a human co-culture plat-
form of patient derived 3D lung organoids and patient derived 
EBV-transformed lymphoblastoid cells (LCLs) mimicking PTLD 
in the lung, as we have access to primary lung tissue and blood 
samples from the same patient. In order to generate this plat-
form, we already implemented a co-culture of primary lung or-
ganoids and corresponding autologous LCLs. We have found a 
suitable co-culture medium and investigated LCL interaction and 
infiltration into the organoid. Patient-specific EBV-reactive T-cell 
product manufacturing is established in a GMP compatible man-

mailto:anax.oliveira@lhasalimited.org
mailto:lisa.burkhardt@charite.de


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 207

ing raw materials for better feed digestibility, screening new prod-
ucts for rumen improvement, health, and environmental issues. At 
Phileo by Lesaffre, a dedicated team has been pushing boundar-
ies of science to design 3 innovative models that can replace, re-
duce, and refine animal experimentation. The first model (Mod-
el 1) mimics rumen fermentation in bioreactors allowing to bet-
ter understand ruminal degradability of forages in vitro. A dual 
flow model combined with a Daisy Incubator showed reliable de-
gradability values to estimate milk performance at animal level. 
The second model (Model 2) seek to underpin immune challeng-
es from a blood sample. Readouts such as ROS (Reactive Oxy-
gen Species) or gene expression after cell restimulation helped in 
determining pro- and anti-inflammatory responses in ex-vivo con-
ditions. The third model (Model 3) aims at detoxifying the rumen 
from mycotoxins. An experimental design with ANKOM Gas Pro-
duction technology coupled with fiber degradability allow a better 
insight on how additives (pro- and post-biotics) strengthen the an-
imal resistance to mycotoxins. As a matter of fact, Models 1 and 3 
replace cows usually utilized for rumen explorations and toxicol-
ogy studies. Model 2 reduces and refines protocols to use less ani-
mals with a better care and attention given when sampling.
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Determining regulatory  
endpoints for an agrochemical 
without bioassays
Amy Meloche1, Michael Munday2, Natalia Ryan2 and 
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amy.meloche@syngenta.com 

Sufficient data to establish regulatory endpoints for cyclobutriflu-
ram, a new mitochondrial complex II succinate dehydrogenase in-
hibitor (SDHI), were available from studies up to and including 
90-day repeat dose toxicity studies. The chronic/carcinogenicity 
assays in rats and mice were not needed to address human safety or 
conduct risk assessments. 

Cyclobutrifluram had low toxicity, and was not genotoxic, neu-
rotoxic, immunotoxic, nor a developmental or reproductive tox-
icant. Toxicity findings were typical of SDHI’s: liver weight in-
creases and centrilobular hepatocellular hypertrophy in mice, 
rats and dogs; thyroid follicular cell hypertrophy in rats; eleva-
tions in liver enzyme activity in rats and mice; with no addition-
al or unique findings. The lowest no observed adverse effect lev-
el in studies up to 90 days duration was 51 mg/kg/day in rats. In a 
two-year study in rats at doses up to 23 mg/kg/day, body weight/
body weight gain decrement were the only findings. The lowest 
no effect level in mice after 18 months of dietary exposure was  
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Dynamic models replace animals 
to study long-term effect of 
additives on rumen fermentation
Jean-Philippe Marden 
Phileo by Lesaffre, France 

jp.marden@phileo.lesaffre.com 

The traditional continuous culture system (CCS) was designed to 
evaluate effects of feedstuffs on rumen fermentation. Active in-
gredients such as yeasts probiotics need a longer adaptation pe-
riod which in vitro tools often lack. The aim of this study was to 
modify the CCS to mimic efficiently a 17-day fermentation. The 
system was composed of 24 Duran fermenters fitted with 2 side 
arms to evacuate digesta and allow sampling for analytics. The cap 
was equipped with automatic monitoring pH, redox potential (Eh) 
probes. The trial involved a 7-d stabilization period and a 10-d of 
supplementation of live yeasts and the fermenters were fed pel-
lets twice a day. After 17-day of fermentation, CCS adapted ru-
men fluid was used to evaluate fiber degradability of wheat straw 
in Daisy Incubator II. Data were processed by GLM repeated and 
univariate model. Results showed that CCS imitated closely in 
vivo rumen pH & Eh kinetics having nadir pH values of 5.8 and 
5.5 after first and second meals respectively. Live yeast strength-
ened the anaerobic character of the milieu by lowering Eh (- 8 mV) 
when compared to no yeast. Degradability results showed a signif-
icant increase in DM (+ 2.9%), OM (+ 3.1%), NDF (+ 5.5%) and 
ADF (+ 4.8%) degradation in the presence of yeast. CCS proved 
to simulate rumen fermentation after a 17-day period. Combining 
these two in vitro systems showed valuable results especially when 
studying probiotics supplemented on a long period.
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better understand ruminant 
digestive physiology
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Ruminant digestive physiology is still a major concern for animal 
scientists as these animals that digest fibers to produce animal pro-
tein (milk and meat) for human consumption, produce also some 
undesired and polluting excreta. In this field, models that replace 
ruminants have been largely used and showed interest in evaluat-
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Review of complex in vitro models 
representing the pulmonary system
Arno Gutleb 
LIST, Luxembourg 

arno.gutleb@list.lu 

In the past most in vitro models including those representing the pul-
monary system were based on a single cell-type and in case for the 
pulmonary system even cultured under submerged conditions, which 
is not the physiological situation for lung cells. In recent years com-
plex models using more than one cell type in a 3D orientation were 
developed and have become widely applied. Models relevant for the 
lung are commercially available and can represent the whole respira-
tory system from the nasal cavity to the alveolar barrier. These com-
mercial models can be based on primary cells or cell lines with the 
inherent advantages and limitations of the two different approaches. 

Endpoints studied in the various models range from irritation, in-
flammation, respiratory sensitization, to carcinogenesis and cells can 
be incubated in static, pressurized or cyclic systems. Dosimetry is an 
important factor and may reach its limits in MPS systems. 

Overall, models should be as complex as necessary to mimic the 
physiological responses studied and as simple as possible to reach 
that goal while allowing dosimetry and measurement of relevant 
endpoints.
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1Department of Population Health Sciences, Institute for Risk Assessment 
Sciences (IRAS), Faculty of Veterinary Medicine, Utrecht University, Utrecht, 
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Cardiovascular disease (CVD) is the leading cause of mortali-
ty worldwide, and CVD incidence is expected to rise with the ag-
ing population. Lifetime exposure to environmental chemicals 

14 mg/kg/day, due to an equivocal increase in hepatocellular car-
cinomas, in male mice at 48 mg/kg/day. Since the test item was 
clearly demonstrated to induce CAR activity and transient cell 
proliferation, these tumours are not relevant to human risk assess-
ment. 

A point of departure for risk assessments of 51 mg/kg, adjusted 
by 3-fold for duration, provided an equivalent endpoint to the NO-
EL in the mouse carcinogenicity study. A human health protective 
risk assessment can be conducted based on studies up to 90 days in 
duration, supported by evaluation of similar chemicals.
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Development of the type 1 diabetes  
model islet in vitro
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Multicellular spheroids are thought to be useful to recapitulate or-
gan functions in vitro. Typical spheroids are made only from cells, 
however extracellular matrices (ECMs) are also important factors 
of healthy and diseased organs. For example, hyaluronic acid (HA) 
is deposited in the pancreatic islets in type 1 diabetes (T1D). Here, 
we report a method to fill spheroids composed of islet-cells with 
HA and demonstrate the effect of the pathological ECM on islet 
functions. 

We isolated primary mouse islet cells and suspended in culture 
medium at 8e6 cells/ml. To fill HA into the spheroids, the cell sus-
pension medium dissolving HA was prepared. We injected 1 µl of 
the cell suspension with or without HA into the 3% MC medium 
to aggregate the cells. After 10-30 min, the injected cells (and HA) 
were concentrated, and stable spheroids were formed after 24 h in 
the MC medium. The spheroids were isolated from the MC medi-
um and used for subsequent assays. 

Compared with normal islets, HA-loaded T1D model is-
lets showed less amount of glucose stimulated insulin secretion 
(GSIS). In the T1D model islets, ATP synthesis and Ca2+ uptake 
after stimulation with glucose were reduced. The filling of heparan 
sulfate, an ECM detected in healthy islets, were not inhibited the 
GSIS. These results indicated a possibility that HA is not only an 
inflammation mediator in T1D but also a factor of GSIS inhibitor. 
We believe that this method filling spheroids with ECMs can be 
applied in various studies.
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ologically-based kinetic (PBK) modelling, we aim to bridge the 
gap between in vitro toxicity estimates for a set of relevant envi-
ronmental chemicals and in vivo human exposure estimates. This 
should facilitate subsequent risk assessment efforts. The classic 
cardiotoxic anthracycline doxorubicin (DOX) was tested in the 
ALTERNATIVE platform as proof of concept. In the microphysio-
logical platform, DOX induced concentration and time-dependent 
increases in ROS while reducing cardiomyocyte viability, which is 
in line with evidence suggesting mitochondrial dysfunction is in-
volved in DOX toxicity. To extrapolate these toxicological in vitro  
points of departure (PoD) to human dosimetry, we developed a 
mechanism-based full-body PBK model, which includes a detailed 
heart compartment consisting of epi-, mid- and endomyocardial 
sections. We included DNA, mtDNA, and cardiolipin binding pro-
cesses in each section. To verify the model’s performance, we sim-
ulated therapeutically relevant doses of DOX, which are known to 
lead to cardiotoxicity under clinical conditions. The resulting in-
tracellular, extracellular, and total heart concentrations for these 
dosing scenarios corresponded to the ALTERNATIVE in vitro 
PoDs. This proof-of-concept study shows that in vitro derived con-
centration-response data can inform human dosimetry through the 
use of a PBK modelling approach. Our PBK model will be used in 
upcoming studies to simulate cardiac exposure to environmental 
chemicals tested in the ALTERNATIVE platform.
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Limitations to the developmental neurotoxicity (DNT) test are well 
known, including high variability, low reproducibility, and limited 
historical control data. Neuropathological and neurobehavioral as-
sessments in the DNT guideline are challenging due to methodol-
ogy, lack of mechanistic understanding, and the high level of ex-
pertise required to conduct these assessments. The DNT in vitro 
battery (IVB) is an alternative testing strategy that is mechanisti-
cally informed and deemed ready for use in the regulatory arena. 
This case study investigates the utility of the DNT IVB to fill data 
gaps from an existing in vivo DNT study to refine toxicity endpoint 
selection for regulatory risk assessment. Acibenzolar-S-meth-
yl was tested in the DNT IVB, and data were analyzed using the 
US EPA ToxCast Pipeline. Outcomes were examined in terms of 

has been linked to the development and severity of CVD. The 
EU-Horizon 2020 ALTERNATIVE project aims to develop an 
animal-free test platform for improved regulatory cardiotoxici-
ty assessment of chemicals. Systematic reviews (SRs) can pro-
vide a foundation for regulatory action and for the development 
of such non-animal methods by transparent and robust mapping 
of the available toxicological evidence and knowledge gaps. Fur-
thermore, SRs can provide fundamental support for the develop-
ment of alternative test methods that can efficiently assess chemi-
cal safety. The current toxicological SR therefore aims to charac-
terize pollutant-induced cardiotoxicity while supporting regulation 
with a transparent and actionable overview of current knowledge 
and concerns. Using the NTP Health Assessment and Translation 
(HAT) approach for conducting toxicological SRs, we selected 360 
references with in vitro (17%), in vivo (67%), and combined (16%) 
study setups for 129 potential cardiotoxic environmental chemi-
cals, including heavy metals (29%), air pollutants (16%), pesti-
cides (27%), and other chemicals (28%). Evidence maps and inter-
active knowledge graphs illustrate evidence streams, cardiotoxic 
effects and associated quality of evidence for chemicals, helping 
researchers and regulators to efficiently identify chemicals of in-
terest. These results demonstrate toxicological evidence for pollut-
ant-induced cardiotoxicity and highlight the importance of updat-
ing regulatory frameworks for human cardiotoxicity assessment. 
Furthermore, this SR substantiates the need for adequate chemi-
cal cardiotoxicity characterization and supports the development 
of the animal-free ALTERNATIVE test platform.
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Development of a physiologically-
based kinetic model as part of  
a new approach methodology for 
non-animal cardiotoxicity testing
Tom Roos1, Zhicheng Zhang1, Ilaria Gisone2, Federico 
Vozzi2, Alessandra Roncaglioni3, Edoardo Luca 
Viganò3, Rick Greupink4 and Ronette Gehring1 
1Department of Population Health Sciences, Institute for Risk Assessment 
Sciences (IRAS), Faculty of Veterinary Medicine, Utrecht University, 
Utrecht, The Netherlands; 2Institute of Clinical Physiology of the National 
Research Council (CNR-IFC), Pisa, Italy; 3Laboratory of Environmental 
Chemistry and Toxicology, Istituto di Ricerche Farmacologiche Mario 
Negri IRCCS, Milan, Italy; 4Department of Pharmacology and Toxicology, 
Radboud Institute for Health Sciences, Radboud University Medical Center, 
Nijmegen, The Netherlands 

t.s.roos@uu.nl 

The European Horizon 2020 ALTERNATIVE Project aims to de-
velop an animal-free testing platform for assessing the cardiotox-
ic potential of environmental chemicals via a 3D cultured hiPSC- 
based microphysiological human heart model. By using physi-
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ditions). Housing-stressed subjects can also generate different 
findings, questioning these altered results’ relevance to humans, 
and suggesting that housing refinements would promote translat-
able science as well as improved animal welfare.
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An adverse outcome pathway 
for histone deacetylase inhibition 
leading to axial skeletal defects: 
Development and potential  
to improve decision support in 
chemical safety assessment
Takashi Yamada1, Naruo Katsutani1, Akihiko Hirose1, 
Emma Hill2, Adrian Fowkes2, Susanne Stalford2 and 
Alun Myden2 

1National Institute of Health Sciences, Japan; 2Lhasa Limited, United 
Kingdom 

t-yamada@nihs.go.jp 

Developmental and reproductive toxicity (DART) is an endpoint 
of regulatory significance. Application of adverse outcome path-
ways (AOPs) supports alternative testing approaches to safety as-
sessments. The practical uses of AOPs include: 1) review of all rel-
evant data for a specific compound, 2) prioritisation of assay selec-
tion given mechanistic hypotheses, and 3) broaden understanding 
of toxicity potential of a new substance through the review of data 
for similar compounds. Here we illustrate development of a new 
DART AOP, and its application in regulatory decision support. A 
new DART database, constructed based on studies according to 
the relevant guidelines (OECD TG422/TG421) under the Japan 
Chemical Substances Control Law, was curated and analyzed. A 
target was selected from the analysis and an AOP was construct-
ed which focused on describing the main evidence that indicated a 
causal relationship between a target and an adverse outcome. The 
developed AOP, starting with histone deacetylase (HDAC) inhibi-
tion as the molecular initiating event, involves key events in three 
pathways (impairments in gastrulation/chondrogenesis/osteogene-
sis) leading to axial skeletal defects as the adverse outcome. The 
mechanism is well supported by observations from both knock-
out studies and toxicological studies involving structurally diverse 
HDAC inhibitors. Using valproic acid (and its analog) and a sta-
tin derivative as examples, the three regulatory applications of the 
AOP were successfully performed. Our work demonstrates how 
new AOPs and assay data associated to their key event can contrib-
ute to a comprehensive DART evaluation strategy.
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consistency of evidence between assays assessing the same neuro-
developmental endpoint and with known biological relationships. 
Results of the battery were compared to in vivo results using an 
Integrated Approaches to Testing and Assessment framework. Ex-
amination of outcomes across the DNT IVB revealed that aciben-
zolar-S-methyl does not interact with fundamental neurodevelop-
mental processes in vitro, such as proliferation, migration, apopto-
sis, differentiation, neurite maturation, synaptogenesis, and neural 
network connectivity. Integration of findings from the DNT IVB 
with in vivo data demonstrated no biological plausibility of a de-
velopmental neurotoxic mode of action as originally speculated 
from the in vivo results. This case study highlights the applicabil-
ity of the DNT IVB in addressing data deficiencies and regulatory 
concerns of a DNT hazard without the need to conduct further ver-
tebrate testing.
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Does good welfare make  
good science? How rodent housing 
impacts research results
Jessica Cait and Georgia J. Mason 
University of Guelph, Canada 

caitj@uoguelph.ca 

Over 120 million research rodents are used annually, most 
housed in small, barren “shoeboxes”. Researchers’ fears of al-
tered results are one obstacle to improving these conditions. 
Yet if results do fail to generalise, this could help explain why 
even replicable studies (which comprise under 50% of publi-
cations) often fail to translate to humans. We hypothesized that 
the stressful nature of rodent housing reduces both data replica-
bility and translatability, by generating animals that differ bio-
logically between laboratories, and are too abnormal to model 
most humans. Our previous work demonstrated that compared 
to larger, more complex cages, conventional cages increase ro-
dent susceptibility to stress-sensitive disease and reduces their 
lifespans. Here, we build on this by testing the critical predic-
tion that statistical interactions between housing conditions and 
“disease modifiers” being studied (e.g., therapeutic drugs, sex or 
age) qualitatively alter results. We tested this via a systematic re-
view and meta-analysis of studies examining effects of disease 
modifiers on stress-sensitive disease outcomes, in convention-
al cages and larger, well-resourced ones (n = 64). In two-thirds 
of these, housing and disease modifiers did not interact. Refin-
ing housing would thus not change research results in these cas-
es. Interactions did occur in the remaining third of studies: here, 
rodent housing did change results. Housing can thus influence 
replicability (emphasising the importance of reporting cage con-
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Building a sustainable compassion 
science program across  
multiple countries and cultures
Judy Murray, Patricia V. Turner, Carly O’Malley  
and Rachel Beall 
Charles River Laboratories, United States 

judy.murray@crl.com 

Multiple studies looking at the role of compassion fatigue and 
mental wellbeing in Lab Animal Professional have identified ways 
to address compassion stress and fatigue by developing strategies 
that support building resiliency and increasing compassion satis-
faction. Developing sustainable programs that address individu-
al employees’ needs, respect site culture, and have the capcity to 
grow overtime is key to supporting an emotionally engaged work-
place. To address the effects of compassion stress and fatigue and 
increase resiliency in a sustainable way, we developed and imple-
mented a corporate program to meet the needs of personnel across 
multiple sites and geographies. We have utilized multi-tiered sys-
tems of supports to build collaborative relationships with manage-
ment and those implementing the program locally. This includes 
ongoing communication efforts to raise the visibility of the pro-
gram, training for management, supervisors, team leaders, and  
> 9000 of those working in the vivarium caring for the animals, 
webinars, newsletter articles, posters, and more. To build the pro-
gram at the site level, we have more than 90 local Resiliency 
Building Ambassadors (RBAs) at 31 sites in the US, Canada, and 
EU. We are seeing continued interest in training opportunities and 
efforts to help support employee well-being across business units, 
geographic regions, and cultures. Through firsthand experiences, 
feedback from internal surveys of Frontline Leaders, RBAs, and 
employees that work with animals, participants will learn from the 
many challenges we have encountered and the valuable lessons we 
have learned throughout this process that can inform efforts to im-
plement Compassion Science programs at their facilities.
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Building trust in new 
approach methodologies 
via the RE-Place project
Mieke Van Mulders1,2, Maude Everaert1,2, Vera 
Rogiers2 and Birgit Mertens1 
1Sciensano, Belgium; 2Vrije Universiteit Brussel (VUB), Belgium 

mieke.vanmulders@sciensano.be 

Even though most New Approach Methodologies (NAM) are very 
promising, their actual implementation, especially for regulato-
ry applications, is lagging behind. Biomedical research is focused 
on the development, optimization and practical application of new 
methods and models, rather than fine-tuning protocols for future 
validation. Research groups may work in parallel, resulting in 
(slightly) different methods and models and thus leading to a lack 
of standardization, further hampering the regulatory acceptance. 

In Belgium, the RE-Place project aims to tackle this challenge 
with a bottom-up strategy focused on promoting the use of NAMs 
and bridging the gap between method developers and their users. 
The major objective of this project is to map all available knowl-
edge on NAMs in one central database. This open access database, 
available via www.RE-Place.be, provides an up-to-date overview 
of the different NAMs including the names of the experts using 
them in Belgium. By providing a direct point of contact, network-
ing activities are greatly facilitated, especially between different 
stakeholders (scientists, ethical committees, regulators, …). 

Almost 6 years after its launch in 2017, the database contains 
now more than 200 methods coming from various scientific areas. 
Convincing scientists to collaborate, remains the main challenge. 
Several concrete incentives for scientists to contribute were creat-
ed (including poster awards and publications), but one of the most 
crucial elements was, and is, building trust by setting-up person-
al meetings. Trust is indeed, besides training and transferability, a 
key element which will help to exploit the full potential of NAMs 
and the RE-Place project.
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Development of a new reconstituted 
human airway model  
to assess inhalation toxicity
Seolyeong Kim 
Biosolution Co. Ltd, South Korea 

tjfud2735@biosolutions.co.kr 

In 2011, polyhexamethylene guanidine phosphate (PHMG) was 
used as a disinfectant to prevent growth of microorganisms in hu-
midifiers. However, exposure to PHMG was suspected as a caus-
ative agent of lung disease in Korea. Thus, determining the toxici-
ty potential of compounds is of importance for health safety. Cur-
rently, there are no adequate predictive in vitro models available. 
Therefore, this study developed a novel in vitro three-dimensional 
human airway model (HAM model) to predict toxicity as an alter-
native to animal testing. Two of microbicides were treated to HAM 
model, and after three-hour incubation, the tissues were washed 
with DPBS. Test chemicals were removed, and values of cell via-
bility, cytokine through ELISA and TEER were measured. By the 
results, we could predict that PHMG and bleomycin possessed irri-
tant potential on the human airway model. Therefore, HAM model 
can be used as a good alternative test method for assessing toxicity 
of chemicals.
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A pilot study predicting animal-to- 
human translation using  
qualitative comparative analysis
Cathalijn Leenaars1, Steven Teerenstra2, Franck 
Meijboom3 and André Bleich1 
1Hannover Medical School, Germany; 2RadboudUMC, The Netherlands; 
3Utrecht University, The Netherlands 

Leenaars.Cathalijn@mh-hannover.de 

Background: Drug development is hindered by high attrition rates; 
promising candidate drugs fail in clinical trials. Attrition may result 
from low animal-to-human translation. Our previous study shows 
translational success rates ranging from 0% to 100%. That study 
could not predict translational success from individual factors. 

Aim: Testing interactions between factors using two approach-
es: Qualitative comparative analysis (QCA) and regression analy-
sis (RGA). 

Approach: With RGA it is challenging to analyse multiple in-
teractions and specific configurations (≈ combinations) of predic-
tors, which is improved with QCA; an approach based on set the-
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Non-animal antibodies in  
new approach  
methodologies implementation
Lorena Neves1,2,3, Octavio Presgrave3,4 and  
Cristiane Caldeira3,4 
1Postgraduate Program in Translational Biomedicine, University of Grande 
Rio, Rio de Janeiro, Brazil; 2Biology Coordination, Directory of Scientific 
Metrology and Technology (DIMCI), National Institute of Metrology, 
Technology and Innovation (INMETRO), Rio de Janeiro, Brazil; 
3Institute of Science and Technology in Biomodels (ICTB), Oswaldo Cruz 
Foundation (FIOCRUZ), Rio de Janeiro, Brazil; 4Brazilian Center for 
Validation of Alternative Methods (BraCVAM), Oswaldo Cruz Foundation 
(FIOCRUZ), Rio de Janeiro, Brazil 

lorenaneves.bio@gmail.com 

Strategies for generating non-animal-derived antibodies have been 
heavily explored in recent years, but they still deserve to be more 
widespread, evidencing their biomolecular relevance. Knowledge 
of the genomic sequence of non-animal antibodies or recombinant 
monoclonal antibodies (rMAb) provides a unique, versatile, sus-
tainable, and renewable identifier, with the production of uniform 
batches in sufficient quantities to meet large demands and improve 
experimental reproducibility. Therefore, we seek to update the sci-
entific community on the options, application possibilities and 
sources of supply of non-animal-derived antibodies worldwide to 
encourage their application, production, funding and ethical re-
view. Despite advances in New Approach Methodologies (NAMs) 
for laboratory tests, many studies have not yet abolished the use of 
animal products, as is the case in the production of antibodies. As a 
scope review, a synthesis of the studies was conducted following a 
systematic approach to map the evidence on the subject and identi-
fy the main concepts, theories, sources, and knowledge gaps relat-
ed to the use of rMAb. In this study, studies describing the use of 
rMAbs produced from hybridomas were carefully analyzed. Fre-
quent systematic reviews on this subject are essential to support 
the development and adaptation of animal-free NAMs with the in-
clusion of rMAbs. Incentives and investments for the production 
of animal-free antibodies need to be motivated to warm up this in-
novative and economically favorable expanding market.
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cess rates was performed for three fields: neuroscience, cancer, 
other pharmacology. 

Findings: Fields with the highest clinical trial success rates 
were: disorders of lipoprotein metabolism (86.0%) and epilepsy 
(85.0%). Fields with the lowest clinical trial success rates were: 
schizophrenia (45.4%) and pancreatic cancer (46.0%). From the 
117 review papers included into our scoping review, we deduced 
comparable translational success rates between the fields of phar-
macology (72%), neuroscience (62%) and cancer research (69%). 

Conclusion: Our analyses suggest relevant differences in suc-
cess rates between medical research fields. Based on the clinical 
trials, comparisons of practice between, e.g., epilepsy and schizo-
phrenia might identify factors which could influence translational 
success. Ideas on further studies of differences in research practice 
between the research fields, aiming to improve translational suc-
cess, will be discussed.
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GARD™: A study to investigate  
the applicability domain  
for agrochemical formulations
Marco Corvaro1, Joseph Henriquez2, Raja Settivari3, 
Ulrika Mattson4, Andy Forreryd4, Robin Gradin4, 
Henrik Johansson4 and Sean Gehen2 
1Corteva Agriscience Italia, Rome, Italy; 2Corteva Agriscience, 
Indianapolis, IN, United States; 3Corteva Agriscience, Newark, DE, United 
States; 4SenzaGen AB, Lund, Sweden 

marco.corvaro@corteva.com 

The Genomic Allergen Rapid Detection (GARD™) is a genom-
ic-based assay platform, which addresses Key Event 3 (dendritic 
cell activation) of the skin sensitization Adverse Outcome Path-
way. The purpose of this work is to verify the applicability domain 
of GARDskin and GARDpotency, for the product class of agro-
chemical formulations, providing confidence and facilitating fu-
ture regulatory uptake in our industry sector. 

Forty-two agrochemical formulations were tested using 
GARDskin. When GARDskin was positive, GARDpotency as-
say was used to determine potency (GHS category). The select-
ed formulations were mostly liquids (15 water-based, 15 organic 
solvent-based; 12 solid) with a balanced distribution (23 not clas-
sified; 18 GHS cat 1B; 1 GHS cat 1A, rare for agrochemical for-
mulations). Tests were conducted according to the assay developer 
Standard Operating Procedures and a nominal average molecular 
weight. GARD results were compared with already available in  
vivo data, in order to verify concordance (GHS hazard and potency 
categories). Initial results for the first 38 formulations, GARDskin 
was able to correctly identify 15/21 not classified (true negatives) 

ory and Boolean algebra. We reanalysed our preceding review da-
ta with a pilot QCA and compared it with RGA. The following 
definitions were used: old: ≤ 1999; large: n ≥ 75, successful trans-
lation: > 85% correspondence. Included studies assessed one or 
multiple animal species, at either event/study or intervention level, 
and they defined translation quantitatively or qualitatively. 

Results: This pilot QCA resulted in a preliminary formula for 
successful translation: 

~Old*~Intervention*~Large*MultSpec*Quantitative 
As ~ means not, the formula means that the combination of rela-
tive novelty, analyses of n < 75 at event or study level of multiple 
species with quantitative definitions resulted in successful transla-
tion. A separate QCA for translational failure will be shown in the 
presentation. When we analysed the same data with an RGA, none 
of the included factors showed significant contributions. 

Conclusion: Because these data were not collected with a QCA 
in mind, the results should be interpreted with caution. We do 
however convincingly show that the QCA approach is viable in 
this context.
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Quantifying animal-to-human 
translation and comparing them  
across medical fields
Cathalijn Leenaars1, Gwen Van de Wall2, Joy 
Timmermans3, Astrid Van Hattem2, Merel Ritskes-
Hoitinga4 and André Bleich1 

1Hannover Medical School, Germany; 2RadboudUMC, The Netherlands; 
3PXL University of Applied Sciences and Arts, Hasselt, Belgium; 4Utrecht 
University, Aarhus University, The Netherlands 

Leenaars.Cathalijn@mh-hannover.de 

Background: Results from successful preclinical developmen-
tal experiments can often not be reproduced in clinical tests. This 
may partially be explained by poor animal-to-human translation. 
If quantitative translational success rates would vary substantial-
ly between medical research fields, detailed analyses of common 
practices in these fields can aid in the identification of factors con-
tributing to successful translation. 

Aim: Assessing translational success rates in various medical re-
search fields using two methods. 

Approach 1: Successful results from phase-2 clinical trials, re-
trieved from the WHO trial register, were used as a proxy (i.e., 
an indirect measure) for translational success. Trials were catego-
rized according to the international classification of disease (ICD-
10) to allow for comparisons between fields. 

Approach 2: A scoping review of published translational suc-
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logical assessment and efficacy against sensitization effect, and 
for the evaluation of photosensitization effect of these substances.
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High-throughput toxicity screening  
and transcriptomic analysis in 
embryonic zebrafish as a NAM for  
PFAS assessment
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John Stead3, Ella Atlas4, Jan Mennigen1, Carole Yauk1 
and Jason O’Brien5 
1Department of Biology, University of Ottawa, Ottawa, ON, Canada; 
2Oncogenomics Laboratory, National Institute of Genomic Medicine, 
Mexico City, Mexico; 3Department of Neuroscience, Carleton University, 
Ottawa, ON, Canada; 4Hazard Identification Division, Environmental 
Health Science and Research Bureau, Health Canada, Ottawa, ON, Canada; 
5Ecotoxicology and Wildlife Health Division, Environment and Climate 
Change Canada, Ottawa, ON, Canada 

hlee3@uottawa.ca 

Per- and poly-fluoroalkyl substances (PFAS) are artificial chem-
icals that have been used in diverse industrial applications and 
commercial products. Although some PFAS have been phased out 
due to their adverse toxicological effects, over 9000 PFAS have 
been identified in humans and the environment. Given the globally 
expanding use of PFAS, new approach methodologies (NAMs) are 
needed to rapidly identify their potential for toxicity. Embryonic 
zebrafish less than 5 days post-fertilization (dpf) are an emerging 
3Rs-compliant model that enables evaluation of systemic effects 
encompassing critical developmental stages. We are establishing 
this model in combination with advanced omics technologies to 
assess the toxicity of PFAS. Transcriptomic profiles on groups of 
untreated zebrafish were produced using S+1500 TempO-seq anal-
ysis to identify the optimal embryo pool size and conduct a pow-
er analysis. Zebrafish embryos staged 3-4 hours post fertilization 
were exposed to eight PFAS of differing chain lengths (i.e., PFDA, 
PFDS, PFOA, PFOS, PFHxA, PFHxS, PFBS, and PFBA), until 
5 dpf. We evaluated developmental toxicity, behavioral changes, 
metabolic activity, and transcriptomic changes. Dose-response 
modeling of phenotypic and transcriptomic changes was per-
formed with BMDExpress v2.3. The potency of the PFAS on the 
embryos was PFDA > PFDS > PFOS > PFHxS ≈ PFOA ≈ PFHxA 
> PFBS ≈ PFBA. These results are consistent with expectations 
based on chain length, supporting the suitability of our model and 
study design. Moving forward, this NAM will be used to establish 
points of departure for use for ecological and human hazard as-
sessment.
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and 14/17 GHS1B/1A (true positives), with 3 false negative and 
6 false positives. The accuracy, sensitivity, and specificity were 
76.3% (29/38), 82.4% (14/17), 69.2% (9/13). GARDskin mispre-
dictions were associated with borderline in vivo outcomes, and ge-
nomic signatures were assessed for causal relationships. Addition-
ally, GARDpotency was able to correctly identify 9 GHS cat 1B 
out of 12 correctly predicted sensitizer (1 underprediction and 2 
overprediction occurred). 

In conclusion, GARDskin and GARDpotency, showed a satis-
factory performance in this initial proof of concept.
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Skin sensitization and photo-
sensitization evaluation through 
LC-MS/MS, HRMS and 3D 
reconstructed tissue approaches: 
An integrative evaluation strategy 
addressing the mixtures challenge
Eric Andres 
Oroxcell, France 

eric.andres@oroxcell.com 

Sensitization evaluation is an essential part of the safety assess-
ment in the industry and to comply with the current ban of in vi-
vo assays for the evaluation of cosmetics raw materials in Europe, 
several in vitro assays were developed for the evaluation of these 
substances without the use of animals. 

In parallel, the skin sensitization process was conceptualized 
as an Adverse Outcome Pathway (AOP) based on four key events 
(KE), and the existing validated assays were linked to specific KE 
of the AOP through defined Integrated Approaches to Testing and 
Assessment (IATAs). 

However, these tests were developed for simple substances 
evaluation and not for substances difficult to test such as lipophil-
ic substances requiring the use of organic solvents, or complex 
mixtures such as botanical extracts. Although possible, the test-
ing was shown to be difficult mainly due to solubilization issues, 
to interference related to cytotoxic effects from the organic solvent 
or from a component of the mixture, or to the unavailability of the 
mixture composition. 

We discuss here the limits of the tests described in the standard 
guidelines, together with the options developed at Oroxcell to ad-
dress these issues, both by setting up innovative mixture charac-
terization methods, by the development of new assays and by the 
adaptation of existing tests to substances difficult to test. Our in-
tegrative approach considerably extends the field of application of 
the assays towards complex substances and mixtures for toxico-
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Developing a triculture in vitro 
human gut model to  
evaluate methods for micro and 
nano plastics toxicity testing
Ana Barrios, Robert Gutierrez, Alessandro Tona,  
John Elliott and Elijah Petersen 
NIST, United States 

elijah.petersen@nist.gov 

Micro and nano plastics (MNPs) are contaminants of increasing 
ecotoxicological concern in aquatic environments, as well as for 
human health. However, data regarding the risks of MNPs to hu-
mans are still limited and is needed for improved hazard assess-
ment. Reliable methods are needed to evaluate the potential inter-
actions between MNPs and the human intestinal barrier after in-
gestion. These measurements can be done using in vitro models. 
In this study, a 90/10 Caco-2/HT-29 and Raji-B co-culture system 
was set up using differentiated cells to mimic the human intesti-
nal epithelium. Confocal laser microscopy was used to character-
ize the model after 21 days of co-culture. Furthermore, the in vitro 
model was exposed to polystyrene MNPs for 48 h to evaluate para-
cellular transport, trans-epithelial electrical resistance (TEER), 
and cell viability. MNPs were characterized using dynamic light 
scattering (DLS), field-flow fractionation, zeta-potential, and fluo-
rescence lifetime imaging microscopy (FLIM). Each endpoint was 
evaluated to determine control measurements suitable for MNPs 
toxicity testing.
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Incorporating GIVIMP 
recommendations into method 
development, use, and transfer
Amanda Ulrey 
Institute for In Vitro Sciences, Inc., United States 

aulrey@iivs.org 

The demand for toxicology data from human relevant, New Ap-
proach Methodologies (NAMs) continues to increase. Fortunate-
ly, the scientific community has responded with new tools based 
on human tissues and cells. The creators of these systems and test 
methods utilizing them have invested in their development and al-
so in studies designed to demonstrate their relevance, reproduc-
ibility and transferability. Despite these efforts, scientific confi-
dence in these methods at the regulatory level remains compara-
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Use of the in vitro monocyte-
activation test (MAT)  
for vaccine products that are 
inherently pyrogenic
Kathryn Matthews, Meaghan Fowler, Maxime Hallé 
and Seeven Vydelingum 
Microbiology and Virology Platform, Analytical Sciences (Toronto), Sanofi, 
Canada 

kathryn.matthews@sanofi.com 

To ensure safety and to meet regulatory requirements, vaccine 
manufacturers must demonstrate that their products contain ac-
ceptable levels of pyrogens. Pyrogens, both endotoxin and non-en-
dotoxins, are currently detected using rabbits inoculated with 
products in the “Rabbit Pyrogen Test” (RPT). To reduce or elim-
inate the use of these animals, Sanofi Vaccines has developed and 
qualified the Monocyte-Activation Test (MAT) for testing drug 
products for pyrogenicity. The MAT is an in vitro assay that detects 
the presence of pyrogens in a sample by incubating it with human 
monocytes. If pyrogens are present, the monocytes will be stimu-
lated to produce cytokines. The measurement of cytokine response 
(in this case, IL-6) from a sample is compared to that of controls 
and used as a readout to assess the pyrogen content. The European 
Pharmacopoeia currently endorses three MAT Methods (A, B and 
C). Amongst these, Method C, comparing the response induced by 
a test lot with that of a reference lot, was identified as the most suit-
able for the testing of inherently pyrogenic products. Here, we re-
port on the development and qualification of the MAT for one of 
Sanofi’s products. In this context, specificity (including the detec-
tion of endotoxin and non-endotoxin pyrogen spikes), precision, 
and linearity were assessed. Following these evaluations, the as-
say was determined to be suitable for use. Implementing the MAT 
will allow for the monitoring for safety and consistency without 
the use of rabbits, which is in line the company’s adherence to the 
3Rs principle.
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on the expression of human tau containing mutations associated 
with frontotemporal dementia, reducing their clinical relevance 
and translatability. Non-human primate and canine models are 
cost-prohibitive, rarely form neurofibrillary tangles, and raise eth-
ical concerns. More human-centered research includes brain-on-
chip, organoids, epidemiological studies, and omics. However, 
these are not developed/validated enough due to limited funding. 
The adoption of an integrative approach where those developing/
validating human-based, non-animal models, partner with animal 
researchers is recommended to better understand the knowledge 
and infrastructure gaps that exist in phasing out animal models in 
AD research.
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Analysis of pyrogen  
contamination using assay-ready 
THP-1 derived macrophages
Adrian Dittberner, Lukas Focke, Karen Hinsch and 
Oliver Wehmeier 
acCELLerate GmbH, Germany 

lukas@accellerate.me 

Testing for pyrogen contamination is one of the most critical QC 
assay for revealing regulatory approval since this type of contam-
ination can cause severe reactions in the human body even on low 
concentrations. Therefor highly sensitive assays are needed to pre-
dict the pyrogen potential of a product. Commonly the rabbit py-
rogen test is used to determine the risk potential but recently cell-
based assay have also been accepted as alternative by pharmaco-
poeia, such as the MAT Assay. The monocyte activation test is 
capable of measuring the amount of pyrogen found in those prod-
ucts, it is therefore an efficient alternative to the undesirable rabbit 
pyrogen test. 

We have tested THP-1 derived macrophages which were cryo-
preserved as assay ready cells, meaning prior cultivation is not 
necessary, these prequalified assay ready cells are more precise 
than a continuous culture due to lack of variances from cell han-
dling and passaging. The Assay Ready Cells function like a re-
agent in the monocyte activation test and were neither less sen-
sitive, nor did they display a higher sensitivity when treated with 
endotoxins and non-endotoxin pyrogens compared to cells from a 
continuous culture.

Presentation: Poster

tively low. In order to bridge the gap between development and 
acceptance, industry best quality practices need to be embraced by 
all stakeholders as early as possible in development and contin-
ue throughout the life cycle of a test method. The Good In Vitro 
Method Practices guidance document was published by the OECD 
in 2018 with an aim to “improve the reliability and robustness of 
in vitro methods, reducing the uncertainties of in vitro based pre-
dictions and therefore increasing the acceptance of the in vitro es-
timated safety measures by regulatory agencies” (OECD, 2018). 
The magnitude of the information presented in GIVIMP has led to 
challenges in its uptake and use by the in vitro testing communi-
ty. This presentation provides points to consider for method devel-
opers and users, and test system providers implementing GIVIMP 
guidance within their laboratories as one step to improving scien-
tific confidence in NAMs. Incorporating GIVIMP standards into 
standard laboratory procedures will improve the transparency and 
reproducibility of the methods developed and performed there, and 
increase the confidence of validation bodies, receiving authorities, 
and industry in NAMs.
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An integrative approach to  
develop NAMs for use  
in Alzheimer’s disease research
Shaarika Sarasija 
Humane Society International/Canada, Canada 

ssarasija@hsi.org 

Alzheimer’s disease (AD) is the most common form of dementia. 
The etiology of AD remains elusive, limiting therapeutic interven-
tions to symptom management. For the last three decades, animal 
models have been used to elucidate the pathogenesis of AD and to 
test potential therapeutics. However, 99% of drugs that worked in 
animal models during the pre-clinical phases have failed in clini-
cal trials. Therefore, it is critical to better understand the reasons 
for failure of animal models, the reticence observed in the adoption 
of NAMs, and barriers to designing more effective, human-rele-
vant AD models. Interviews with AD researchers and literature re-
view were used to understand the issues at play and delineate a 
path forward. The commonly used mouse models of AD require 
expression of chimeric and/or mutant human genes for AD patho-
genesis. Most mouse models carry Familial AD mutations which 
account for less than 5% of all AD cases. Neurofibrillary tangles, 
commonly observed in AD patients, only develop in AD mice up-
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A standardized score sheet template 
for assessing rodent health
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Jansson3, Ebba Jennolf 3 and Erika Roman4,5,6 
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University of Agricultural Sciences, Uppsala, Sweden; 3Swedish 3Rs 
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of Anatomy, Physiology and Biochemistry, Swedish University of 
Agricultural Sciences, Uppsala, Sweden; 6Department of Pharmaceutical 
Biosciences, Uppsala University, Uppsala, Sweden  

ebba.jennolf@jordbruksverket.se 

Score sheets formalize and standardize the assessment of welfare 
and make it possible to record the impacts of scientific procedures. 
The Swedish National Committee for the Protection of Animals 
used for Scientific Purposes and its group of experts has worked 
out a score sheet template for assessment of rodent health. The 
template is based on existing score sheets and further developed 
with advice from veterinarians from Swedish research institutions. 
The score sheet was published by the Swedish 3Rs Center for the 
purpose of national standardization. 

The template can be used to assess animals’ health before, 
during and after a study to estimate if the animals’ health has de-
teriorated, as well as to decide if the humane endpoint is reached. 
It can be used by the principal investigator to set the humane end-
point in a study. The template lists several categories of factors 
to assess, including general condition, condition of the fur, skin 
and teeth and breathing. Each parameter is scored 0: no change, 
1: slight change or 4: substantial change from normal. If the crite-
ria for the humane endpoint is reached, the experiment should be 
stopped and the animal treated or euthanized, regardless of wheth-
er the purpose of the study has been achieved or not. Our template 
has been shared nationally and several facilities have started to use 
it to assess the health of their rodents.
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Effects of different home  
cage enrichment on  
group housed male mice
Jennifer Davies, Michael Mendl and Emma Robinson 
Bristol University, United Kingdom 

jd16203@bristol.ac.uk 

It is widely recommended to group-house male mice because they 
are “social animals”, but mature male mice do not naturally share 
territories and aggression can be a serious welfare problem. These 
territorial, fighting behaviours may be exacerbated in current hous-
ing conditions which can create significant welfare costs and cu-
mulative suffering. 

Here we assess whether changes in enrichment methods within 
a standard caging system can reduce the competition for resourc-
es and reduce aggressive social interactions. We used 3 C57/BL6 
mice per cage, housed from 6 weeks old in standard size cages 
with a) no enrichment except nesting material, b) standard enrich-
ment- single cardboard nest box, nesting material, chew block  
c) premium housing- two nesting areas, cardboard tube, chew 
block. We studied how these different forms of environmental en-
richment affect measures of animal welfare including home-cage 
behaviour, reward and novelty induced neophagia. 

Results show a lack of enrichment significantly increased anxi-
ety in novelty suppressed feeding and there was an increased ten-
dency towards fighting. In the premium housing there was a ten-
dency for less fighting. However, considerably more premium 
enrichment groups were lost due to reaching endpoint from the 
severity of fighting. Our results highlight the difficulty in making 
general recommendations for enrichment strategies with both no 
enrichment and premium enrichment having potential welfare is-
sues. Experiments of this nature would benefit from a considerable 
larger n number with observational data at an institutional level.
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Guidance for reviewing projects  
involving the use  
of the forced swim test
Kimberley Jayne1, Emily R. Trunnell2, Julia Baines1, 
Constança Carvalho3, Kathrin Herrmann4 and Gilly 
Stoddart1 
1People for the Ethical Treatment of Animals UK, United Kingdom; 
2People for the Ethical Treatment of Animals US, United States; 3ISPA, 
Instituto Universitário, Portugal; 4Center for Alternatives to Animal Testing 
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The forced swim test (FST) was once among the most widely used 
tests for screening antidepressant drugs, and it is also used in an at-
tempt to model human depression in animals. Now, universities, 
pharmaceutical companies, and regulators around the world are 
discouraging use of this procedure because of increasing evidence 
that it is a poor model of depression, is unreliable at predicting an-
tidepressant efficacy, and could even hinder the development of 
effective new treatments. A literature review of articles published 
in the UK and EU in 2022 assessed the scientific rationale provid-
ed for using the FST and any commentary included on the ethical 
approval of the procedure. The review identified 49 publications 
that used the procedure – 47 of them in the context of depression 
research. To publish research using animals, a project may under-
go review at several stages, including by funders, local and na-
tional committees, and journals. Aspects reviewed may include a 
project’s scientific quality, adherence to the 3Rs, and whether the 
harms caused to animals can be considered justified by the scien-
tific gains of the project. A large number of studies continue to be 
approved and published in which the FST is used in an attempt 
to understand or find treatments for human depression. We sum-
marise the scientific and welfare concerns of the FST, make rec-
ommendations to support those involved in the project review and 
authorisation process, and provide valuable information about the 
procedure for funders and journals.
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Swedish acclimatization guidelines  
for rats and mice
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Acclimatization after transport is commonly used to reduce stress 
after, e.g., transport to a new facility, and required in the Direc-
tive 2010/63/EU. However, details on how to acclimatize animals 
are not provided and there is a need for harmonized guidelines to 
improve scientific comparison. As a first step towards formulating 
guidelines for acclimatization of rats and mice, the Swedish 3Rs 
Center, together with veterinary students, sent out an anonymous 
survey to Swedish research facilities, investigating how, when and 
for how long they acclimatize their rats and mice. 

Preliminary results indicate large differences among Swedish 
research facilities. Most respondents (91%) answered that rats and 
mice are acclimatized after transportation to the facility. Howev-
er, the acclimatization period ranged anywhere between 3 days 
to 4 weeks, with most respondents indicating 5-7 days or around 
two weeks. The majority (53%) answered that there are written 
instructions for acclimatization within their organization, the rest 
answered no (13%) or do not know (34%). When asked if animals 
are acclimatized after other changes to their daily routines, most 
respondents answered that they do not acclimatize or do not know 
if acclimatization occurs when animals are being moved within 
the facility (75%), experiencing changes to the circadian rhythm 
(80%) or being regrouped (86%). 

The survey shows that guidelines are needed to harmonize ac-
climatization of research animals in Sweden. Together with ex-
perts, we will compile scientific evidence with the survey results, 
to create a guide of best practice on acclimatization of mice and 
rats in experiments.
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Thyroid organoid-on-a-chip batteries 
for screening endocrine disruption
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Exposure to Endocrine Disrupting Chemicals (EDCs) has been 
associated to thyroid malfunctioning in the human body. Despite 
their ever-increasing impact on human health and well-being, the 
identification of EDCs is still challenging due to the lack of rep-
resentative thyroid toxicological assays. New and more advanced 
thyroid models are urgently needed to better mimic the thyroid 
gland and accurately predict EDC responses in vitro. Here, we de-
veloped a microphysiological flow battery capable of screening 
the effects of multiple EDCs on complex 3D thyroid organoids. 
Each microphysiological flow battery was composed of six revers-
ibly sealed bioreactors that allowed quick and efficient (un-)load-
ing of mouse or human embryonic stem cell (ESCs)-derived thy-
roid organoids. Under peristaltic flow, thyroid organoids were ca-
pable of recapitulating the follicular 3D architecture of the native 
thyroid gland with expression of key thyroid genes and with ac-
cumulation of T4 hormone in the luminal space. Finally, the mi-
crophysiological batteries were exposed to sixteen different EDCs 
and molecular changes were evaluated using downstream tran-
scriptomic and proteomic analysis. Upon EDC exposure, thyroid 
follicles revealed changes in gene and protein expression and new 
modes of action were investigated. Altogether, we believe that our 
platform brings valuable insights on the development of next-gen-
eration preclinical toxicological assays to potentially replace or re-
duce the use of animal models in early detection of EDCs.
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Plant extracts, polymers  
and new approach methods: 
Practical experience with  
skin sensitization assessment
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Over the last decade, research into methodologies to identify skin 
sensitization hazards has led to the adoption of several non-animal 
methods as OECD guidelines. However, predictive accuracy be-
yond the chemical domains of the individual validation studies re-
mains largely untested. In the present study, skin sensitization test 
results from in vitro and in chemico methods for 12 plant extracts 
and 15 polymeric materials are reported and compared to available 
in vivo skin sensitization data. Eight plant extracts were tested in 
the DPRA and h-CLAT, with the 2 out of 3 approach resulting in a 
balanced accuracy of 50%. The balanced accuracy for the 11 plant 
extracts assessed in the SENS-IS was 88%. Excluding 5 polymers 
inconclusive in vitro, the remainder, assessed using the 2 out of 3 
approach, resulted in 63% balanced accuracy. The SENS-IS meth-
od, excluding one polymeric material due to technical inapplica-
bility, showed 68% balanced accuracy. Although based on limited 
numbers, the results presented here indicate that some substance 
subgroups may not be in the applicability domains of the method 
used and careful analysis is required before positive or negative re-
sults can be accepted.
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fine the use of regulated mammalian animal species. One such al-
ternative model is the invertebrate Greater wax moth larvae, Galle-
ria mellonella, that has been used as an alternative infection model 
for bacterial and fungi pathogens of humans since the 1980s. There 
are several advantages of using G. mellonella since they can be 
maintained at mammalian body temperature, are cheap and simple 
to manipulate. They also possess several functional homologues of 
components of the innate immune response of mammals. 

We have evaluated G. mellonella as an alternative model to 
study infections caused by potential biothreat pathogens such 
as Francisella tularensis, Burkholderia pseudomallei, Coxiella  
burnetii, Yersinia pestis, Ebola virus and Venezuelan Equine En-
cephalitis virus. We have also evaluated G. mellonella as a mod-
el to determine the toxicity and pharmacokinetic parameters for a 
number of classes of clinically relevant antimicrobials and have 
used this model to assess the efficacy of a panel of novel antimi-
crobials. A range of metrics have been used to monitor infection, 
including survival, bacteriology/virology and imaging techniques. 
These results demonstrate the utility of the G. mellonella as an  
alternative model to replace and reduce the use of mammalian 
models in biodefense research. 

 
© Crown copyright (2023), Dstl.
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of endocrine disrupting chemicals
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With an all-time high of over 2 Mio diagnosed cases, breast can-
cer is the most frequently diagnosed cancer type and one of the 
leading causes of death in women worldwide. The disruption of 
physiological estrogen function by environmental chemicals is one 
of the factors that potentially contribute to breast cancer progres-
sion. Thus, identification of substances that interfere with hormone 
pathways and elicit adverse effects, so-called endocrine disrupting 
chemicals (EDC), is of high relevance. We developed the E-Morph 
Assay (Kornhuber et al., 2021; Klutzny et al., 2022), which quan-
tifies estrogen-dependent phenotypic reorganization of adherens 
junctions in MCF-7/vBOS cells to identify and characterize estro-
genic and anti-estrogenic hormone activities of test chemicals us-
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Fever pitch: Restoring global 
harmonization of  
bacterial endotoxins testing
Jessica Ponder, Elizabeth Baker and Kristie Sullivan 
Physicians Committee for Responsible Medicine, United States 
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Globally, every lot of parenteral drugs, vaccines, and medical devic-
es must be tested for pyrogenic contamination. The most common 
pyrogens, bacterial endotoxins, can be detected in vitro using lysate 
of the hemolymph of the horseshoe crab, an extraordinarily unique 
arthropod with limited coastal habitats. Within its blood, the horse-
shoe crab produces a clotting cascade that is highly sensitive to en-
dotoxins. However, fully functional clotting factors can be produced 
via recombinant protein production, eliminating the need for trau-
matic collection and bleeding of Endangered and Vulnerable spe-
cies to ensure vaccine and biologics batch safety. As part of efforts 
to fully phase out animal use in pyrogenicity testing, a new Europe-
an Pharmacopoeial chapter was approved in 2020. Ph. Eur. Chapter 
2.6.32 covers the use of Recombinant Factor C for Bacterial Endo-
toxins Testing (BET). However, the United States Pharmacopoeia 
(USP) has not yet approved an analogous compendial chapter for 
recombinant methods, citing concerns about data for comparison. 
Two roundtables were convened in 2021 to bring pharmaceutical 
stakeholders, regulatory agencies, and test method developers to-
gether to discuss barriers to the use of recombinant BET methods in 
the US. We found that there was consensus that recombinant Factor 
C methods have been shown to meet performance criteria for ana-
lytical procedures as described by both the International Council for 
Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use (ICH) Q2 and USP <1225>. Most stakeholders agreed 
that a compendial US chapter should be established without delay to 
help restore global harmonization of endotoxins testing.
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Galleria mellonella as an alternative 
model to study biodefense pathogens
Peter Hooton 
Defence Science and Technology Laboratory (Dstl), United Kingdom 

plhooton@dstl.gov.uk 

The 3Rs principle of Russell and Burch in 1959 instigated a search 
for alternative animal models in scientific research. This has be-
come one of the most important goals underpinning research today 
due to ethical, legal, and economic drivers to replace, reduce, or re-
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ty evaluation of novel drug candidates in an early stage of drug 
development. Furthermore, the study aimed to bring forward a 
broader normative framework for the implementation of preclin-
ical models in development and reproductive toxicology studies 
(DART) and make explicit possible normative presuppositions be-
hind the current practice of (the lack of) using animal-free models 
in DART studies.
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Reconstructed human epidermis: 
IVPT to compare topical products
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Interchangeable medicines known as generics refer to drug prod-
ucts that are pharmaceutically equivalent and bioequivalent to in-
novator products. Depending on the country, the evaluation of the 
bioequivalence of topical dermatological products follows dif-
ferent requirements and regulations. In this way, the use of in vi-
tro human skin permeation tests (IVPT) has been of value when 
addressing the quality and equivalence of topical drug products. 
Considering that reconstructed human epidermis (RhE) is a mod-
el validated as skin surrogates for safety tests, the main aim of 
this research was to use SkinEthic RHE/Episkin® by IVPT tech-
nique for the assessment of “sameness” of different terbinafine 
hydrochloride 1% cream. For IVPT test, the inserts with the skin 
were placed in a 12-well plate with 2 mL receptor liquid (LR) 
PBS + Tween 80 0.8% and kept in the incubator under agitation  
(250 rpm) throughout the study (48 hours) at 37 ±1°C, 5% CO2 
and ≥ 90% relative humidity. At each defined time point, 500 µL 
of LR were sampling. ~10 mg of each product was applied to the 
membrane (0.5 cm2). Although the formulations have similar or-
ganoleptic characteristics, pH, content, spread ability and viscosi-
ty, the IVPT results showed a statistically significant difference be-
tween them (unpaired Student t-test, p < 0.05. Flux, permeability 
coefficient and retention in the skin corroborate with IVRT study. 
Despite the RhE models showing to be twice more permeable than 
human skin, these results corroborate the acceptance of RhE as bi-
ological membranes for IVPT in topical products comparison and 
discrimination.
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ing a functional and potentially clinically relevant endpoint. 
In order to expand the E-Morph Assay’s screening capability 

and human-relevance, we up-scaled its high-throughput screening 
(HTS)-testing capacity through further automation and miniaturi-
sation and adapted MCF-7/vBOS cells to defined, serum-free cell 
culture conditions. To further characterize the molecular mode-of-
action underlying the estrogen-dependent phenotypic readout of 
the E-Morph Assay and to identify other hormonal pathways lead-
ing to similar morphological phenotypes, we have screened the 
EU-OPENSCREEN Bioactives Library. Changes in cellular ar-
chitecture upon exposure to the 2,500 reference compounds with 
known bioactivity are currently investigated in detail using the 
CellPainting method.
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Teratogenicity assessment  
of antimalarials early  
in drug development using 
the ReproTracker assay
Amer Jamalpoor1, Claudia Demarta-Gatsi2,3, Sabine 
Hartvelt1, Eirini Tseligka2, Giel Hendriks1 and Belen 
Tornesi2 
1Toxys B.V., The Netherlands; 2Medicines for Malaria Venture (MMV), 
Switzerland; 3Global Health Institute, Merck KGaA, Switzerland 

a.jamalpoor@Toxys.com 

Malaria is a widespread disease affecting millions of people an-
nually, especially pregnant women. Over the past decades, several 
novel antimalarials have been developed. Unfortunately, many of 
these have been shown to be developmental toxicants (teratogenic). 
This highlights the need for continued improvement and develop-
ment of novel antimalarials with a low probability of developmen-
tal toxicity. 

Currently, the assessment of potential developmental toxicants 
relies mainly on mammalian-based models, which do not always re-
capitulate the human condition and are run very late in the drug de-
velopment process. To assess the teratogenic potential of antimalar-
ials and to de-risk these chemicals as early as possible, we selected 
compounds where the data from mammals (embryofetal develop-
mental studies) was already available and tested in the human stem 
cell-based test, ReproTracker. The ReproTracker assay is a state-of-
the-art human induced pluripotent stem cell-based biomarker as-
say that can identify the teratogenic potential of new chemicals with 
high accuracy (86%), sensitivity (86%), and specificity (86%). 

Overall, this comparative study has demonstrated that the Re-
proTracker assay is a valuable tool to improve the in vitro safe-

mailto:brasil@episkin.com
mailto:a.jamalpoor@Toxys.com


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 222

275

Validation of the electrophilic 
allergen screening assay (EASA)
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The electrophilic allergen screening assay (EASA) is an in chemi-
co assay to assess skin sensitization potential. The EASA uses ni-
trobenzenethiol (NBT) or pyridoxylamine (PDA) probes as surro-
gates for thiol- or amine-based proteins to mimic chemical binding 
to proteins, the initial key event in the adverse outcome pathway 
for skin sensitization. Probe depletion is measured by absorbance 
or fluorescence. A test substance is positive when it meets the pos-
itive depletion criterion for either NBT or PDA but negative when 
the depletion fails to meet the positive criterion for both probes. 
The U.S. Consumer Product Safety Commission (CPSC) and the 
National Institute of Standards and Technology (NIST) modified 
the original cuvette-based EASA into a 96-well format. Four lab-
oratories participated in a validation study of the 96-well test: the 
Food and Drug Administration Center for Devices and Radiolog-
ical Health, the U.S. Department of Defense Public Health Cen-
ter-Aberdeen, Burleson Research Technologies, and CPSC/NIST 
(lead laboratory). The laboratories tested 20 coded reference 
chemicals from the OECD performance standards for the direct 
peptide reactivity assay and amino acid derivative reactivity as-
say test methods. Of these, 12 chemicals were tested three times to 
evaluate intralaboratory reproducibility. Performance of the EA-
SA was evaluated by comparison with local lymph node assay out-
comes. The results suggest that the EASA may be a useful non-an-
imal alternative to identify potential skin sensitizers. 

This project was funded by NIEHS under Contract Nos. 
HHSN273201500010C and HHSN27320140017C. The views  
expressed above do not necessarily represent the official  
positions of any federal agency.
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Many sectors have seen a complete replacement of the in vivo rab-
bit eye test with robust in vitro and ex vivo methods to assess the 
eye irritation potential of chemicals. Compared to the traditional 
in vivo rabbit eye irritation test, these methods offer increased re-
producibility and equivalent or greater relevance to mechanisms 
associated with human eye irritation. While the use of in vitro and 
ex vivo methods to assess conventional agrochemical formulations 
is accepted by several regulatory agencies, the in vivo test remains 
the requirement for the United States Environmental Protection 
Agency (EPA) Office of Pesticide Programs (OPP). Reliance on 
the in vivo rabbit eye test has continued, despite its demonstrated 
lack of reproducibility and relevance to humans, because the accu-
racy of data from new methods is determined solely by direct com-
parison to the results from the in vivo test. In this poster, we present 
the results from testing twenty-nine agrochemical formulations in 
the reconstructed human corneal epithelium test method, EpiOcu-
lar and the Bovine Corneal Opacity and Permeability (BCOP) as-
say with histopathology. These methods were selected based on 
their relevance to mechanisms of human eye irritation, their ca-
pacity to assess a broad range of severity, a broad applicability do-
main, and their inclusion in internationally adopted test guidelines. 
We present two defined approaches developed using EpiOcular 
and BCOP. Based on their demonstrated performance, these ap-
proaches are proposed to replace the in vivo test for assessing eye 
irritation potential of agrochemical formulations.
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Lung surfactant is a complex mixture of surface-active phospho-
lipids and associated proteins present as a thin film at the air-liquid 
interface of the fluid lining the alveolar surface. These components 
enable effortless breathing by lowering the surface tension to near 
zero values to prevent alveolar collapse at the end of expiration. In-
haled chemicals have the potential to interact with lung surfactant 
and inhibit its function. We investigate, using the constrained drop 
surfactometer, the effect of sodium dodecyl sulphate (a surfactant 
used safely in consumer products), on lung surfactant inhibition. 
This cell-free model has previously been used to assess chemicals 
where lung surfactant function inhibition was determined by using 
a minimum surface tension of 10 mN/m as the pre-determined cut-
off point above which the alveoli in the intact lungs will collapse. 
To refine the determination criteria, we have used a mathematical 
model developed to measure changes in the viscoelasticity of the 
surfactant and to quantify the effect of SDS on surfactant rheol-
ogy; the Fourier Mode Dynamic Tensiometry Method. Inhibition 
was correlated to the rate of exposure, i.e., the concentration of 
SDS multiplied by the infusion rate. This novel method of assess-
ing the effect of aerosols on lung surfactant function and rheology 
could provide additional information for consumer safety risk as-
sessments when combined with information from the toolbox of 
non-animal approaches currently available. 
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Approaches currently used to subcategorize skin sensitizers into 
GHS subcategory 1A (“strong,” using an induction dose per skin 
area [DSA] of 500 μg/cm2 or less) or 1B (“other than strong,” us-
ing an induction DSA greater than 500 μg/cm2) consider only the 
dose inducing the skin sensitization response and not the frequen-
cy of induced sensitization in human subjects. To address this lim-
itation, we used a data set developed to support OECD Guideline 
497 to conceptualize approaches that incorporate the number of 
sensitized subjects, such as the DSA at which one subject is sen-
sitized (DSA1+) or the DSA at which 5% of subjects are sensi-
tized (DSA05). Of the 605 test results in which the test substance 
was active, the DSA1+ subcategorized 209 test results in GHS 1A 
(DSA and DSA05: 59 and 184, respectively). For substances with 
multiple test results, reproducibility was approximately 90% for 
binary classification and 80-85% for GHS subcategorization when 
applying a standardized weight of evidence (WoE) approach. 
HPPT concordance with LLNA was 44% (46/55) for binary classi-
fications and 61-63% (28-29/46) for GHS subcategorization. Both 
data types, however, showed very good (91-93%, binary) or de-
cent (76-95%, subcategory) concordance when compared to an 
overall WoE consensus classification. This approach to classifying 
and subcategorizing sensitizers improves the prediction of poten-
cy while providing good reproducibility and concordance with an-
imal reference data. 

Project was funded by NIEHS under Contract No. 
HHSN273201500010C. The views expressed above do not  
necessarily represent the official positions of any federal agency.
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Thyroid functionality can be disrupted by exposure to endocrine 
disrupting chemicals (EDCs), which may cause serious health 
problems. Current toxicological tests, using 2D cell culture or an-
imal models, often fail to predict the safety of potential EDCs. In 
order to improve the safety evaluation of these chemicals, there is 
an urgent need for human in vitro models that better mimic thyroid 
architecture and function. Here, we combine 3D organoid technol-
ogy and microfluidics to develop a human thyroid-on-a-chip. Hu-
man thyroid organoids were generated from embryonic stem cells. 
Thyroid follicles, the functional units of the thyroid gland, were 
then incorporated in a microfluidic device and cultured under flow 
conditions for 7 days. The expression of key thyroid genes was 
maintained inside the chip, and interestingly, follicles formed in-
to large multi-luminal structures, which resembles the architecture 
of the native thyroid gland. Exposure to 10 µM benzo[k]fluoran-
thene (BKF) for 7 days induced changes in expression of thyroid 
genes as well as alterations related to activation of the xenobiot-
ic aryl hydrocarbon receptor (AhR) pathway, as demonstrated by 
RNA sequencing. Altogether, we present a novel microphysiolog-
ical human thyroid-on-a-chip model, which may advance the de-
velopment of better predictive in vitro assays to identify EDCs to 
eventually reduce the use of animal models for this purpose.
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Purpose: We aim to address the lack of new approach methodol-
ogies (NAMs) for chemical-specific T cell activation, which con-
stitutes key event 4 in the adverse outcome pathway of skin sensi-
tization. 

Study design: Activation-induced marker (AIM) T cell assays 
and T cell receptor (TCR) sequencing were employed to charac-
terize chemical-specific CD154+CD4+ and CD137+CD8+ T cells 
in human PBMC. 

Results: We tested 2-fold serial dilutions of sensitizing chemi-
cals in the AIM T cell assays to determine concentrations compat-
ible with spectral flow cytometry and T cell function. Using opti-
mal conditions, we then quantified chemical-specific T cells. This 
revealed unusually high frequencies for several metal (Ni2+, Co2+, 
Pd2+) and non-metal allergens (e.g., 2,4,6-trinitrobenezenesul-
fonic acid, Bandrowski’s base). For instance, we observed 0.3% 
(mean) Ni2+-specific CD154+CD4+ T cells in response to 400 µM 
NiSO4 in non-allergic individuals. The strong T cell activation 
was mediated by interactions reminiscent of superantigens. TCR 
binding points included distinct gene segments or single amino 
acids in the highly diverse main antigen-binding region (CDR3) 
such as a histidine for metal ions. Intra-individual TCR repertoire 
analysis captured extensive cross-reactivity among metal-specific 
TCRs while their local skin enrichment proves an involvement in 
human allergic contact dermatitis. 

Conclusion: A strategy is presented to characterize and quantify 
chemical-specific T cells fast, sensitive and comprehensively, thus 
overcoming the limitations of proliferation-based or cytokine se-
cretion assays. Unusually strong T cell activation may contribute 
to sensitizing potencies, and, together with cross-reactivity analy-
sis, should be addressed to solve discrepancies and provide miss-
ing data in the risk assessment of sensitizing chemicals.
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Humans typically exhibit different levels of susceptibility to toxic 
effects from chemical exposure. These differences result in popu-
lation-level variations in chemical effects that in turn affect char-
acterization of chemical risk. Quantitative evaluations of human 
population variability and susceptibility could provide more robust 
chemical risk assessments that are protective of all populations, es-
pecially those disproportionately affected by chemical exposures. 
Human cell-based and computational new approach methodolo-
gies (NAMs) have the potential to model human responses better 
than traditional animal tests and could be used to characterize vari-
ability and susceptibility of human populations. In October 2022, 
NICEATM hosted a symposium aimed at initiating conversations 
among government, scientific experts on NAMs, and the environ-
mental justice community about the challenges associated with 
population variability and susceptibility in the context of chemical 
risk assessment. Speakers at the symposium presented case studies 
in which NAMs have been applied to characterize susceptibility 
factors such as life stage, genetics, or lifestyle. A panel discussion 
considered the challenges of developing NAMs that broadly rep-
resent population variability and highlighted the need to delineate 
differences in susceptibility due to genetic and other intrinsic char-
acteristics versus those due to systemic social constructs. Breakout 
groups discussions addressed confidence in models of population 
variability and susceptibility, barriers to and opportunities for ap-
plying such models, and how to best engage with local communi-
ties. This presentation summarizes the key topics and discussion 
points from the symposium to define the state of the science. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Defined approaches (DAs) combine data from specific information 
sources to predict toxicity. While certain DAs are accepted to iden-
tify potential skin sensitizers, the data interpretation procedures 
they use vary in logical complexity and can be time-consuming to 
apply manually. We have developed an open-source web applica-
tion, the DASS App, to facilitate use of three DAs for skin sensi-
tization (DASS). The app implements two validated DAs, known 
as the Two-out-of-Three (2o3) and the Integrated Testing Strategy 
(ITS), that are described in OECD Guideline 497. It also imple-
ments the Key Event 3/1 Sequential Testing Strategy (KE 3/1 STS) 
accepted by the U.S. Environmental Protection Agency. The three 
DAs available in the DASS App integrate data from three in vitro  
assays that represent three key events within the skin sensitiza-
tion adverse outcome pathway: the direct peptide reactivity assay 
(DPRA), human cell line activation test (h-CLAT), and the Kerati-
noSens assay. To predict skin sensitization hazard, the 2o3 uses the 
consensus hazard across the three in vitro assays; ITS uses a scor-
ing method with outcomes from h-CLAT, DPRA, and in silico pre-
dictions; and KE 3/1 STS sequentially evaluates outcomes from 
h-CLAT and DPRA. ITS can also be used to predict potency cat-
egorization. The DASS App enables users to computationally im-
plement non-animal approaches to evaluate chemical skin sensiti-
zation without the need for additional software or computational 
expertise. The DASS App is available on the National Toxicology 
Program website at https://ntp.niehs.nih.gov/go/40498. 

This project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Globally, industries and regulatory authorities are faced with an ur-
gent need to assess the potential adverse effects of chemicals more 
efficiently by embracing new approach methodologies (NAMs). 
NAMs include cell and tissue methods (in vitro), structure-based/
toxicokinetic models (in silico), methods that assess toxicant inter-
actions with biological macromolecules (in chemico), and alterna-
tive models. Increasing knowledge on chemical toxicokinetics and 
toxicodynamics (what the chemicals do with the body) obtained 
from in silico and in vitro systems continues to provide opportuni-
ties for modernizing chemical risk assessments. However, direct-
ly leveraging in vitro and in silico data for derivation of human 
health-based reference values has not received regulatory accep-
tance due to uncertainties in extrapolating NAM results to human 
populations, including metabolism, complex biological pathways, 
multiple exposures, interindividual susceptibility and vulnerable 
populations. The goal is to provide a standardized framework that 
applies integrated approaches with a focus on quantitative in vitro 
to in vivo extrapolation (QIVIVE) to relate in vitro cellular expo-
sures to human equivalent doses from which human reference val-
ues can be derived. The proposed framework intends to systemati-
cally account for the complexities in data interpretation to support 
human health safety decisions in diverse industrial sectors. Case 
studies of chemical entities, using new and existing data, are pre-
sented to demonstrate the utility of the proposed framework while 
highlighting potential sources of human population bias, and the 
importance of Good Method and Reporting Practices and of the 
use of Artificial Intelligence (AI) to accelerate regulatory life sci-
ence process. 

Reference
doi:10.1093/toxsci/kfad012 
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The direction and pattern of fluid flow affect vascular structure and 
function, in which vessel-lining endothelial cells exhibit variable 
cellular morphologies and vessel remodeling by mechanosens-
ing. To recapitulate this microenvironment, some approaches have 
been reported to successfully apply unidirectional flow on endo-
thelial cells in organ-on-a-chip systems. However, these platforms 
either require bulky pumps or are limited to 2D monolayer cell cul-
tures. Herein, we demonstrate a pumpless recirculating platform 
with an open-well design (UniPlate) that enables unidirectional 
media recirculation through 3D printed tubular tissue constructs 
on a programmable rocker. To ensure that the platform is scalable 
for industrial manufacturing, the device was made of polystyrene 
via injection molding in combination with 3D printed gelatin that 
serves as a sacrificial template. We first engineered tubular blood 
vessels with unidirectional perfusion. Then we expanded the de-
sign to incorporate duo-recirculating flow for culturing vascular-
ized renal proximal tubules with glucose reabsorption function. 
In addition to media recirculation, human monocyte recirculation 
in engineered blood vessels was also demonstrated for over 24 h, 
with minimal loss of cells, cell viability, and inflammatory activa-
tion. UniPlate can be a valuable tool to more precisely control the 
cellular microenvironment of organ-on-a-chip systems for drug 
discovery.
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To develop and license vaccines, it is critical to be able to identify, 
quantify, and analyze the safety, conformation, functionality, anti-
genicity and potency of the vaccine antigens. Animal-derived anti-
bodies have been widely used in in vitro assays for these purposes, 
but they have several drawbacks, including instability or high pro-
duction costs, not to mention the use of animals. Non-animal-de-
rived antibodies and non-antibody affinity reagents are alternatives 
which offer significant benefits including shorter production time, 
higher selectivity and better suitability for non-immunogenic or 
toxic targets, all without the use of animals. 

We evaluated different platforms that offer an alternative to 
animal-derived antibodies. Among these, a platform based on a 
synthetic Fab library associated with selection by phage display 
demonstrated its ability to generate, select and produce ligands 
with the expected attributes throughout different approaches. In 
this communication, we will outline 2 distinct examples. 

We have implemented a strategy using this platform to select 
optimal ligands to develop subtype-specific and sustainable anti-
genicity assays for viral vaccines. 

These projects demonstrate the suitability of the selected tech-
nology for generating alternative ligands that can be used in com-
plex in vitro assays. Rapid screening and generation of candidate 
ligands with high selectivity are key benefits of the Fab phage dis-
play technology compared to the classic method of generating ani-
mal-derived monoclonal antibodies.
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The Swedish 3Rs Center and its steering group, the Swedish Na-
tional Committee for the Protection of Animals Used for Scientific 
Purposes, work with all three Rs. This abstract describes our work 
focusing on Replace and how our work is adapted to dedicated tar-
get groups. 

We aim to increase knowledge about science and research meth-
ods already at an early age, to promote neutral discussion with-
out polarization. Every year we meet students at a national science 
festival to discuss research and choice of methods. To this end, we 
have also compiled a digital education material about research, an-
imal experimentation, ethics and animal-free methods. 

We aim to increase collaboration and dialogue between gov-
ernment agencies and other stakeholders to, amongst other things, 
speed up development and validation of animal-free test methods. 
Each government agency that comes into contact with animal ex-
perimentation, directly or indirectly, has its own specific needs to 
move towards animal-free methods. Therefore, we also provide 
agency-specific education to increase knowledge about specific 
methods or concepts. 

To facilitate networking and increase knowledge about ani-
mal-free methods, we have instated the Swedish 3Rs Network 
for Replace. The network has more than 300 members including 
researchers and representatives of government agencies, animal 
welfare bodies, research-funding bodies etc., and thus converge on 
several target groups. 

The work to Replace animal experimentation is multifaceted 
and spans over divergent target groups. It is important to have di-
alogue with and involve the target groups to ensure that activities 
and efforts are relevant and useful.
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Test method reproducibility is critical for producing data that can 
be replicated, easily interpreted, and used for actionable outcomes. 
Guideline in vivo toxicology studies have long been the default 
for chemical safety assessments for regulatory decision-making 
and thus are the standard against which new approach methodolo-
gies (NAMs) are evaluated. However, retrospective analyses have 
demonstrated substantive variability in data from these studies. 
This variability, which has a variety of potential sources, can con-
found the use of these in vivo studies as reference data for estab-
lishing confidence in NAMs. With interest increasing in integrat-
ing and implementing NAMs into regulatory decision making, it 
becomes imperative to understand the variability of reference an-
imal data and how that may affect the NAM evaluation process. 
This presentation will describe variability evaluations conducted 
on several different standardized in vivo toxicology test methods, 
including both single and repeat-dose study designs. These evalu-
ations have shown that independent replicates of these studies can 
have less than 50% likelihood of yielding the same hazard classi-
fication, particularly when the original test characterizes the sub-
stance as having a mild to moderate effect. We have compiled re-
sults from variability analyses, systematic reviews, and meta-anal-
yses of in vivo toxicological studies to characterize sources of 
variability across various study types. An improved characteriza-
tion of in vivo variability will support a better understanding of 
how to set appropriate expectations when building confidence in 
the use and interpretation of NAMs. 

Project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Ontologies are used to support access to a multitude of databases 
that cover domains relevant information. Heterogeneity and dif-
ferent semantics can be accessed by using structured texts and de-
scriptions in a hierarchical concept definition. We are interested in 
Life Sciences (LS) related ontologies including components tak-
en from molecular biology, bioinformatics, physics, chemistry, 
medicine and other related areas. An Ontology comprises: (i) term 
connections, (ii) the identification of core concepts, (iii) data man-
agement, (iv) knowledge classification and integration to collect 
key information. An ontology may be very useful in navigating 
through LS terms. We want to explore with our collaboration part-
ners and stakeholder networks the applied use of the available bio-
medical ontologies and frameworks, compare them and show their 
role in improving and accelerating their integration into in silico 
and in vitro life science. 
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Implementation of alternative 
methods in Argentina to  
evaluate skin and ocular irritation  
of cosmetics products
Germán Polizzi1, Mariano Nigro1, Esteban Preux1, 
Leandro Subiaga1, Fiorella Panichelli1, Rodrigo De 
Vecchi2, Pablo Quiroga1 and María Laura Gutiérrez3,4 

1Laboratorios Bagó SA, Argentina; 2EPISKIN Brasil Biotecnología, Río 
de Janeiro, Brazil; 3CONICET, Argentina; 4Instituto de Farmacología, 
Facultad de Medicina, Universidad de Buenos Aires, Argentina 

mlgutierrez.ebal@gmail.com 

The implementation of alternative methods in Argentina is a new 
challenge. Although there are currently no laws that restrict or pro-
hibit the use of animals for the evaluation of cosmetic products in 
Argentina, due to ethical issues, social demand and to keep up with 
global advances, it is necessary to work on the implementation of 
methodologies without animals. 

For this reason, Laboratorios Bagó SA decided to bet on the 
implementation of in vitro tests. It was decided to start with two 
tests to evaluate ocular irritation potential: STE (Short Time Expo-
sure – OECD TG 491) and HET-CAM (hen’s egg chorioallantoic 
membrane test); and an assay to assess skin irritation: SkinEthic™ 
OECD Test Guideline 439. 

In a first stage, proficiency tests were carried out with chemical 
products recommended by the guidelines. Once methodological 
competence had been demonstrated, a series of test were carried 
out. We evaluate 48 products by HET-CAM, 15 products by STE 
and 8 products by SkinEthic. Among the product tested were anti-
septic and healing creams; spray, cream and emulsion sunscreens; 
hydrating creams; line of hair products (shampoos and condition-
ers); facial and body creams; facial serum and raw materials and 
ingredients. 

The implementation of the methodology was carried out suc-
cessfully, no more animal tests are carried out for the evaluation 
of skin and eye irritation in Bagó. We are currently working on the 
implementation of an in vitro approach for the evaluation of skin 
sensitization to definitively replace the use of animals in the evalu-
ation of cosmetic products.
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Proficiency testing of in vitro methods
Carla Costa Gomes1 and Luciene Bottentuit López 
Balottin2 
1PRONAMETRO, National Institute of Metrology, Quality and Technology 
(INMETRO), Directorate of Industrial and Scientific Metrology (DIMCI), 
Brazil; 2National Institute of Metrology, Quality and Technology 
(INMETRO), Directorate of Industrial and Scientific Metrology (DIMCI), 
Brazil 

lbbalottin@inmetro.gov.br 

The Brazilian Alternative Methods Network (ReNaMA) was cre-
ated in 2012 by the Ministry of Science, Technology and Innova-
tions and is divided into two types of laboratories: Central and As-
sociated. The network currently has nearly 50 members from the 
public and private sectors. The central laboratory Inmetro (Nation-
al Institute of Metrology, Quality and Technology) has organized 
interlaboratory comparisons to promote the continuous improve-
ment of the network, using the standard ISO 17043:2010 (Con-
formity assessment – General requirements for proficiency test-
ing) as a reference. Four interlaboratory comparisons, with 17 par-
ticipants, were conducted between 2017 and 2019, focusing on 
OECD in vitro methods. The “value” of the test items came from 
the expected GHS classification. Regarding the correct GHS clas-
sification of the test items, 12 participants were successful. How-
ever, when we break down this information, we find that only one 
participant met the quality criteria outlined in the appropriate test 
method guideline. Recognizing that it was a first exercise, each 
participant also received feedback on technical issues that could 
be improved. Our results strongly suggest that periodic evaluation 
of laboratory performance by a third party would be helpful to im-
prove the quality of the results, even though this is not required 
under the Good Laboratory Practice (GLP) management system. 
Given the increasing complexity of new technologies in this field, 
successful participation in interlaboratory comparisons, either un-
der a proficiency testing programme or an external quality assess-
ment (EQA), can be recognized by stakeholders, such as regula-
tors, as evidence of the laboratory’s quality and competence.
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Establishing confidence in NAMs  
for developmental  
and reproductive toxicity
Nicole Kleinstreuer 
NIEHS/DTT/PTB/NICEATM, United States 

nicole.kleinstreuer@nih.gov 

Evolving considerations around validation of New Approach 
Methodologies (NAMs) have led to an increased emphasis on 
more flexible, fit-for-purpose approaches that are tailored for reg-
ulatory contexts of use. Qualification of an assay involves estab-
lishing scientific confidence to a level sufficient for specific de-
cision frameworks, and depends upon essential elements such as 
robustness, reproducibility, relevance, and independent review. 
Testing strategies that are targeted towards screening and predict-
ing developmental and reproductive toxicity potential are often de-
signed to address specific mechanisms or key biological processes 
that are essential to normal conception and fetal development. It 
is therefore critical to identify reference data that are also accord-
ingly targeted and, ideally, have demonstrated applicability to hu-
mans. Work is ongoing to mine scientific literature, databases, and 
screening programs to postulate reference chemical lists that are 
well-substantiated and biologically characterized. Understanding 
predictive value and appropriate application may differ under sce-
narios of rapid response data generation, lead compound screen-
ing, chemical hazard and risk assessment, and various other con-
texts of use. Applying systems modeling strategies such as in vi-
tro to in vivo extrapolation to derive exposure-driven margins of 
safety can support increased confidence in regulatory application. 
Current efforts and future directions in qualifying NAMs for use in 
DART testing rely upon coordination across international partners 
and diverse stakeholders.
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Is “release” becoming another R?  
An overview of US laboratory 
adoption laws and legislation
Monica Engebretson 
Cruelty Free International, United States 

monica.engebretson@crueltyfreeinternational.org 

In the past ten years laws governing post-research placement for 
dogs (and sometimes cats) have been passed by fifteen US states 
and several other states have seen legislation introduced. Howev-
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Training and implementation  
of a reconstructed human 
epidermis (RHE) model to evaluate 
skin irritation in Argentina
Julieta Roco1,2, Mariela Lenze1,2, Martina Benedetti1,2, 
Rodrigo De Vecchi3 and María Laura Gutiérrez1,2 

1CONICET, Argentina; 2Insituto de Farmacología, Facultad de Medicina, 
Universidad de Buenos Aires, Argentina; 3EPISKIN Brasil Biotecnología, 
Río de Janeiro, Brazil 

mlgutierrez.ebal@gmail.com 

The implementation of alternative methods to the use of animals 
for regulatory purposes in Argentina is incipient. Although there 
are still no restrictions at the regulatory level, social pressure and 
advances in regulatory matters in other countries have led to the 
need for non-animal methodologies for the evaluation of cosmet-
ic products. Faced with the global trend of replacement, the first 
Alternative Methods Laboratory (LMA-EBAL) was created in Ar-
gentina with the purpose of implementing, developing and training 
in vitro methodologies. In this sense, we organized the first hands-
on workshop of SkinEthic™ OECD TG 439 for Skin Irritation 
Test in the country. The training was ministered by Rodrigo De 
Vecchi and María Laura Gutiérrez; it was attended by regulators 
and specialists from the National Administration of Medicines, 
Food and Medical Technology (ANMAT), from the ANLIS Mal-
brán Institute, CONICET researchers, professors from the UBA, 
from the pharmaceutical and cosmetic industry, test laboratories 
and representatives of the Argentine Chamber of the Cosmetic and 
Perfumery Industry (CAPA). 

In the first implementation of the methodology in the LMA-
EBAL, the skin irritation potential produced by 14 AIN VEGAN 
cosmetic products was assessed according to the OECD TG439 
guideline. The success of this experience is important for Argen-
tina since the training was very popular and the implementation 
allowed testing the SkinEthic import system from Episkin Brazil.
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benzene exposure in the general population. S-phenyl mercapturic 
acid (SPMA), a urinary metabolite of benzene in human, is consid-
ered as a specific biomarker for benzene exposure. In our present 
study, we adapted a physiologically based pharmacokinetic (PB-
PK) modeling for benzene and validated the model with human 
data from literatures. We further optimized the model with phys-
iological parameters of children and incorporated variation of the 
parameters into the model. Finally, we validated the model with 
personal benzene exposure data and urinary SPMA among a chil-
dren population living near petrochemical industrial parks. This 
validated model will allow us to utilize SPMA as a benzene expo-
sure marker for risk assessment among the children population in 
the future.
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c-Src phosphorylation is a key 
molecular event in distinguishing 
between irritants and non-irritants 
on human skin equivalent model
Md Zobaer Hasan1, Amy Harding2, Hirofumi 
Nakanishi1, Tetsuo Furuno1, Craig Murdoch2 and 
Helen Colley2 

1Rohto Pharmaceutical Co. Ltd, Japan; 2The University of Sheffield, United 
Kingdom 

hasan@rohto.co.jp 

Topically applied chemicals often cause skin irritation in humans. 
Several studies have used human skin equivalents (HSE) to iden-
tify increased expression of genes to common chemical irritants. 
However, these gene signatures consist of many genes, making 
them difficult for high-throughput analysis. We hypothesized that 
analyzing the upstream signaling cascades would enable us to de-
termine specific kinases that trigger irritation pathways. In this 
study, we applied irritant and non-irritant chemicals to HSE for 
15 minutes and performed a phosphokinase array to distinguish ir-
ritants from non-irritants. Most kinases displayed no difference in 
phosphorylation status between treatments with irritant and non-ir-
ritant compounds. However, an abundance of phospho-c-SrcY419 
was increased upon topical application of a known irritant lactic 
acid (LA), in comparison to the non-irritants methylparaben (MP) 
and cocamide diethanolamine (Co-DEA), or water applied as car-
rier control. Previously, we identified a seven-gene signature pan-
el that distinguishes irritants from non-irritant. Four genes identi-
fied in this panel (IL-6, PTGS2, MAP3K8, MMP-3) are regulat-
ed by phosphorylation of transcription factors AP-1 (c-Fos/c-Jun) 
and p65/NFκB. In line with these data, we found increased phos-
phorylation of both c-JunS63 and p65S536 in response to irritants 
but not non-irritants. In addition, an anti-irritant chemical com-

er, information on law compliance and the number of animals re-
leased for adoption in these states is lacking. 

Cruelty Free International conducted a review of state lab-
oratory laws and, as a case study, surveyed California laborato-
ries covered by the state’s laboratory adoption law with a series 
of questions aimed at measuring the laws’ impact. We concluded 
that without specific reporting requirements and publicly available 
information about research facilities, their adoption policies and 
availability of adoptable animals, it could be difficult if not impos-
sible, to enforce such laws or to measure their life-saving impact. 

Our review informed federal legislation, the Companion Ani-
mal Release from Experiments (CARE) Act that would establish a 
national requirement for research institutions that receive taxpay-
er funding via the National Institutes of Health to establish trans-
parent adoption policies for dogs, cats, and rabbits who are no lon-
ger used for research and to maintain publicly available data on 
the program. Like most state-level bills, the CARE Act allows re-
search facilities to determine which animals are suitable for adop-
tion, and coordination with local animal rescue groups or shelters 
is optional. 

Cruelty Free International believes it is not enough to have the 
homing of animals on a state-by-state or case-by-case basis. We 
believe that passage of the CARE Act has the potential to save 
hundreds of dogs, cats and rabbits.
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Establishment of a physiologically 
based pharmacokinetic modeling 
for benzene exposure assessment 
in children population
Pinpin Lin1,2, Yi-Jun Lin1,2, Pei-Yu Wu3, Yu-Cheng 
Chen1, Jing-Fang Hsu1, Juhsin Hsu1, Pau-Chung 
Chen1,4,5 and Yue Leon Guo1,4,5 

1National Institute of Environmental Health Sciences, National Health 
Research Institutes, Miaoli, Taiwan; 2Institute of Food Safety and 
Health Risk Assessment, National Yang Ming Chiao Tung University, 
Taipei, Taiwan; 3University of Florida, Gainesville, FL, United States; 
4Environmental and Occupational Medicine, National Taiwan University 
(NTU), College of Medicine and NTU Hospital, Taipei, Taiwan; 5Institute 
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Health, National Taiwan University, Taipei, Taiwan 
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Benzene, readily detectable in the ambient air worldwide, is emit-
ted from the storage facilities and products of petroleum. Previous-
ly, we reported that benzene was one of the highly concerned vola-
tile organic compounds for the residents living near petrochemical 
industrial parks. Benzene is also detected in the exhaust of mo-
tor vehicles and cigarette smoke. Therefore, it is urgent to monitor 
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Severity assessment of bile 
duct ligation models
Guanglin Tang, Wiebke-Felicitas Nierath, Wentao 
Xie, Denis Revskij, Nico Seume, Xianbin Zhang, Luise 
Ehlers, Brigitte Vollmar and Dietmar Zechner 
Rostock University Medical Center, Germany 

dietmar.zechner@uni-rostock.de 

Purpose: The goal of this study was to investigate, if partial bile 
duct ligation (pBDL) still enables scientists to explore pathologi-
cal features of cholestasis, while causing less distress to mice than 
common bile duct ligation (cBDL). 

Methods: After induction of partial or total cholestasis in mice 
the wellbeing of these animals was evaluated by assessing bur-
rowing behavior, body weight and a distress score. To compare 
pathological features of these animal models, the plasma levels of 
liver enzymes, liver necrosis and fibrosis were assessed on day 14. 

Results: Mice after pBDL had a higher survival rate and their 
wellbeing was significantly better when compared to cBDL ani-
mals. However, only cBDL animals had significantly elevated liv-
er enzymes such as aspartate and alanine aminotransferase. More-
over, the surgical intervention for pBDL was more difficult and 
prone to reducing the blood flow of the adjacent artery. This has a 
major effect on the observed pathological features such as the ex-
tent of necrosis and collagen deposition. 

Conclusion: Therefore, pBDL might be the preferred animal 
model when considering animal welfare but has also specific dis-
advantages when compared to cBDL.
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experimentation
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1Swedish 3Rs Center, Swedish Board of Agriculture, Jönköping, Sweden; 
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Scientific Purposes, Swedish Board of Agriculture, Jönköping, Sweden; 
3AstraZeneca, Department of Animal Science and Technology, Clinical 
Pharmacology and Safety Sciences, R&D, Mölndal, Sweden; 4Swedish Fund 
for Research Without Animal Experiments, Stockholm, Sweden; 5University 
Veterinary, Faculty of Medicine, Lund University, Lund, Sweden 

emma.svensk@jordbruksverket.se 

The Swedish National Committee for the Protection of Animals 
Used for Scientific Purposes and its executive body the Swedish 
3Rs Center have set out to compile a strategy to replace animal ex-
perimentation in a Swedish context. 

pound, betaine trimethylglycine could inhibit this phosphorylation 
of c-SrcY419 and also indicates that c-Src phosphorylation at the 
Y419 position specifically triggers irritation response. Therefore, 
c-Src phosphorylation can be used as a marker for use in predict-
ing pharmacological and cosmetic chemical irritation potential in a 
more robust, rapid, and high throughput manner.
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Non-invasive methods for early 
humane endpoint determination in a 
mouse model for colorectal cancer
Simone Kumstel, Tim Schreiber, Ingo Koopmann,  
Jakob Brandstetter, Lisa Hoffmann and Brigitte 
Vollmar 
Rudolf-Zenker-Institute for Experimental Surgery, University Medical 
Center Rostock, Germany 

simone.kumstel@uni-rostock.de 

A key aspect of improving welfare of laboratory animals is the de-
termination of early humane endpoint criteria for timely euthana-
sia before severe suffering occurs. Especially non-invasive and 
less stressful methods should be considered for humane endpoint 
determination. 

Data-based welfare assessment was performed in an orthotopic 
mouse model for colorectal cancer. Non-invasive behavioral and 
physiological parameters such as burrowing behavior, nesting ac-
tivity, body weight, distress score, perianal temperature and mouse 
grimace scale were evaluated during cancer progression and their 
accuracy for welfare assessment was directly compared to a con-
tinuous monitoring of activity, body temperature and ECG by te-
lemetry. 

All welfare parameters indicated no significant changes com-
pared to healthy mice until day 20 during cancer progression. 
However, 1-2 days before reaching the individual humane end-
point, most parameters changed significantly and indicated an im-
pairment of animal welfare. The non-invasive parameters distress 
score, burrowing behavior and mouse grimace scale displayed a 
high accuracy for humane endpoint prediction similar to the sensi-
tive telemetric parameters activity and body temperature. 

Accurate early humane endpoint prediction in a murine colorec-
tal cancer model is feasible with non-invasive and less stressful 
methods. 
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cols, ICE (OECD 438), EpiOcular™ ET-50) was sufficiently sen-
sitive to predict GHS Cat 1 agrochemical formulations correctly. 
The EpiOcular™ EIT (OECD 492) was predictive for non-irri-
tants formulations. 

Skin irritation / corrosion: Comparing in vivo and in vitro skin 
irritation and corrosion data indicates a lack of applicability of the 
current protocol of the in vitro skin irritation test (OECD 439) for 
agrochemical formulations. 

Skin sensitization: Our experience with in vitro skin sensi-
tization tests for agrochemical formulations is limited to only a 
few formulations that were assessed in the “2 out of 3 approach” 
(OECD 497) comprised of the DPRA (OECD 442C), the LuSens 
(OECD 442D), and the h-CLAT (OECD 442E). 

Acute oral, dermal and respiratory toxicity: Comparing experi-
mentally derived classification to the GHS additivity approach for 
acute oral, dermal and respiratory toxicity used for formulations 
containing at least one toxic ingredient falsely characterized the 
hazards of formulations with interacting ingredients. A proper ap-
plication of the GHS additivity formula first must ensure the toxic 
chemical(s) in the formulation do not interact with other ingredi-
ents of the formulation.
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Evidence-based severity 
assessment in epilepsy models 
as a basis for refinement?
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Rupert Palme2, André Bleich3, Steven R. Talbot3 and 
Heidrun Potschka1 
1Institute of Pharmacology, Toxicology and Pharmacy, Ludwig-
Maximilians-University (LMU), Munich, Germany; 2Department of 
Biomedical Sciences, University of Veterinary Medicine, Vienna, Austria; 
3Institute for Laboratory Animal Science and Central Animal Facility, 
Hannover Medical School, Hannover, Germany 

Verena.Buchecker@pharmtox.vetmed.uni-muenchen.de 

For ethical and legal reasons evidence-based severity assessment is 
essential. Within the framework of the research group “Severity As-
sessment in Animal Based Research” (DFG FOR 2591) suitable pa-
rameters for an objective severity assessment are identified and val-
idated. Multidimensional schemes are then used for evidence-based 
assessment of possible refinement measures. In this study, we fo-
cused on chronic epilepsy models in adult mice and rats. 

Different behavioral and biochemical parameters were evaluat-
ed in mouse and rat kindling and post-status epilepticus models. 
In some sub-studies, sleep patterns, locomotor activity, heart rate, 
and heart rate variability were analyzed based on telemetric re-

The project was kicked-off through an open workshop where 
stakeholders were invited to give input. Four different topics were 
discussed: positive attitudes towards development and implemen-
tation of replacement, how science communities can collaborate 
to drive the transition from animal use to alternative methods, ar-
eas where animal experimentation could be replaced in a near fu-
ture, and finally, what obstacles are seen in the validation and eval-
uation process for new methods. 

The discussions focused on funding, collaboration between 
researchers and the importance of visualizing information on 
non-animal methods. The information has been processed by 
the National Committee and the 3Rs Center and compiled into a 
working document. 

Three overall focus areas have been postulated: 
− Knowledge and collaboration on animal-free research shall in-

crease 
− Animal-free methods shall be developed and evaluated at a fast-

er pace 
− Animal-free methods shall be implemented and replace animal 

experimentation as soon as scientifically possible 
The project has now moved into the next phase – anchoring with 
the target groups. During this process, input will again be collected 
from stakeholders and the document modified to encompass their 
views. Ideas for specific interventions or activities will also be col-
lected. 

When finalized, the document will be used to direct the Swed-
ish National Committee’s work to replace animal experimentation 
and disseminated to other organizations as inspiration.
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Not quite there: BASF’s experience 
in replacing the six pack toxicity 
tests for agrochemical formulations
Susanne Kolle, Stefan Stinchcombe, Dorothee Funk-
Weyer and Robert Landsiedel 
BASF SE, Germany 

susanne.kolle@basf.com 

Several NAMs addressing the so-called six-pack endpoints have 
gained regulatory acceptance but their predictive capacity for ag-
rochemical formulations is usually not well understood upon 
adoption. 

We report here our experience using in vitro methods or 
non-testing approaches for eye irritation/ serious eye damage, skin 
irritation/ corrosion, skin sensitization, and acute oral, dermal and 
respiratory toxicity. 

Eye irritation / serious eye damage: None of the evaluated pro-
tocols (HetCam, BCOP (OECD 437), two modified BCOP proto-
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nous or subcutaneous injection of murine Panc02 cells. Hardly 
any changes of the welfare parameters were observed until day 
38 of cancer progression. However, 24-48 hours before reaching 
the individual humane endpoint (Day 40-77), most parameters 
indicated an obvious impairment of animal welfare. Especially 
burrowing behavior and mouse grimace scale had a high accu-
racy for early humane endpoint prediction in murine pancreatic 
cancer models. 

Data-based animal welfare assessment was successfully imple-
mented to quantify the burden of pancreatic cancer in different 
mouse models and to determine early humane endpoint criteria.
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Kingdom 

annie.delaunois@ucb.com 

Developing new drugs takes 10-15 years with an average cost of 
1-2 billion dollars and an attrition rate of 90-95%. Over the last 
decade, there has been increasing interest of the pharmaceutical 
industry for in silico tools that could identify key issues of drug 
candidates early on in the drug discovery process. The objective of 
this communication is to present examples of computational tools 
deployed at UCB across the entire pharmaceutical life cycle, based 
on the Build, Borrow, Buy concept. Particular emphasis will be 
given to safety aspects. An internal predictive platform containing 
about 33 predictive models (covering many endpoints, e.g., hERG 
blockade, mutagenicity, hepatotoxicity, clearance, …) has been 
built. The platform enables informed decision making and contin-
uous learning from internally generated data to make more accu-
rate predictions. The Borrow pillar consists of external collabora-
tions or participation to consortia (EIT Digital, IMI,…) to share 
data in the pre-competitive space, pool knowledge and data to im-
prove predictivity of the in silico tools, and spread cost and risks 
associated to their development. Finally, the Buy pillar refers to the 
acquisition of commercially available computational tools that al-
lows rapid implementation and are well validated and accepted by 
regulatory authorities. This computational strategy helps to guide 
design of molecules and prioritize chemical series by predicting 
their physicochemical, pharmacokinetic, and safety properties be-
fore compounds are even synthesized. It reduces attrition rate and 
improves effectiveness by identifying better drug candidates fast-
er, and also contributes to reduce animal experimentation.
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cordings. Selected parameters were applied to assess the poten-
tial benefit of telemetric over tethered recordings as a refinement 
measure. 

Parameters that stood out as sensitive indicators of animal dis-
tress in various sub-studies include burrowing, saccharin prefer-
ence, fecal corticosterone metabolites, heart rate, and heart rate 
variability. In addition, nestbuilding and grimace scores were af-
fected in the early post-surgical phase in both species. Comparison 
between telemetric and tethered recording approaches in rats did 
not reveal major group differences. 

In conclusion, we identified various valuable and sensitive se-
verity assessment parameters suitable for application in epilepsy 
models. Interestingly, cross-correlation analysis argued against an 
added informative value of telemetric parameters suggesting that 
a combination of behavioral and biochemical parameters is suffi-
cient to capture sensitive information about an animal’s distress 
and the affective state. Concerning refinement, our findings indi-
cate that telemetric recordings only offer small advantages com-
pared to cabled set ups in rats. 

 
Supported by Deutsche Forschungsgemeinschaft (FOR2591,  
PO681/9-2).
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humane endpoint determination  
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Brigitte Vollmar1 and Simone Kumstel1 
1Rudolf-Zenker-Institute for Experimental Surgery, University Medical 
Center Rostock, Germany; 2Unit of Physiology, Pathophysiology and 
Experimental Endocrinology, Department of Biomedical Science, 
University of Veterinary Medicine, Vienna, Austria 

jakob.brandstetter@uni-rostock.de 

Preclinical oncological in vivo research remains essential to obtain 
new treatment strategies. Effective refinement of animal models 
in this research area requires data-based assessment of the specific 
cancer burden. 

Data-based animal welfare assessment, including parameters 
such as body weight, distress score, nesting activity, burrowing 
behavior, perianal temperature, fecal corticosterone metabolites, 
plasma corticosterone and mouse grimace scale was performed 
during the induction and progression of different murine pancre-
atic cancer models. 

Significant changes of burrowing behavior, body weight 
change and perianal temperature indicated a short-term, mild 
impairment of animal welfare either during orthotopic, intrave-
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Using FBS-free media in in vitro cell 
cultures: Case studies in transitioning 
and characterizing A549, EA.hy926 
and THP-1 immortalized cell lines
Aline Chary, Servane Contal, Pamina Weber, Charlotte 
Stoffels and Arno C. Gutleb 
Luxembourg Institute of Science and Technology, Luxembourg 

aline.chary@list.lu 

The use of fetal bovine serum (FBS) in cell culture media may hin-
der the reproducibility and human-relevance of in vitro research 
and is associated with ethical and legal challenges. Increasingly, 
scientists are focusing on replacing the use of FBS as a supplement 
in cell culture media with animal-component-free media. 

As case studies, A549*, EA.hy926 and THP-1 cells – which are 
common models for human epithelial alveolar, endothelial and 
monocyte cells, respectively – were used to demonstrate the pro-
cess of transitioning cells cultured in medium containing FBS to 
commercially-available media without FBS. 

To determine whether the transition was successful, cellular 
morphology and functionality were assessed by imaging (scan-
ning electron microscopy); calculating cell doubling time, cyto-
kine release (Bio-Plex), and cell viability (Alamar blue assay). 
Our results show that, while success varies based on the transi-
tion process and type of media, animal-derived components can be 
replaced in the culture of A549, EA.hy926 and THP-1 cells. Be-
cause FBS-free media can replicate the phenotype of the cells sim-
ilar to that observed in FBS-supplemented medium or a phenotype 
more similar to normal human cells, the medium should be chosen 
based on the objective of the study. These case studies can be used 
as a guide to transition other cell types to FBS-free media. 

 
* This work was funded by PETA Science Consortium  
International e.V.
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chemicals using an in vitro approach
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Adverse reactions to substances contained in household products, 
personal care and cosmetics formulations, and even pharmaceu-
tical products include photosensitivity reactions (photoirritation 
and/or photoallergy). These reactions occur when the application 
of a chemical product, topically or systematically, is simultaneous 
with sunlight exposure. On the other hand, to ensure the safety of 
these products, phototoxicity and photoallergy assays should be 
performed. In this sense, the development of new alternative tests 
to animal experimentation to predict these adverse reactions is of 
especial interest for cosmetics due to the European ban on animal 
use and for the other products also necessary to replace animals. 
In this work, the conditions of an in vitro test have been fine-tuned 
with the final objective of being able to identify chemical products 
with photosensitizing capacity and to distinguish to the photoirri-
tant activity. For this, the OECD TG432 guideline has been fol-
lowed with slight variations. Thus, the commercial line of human 
keratinocytes HaCaT has been exposed to different concentrations 
of Chlorpromazine (CPZ) and Sodium dodecyl sulphate (SDS) in 
the absence and presence of UVA light, and cell viability has been 
determined by the NRU and MTT assays. The results show that 
both at a dose of 4 J/cm2 and 5 J/cm2, CPZ is classified as a pho-
totoxic product. Once the appropriate irradiation dose has been 
determined the study has included different products with known 
phototoxic capacity and the conditions to evaluate the photogeno-
toxic potential has been settled oud. These assays can be a promis-
ing simple method to identify photosensitizers.
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Refinement of pain management: 
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neurosurgical approaches in mice
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In the past the rare application of multimodal perioperative anal-
getic regimens raised concerns about the quality of pain manage-
ment in animal-based neuroscience research, which is often requir-
ing intracranial implants. The aim of our studies was to assess the 
development during a recent decade based on a systematic review 
and to develop a multimodal analgesia approach. 

The systematic review compared analgesia approaches for mice 
and rats reported in studies over a decade. Efficacy and tolerabili-
ty of a multimodal analgesia regimen combining an NSAID (car-
profen), sustained release buprenorphine and/or a local anaesthet-
ic (bupivacaine) was determined in C57BL/6J mice with implan-
tation of an intracranial electrode. Postsurgical pain was assessed 
based on a multidimensional pain assessment approach combining 
behavioral, grimace scale, and biochemical parameters. 

Our systematic literature search revealed that 75% of studies 
from 2019 failed to report perioperative analgesia use and that 
monotherapeutic approaches were still much more common than 
multimodal approaches. Data analysis from the in vivo study indi-
cates more pronounced changes of different behavioral parame-
ters in mice receiving NSAID monotherapy. Among other findings 
these mice show a lower body weight as compared to groups with 
multimodal analgesia. 

In conclusion, our findings demonstrate that lack of analgesia 
and oligoanalgesia remains an issue in neuroscientific research. 
Thus, further educational efforts seem to be necessary emphasiz-
ing the relevance of optimized analgetic approaches as a refine-
ment measure with consequences for animal welfare and study 
quality. First findings from the analgesia study indicate superiority 
of multimodal approaches for murine craniotomies. 

 
Supported by Deutsche Forschungsgemeinschaft (FOR2591,  
PO681/9-2).
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The alternative cardiac in vitro 
system: Role of the biomechanical 
structure and cell composition in  
the modulation of toxicity response
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Elisa Ceccherini1, Maria Aurora Morales1, Antonella 
Cecchettini1,2, Monica Boffito3, Andrea Alliaud3, 
Rossella Laurano3 and Gianluca Ciardelli3 
1Institute of Clinical Physiology IFC-CNR, Italy; 2Department of Clinical 
and Experimental Medicine, University of Pisa, Italy; 3Department of 
Mechanical and Aerospace Engineering, Politecnico di Torino, Italy 

vozzi@ifc.cnr.it 

Three-dimensional (3D) culture systems have been developed to 
restore in vivo conditions mimicking multicellular micro-tissues. It 
has been repeatedly demonstrated that only 3D technologies using 
co-cultures are able to reproduce key aspects of the phenotypical 
and cellular heterogeneity as well as microenvironmental aspects 
of tumor growth. 

This work aims to compare a 3D co-culture of Human Induced 
Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CMs, 
80%) and Human Coronary Artery Endothelial Cells (HCAECs, 
20%) versus the gold-standard cell system of 2D hiPSC-CMs 
(100%), placed in contact with Doxorubicin. The 3D model was 
established by culturing cells into photo-crosslinked gelatin meth-
acryloyl networks. Gel viscoelastic properties were thoroughly 
studied by rheology. A dose-response curve (0.001-20 µM) was 
performed, and cells were treated for 7 days. The cell functions 
(mitochondrial activity, oxidative stress, apoptosis, cell integrity, 
cardiac and specific cell markers) were characterized. 

Our results highlighted the increased resistance of the 3D sys-
tem to Doxorubicin toxic effect with respect to the 2D culture and 
showed how mitochondrial activity and oxidative metabolism 
seem to be the most sensible networks to chemical toxicity. The in-
tegration of biomechanical and cell stimuli could favor a more pre-
cise evaluation of the toxicity profile of chemicals, supporting a re-
liable transferability of information from the bench to the bedside. 

 
This work was supported by the European Union’s Horizon 2020  
research and innovation program (grant #101037090). The  
content of this manuscript reflects only the author’s view, and the  
Commission is not responsible for any use that may be made of  
the information it contains.
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Skin irritation of nanoparticles using 
a reconstructed human epidermis
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Purpose: Microfibrillated cellulose (MFC) and silica nanoparti-
cles (SiO2NP) have been proposed to the development of sustain-
able and renewable products. MFC presents a thickener property 
and allows interactions with different materials, and SiO2NP can 
be used as a chemical carrier. Considering the lack of knowledge 
on nanoparticle toxicity, this study aims to verify whether MFC 
and SiO2NP are skin irritants after acute and repeated exposure us-
ing a reconstructed human epidermis (RHE). 

Methods: The skin irritation test was performed using an in-
house RHE model. Exposure of MFC (1%) and SiO2NP (0.5%) 
followed the SkinEthic protocol described in the OECD TG 439, 
with adaptations for the repeated exposure. Cell viability was 
measured by the MTT assay, and enzyme-linked immunosor-
bent assays with RHE supernatants were performed to evaluate 
proinflammatory cytokines (TNF-α, IL-8 and IL-6). To evaluate 
nanoparticle skin permeability, an autofluorescence assay was per-
formed using confocal microscopy. 

Results: According to the OECD TG 439, an irritant response is 
defined by a threshold of cell viability lower than 50% compared 
to the negative control. Our data showed that both nanoparticles 
are not potential irritants in acute and repeated exposure. No signif-
icant difference was found in the cytokine production compared 
to the negative control. Both tested nanoparticles did not permeate 
the epidermis barrier and no histological changes were observed. 
Therefore, this study showed that MFC and SiO2NP are not skin 
irritants and may be used as sustainable alternatives to developing 
nanotechnological products.

Presentation: Poster

353

Evaluating fish acute toxicity of 
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Microfibrillated cellulose (MFC) and silica nanoparticles 
(SiO2NP) are nanomaterials with several potential applica-
tions in nanotechnological products. The MFC renewable or-
igin and biodegradability properties have attracted attention 
in sustainable product development; however, its environ-
mental impacts are not yet fully understood. In this study, the 
fish acute toxicity potential of MFC and SiO2NP was eval-
uated by a modified version of the OECD Test Guideline 
249, which ensured bioavailability, avoiding death caused 
by deposition on cells and not due to proper cell uptake. Thus,  

RTgill-W1 cells were exposed to MFC (39 to 1250 mg/L)  
and SiO2NP (7.81 to 250 mg/L) in 24 well-plates for 24 h un-
der conventional exposure conditions (static exposure) and orbit-
al shaking; cell viability was quantified according to the OECD 
249. Controls (cell-free, solvent, and positive controls) were in ac-
cordance with the validity criteria of the test. No effect on cell vi-
ability was observed for MFC in both exposure conditions. For 
SiO2NP, concentration-dependent toxicity was verified, and cell 
viability was decreased when static exposure (lower values of 
EC50) was compared to the orbital shaking condition due to the 
higher deposition of SiO2NP on gill cells and not due to cell up-
take. In the orbital shaking, the most conservative EC50 value was 
in the CFDA-AM test (70.51 mg/L), which classified SiO2NP as 
slightly toxic to aquatic life. In conclusion, safer SiO2NP concen-
tration needs to be established for nanotechnology applications. 
Moreover, it was shown that the experimental design to estimate 
nanoparticle toxicity by in vitro methods correctly should consid-
er exposure conditions.
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Systematic reviews of animal studies: 
The positive impact on research
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The Netherlands Organisation for Health Research and Develop-
ment, ZonMw, has funded training and coaching in performing pre-
clinical systematic reviews since 2012. To evaluate the impact of this 
funding, we assessed the effect of performing systematic reviews on 
researchers and their research during the period 2012-2020. 

An online survey was sent to grantees to investigate their expe-
rience of conducting a systematic review and its impact on their 
attitudes and subsequent (animal) research. In-depth interviews 
were conducted with a sub-group. 

Respondents reported that conducting a systematic review 
changed their views on the quality of animal studies general-
ly, with some leaving animal research altogether to focus on al-
ternatives, meta-research or open science. They related how they 
shared their newly acquired knowledge with their teams and 
used their new insights to improve their subsequent studies, e.g., 
through better design, conduct and reporting. They reported advo-
cating for change among their peers, e.g., by publishing opinion 
papers, and explained that their review findings inspired new pri-
mary animal and human studies as well as preclinical systematic 
reviews. Participants suggested their field would benefit if more 
researchers were able to conduct and understand the value of sys-
tematic reviews. 

Training and coaching in systematic reviews positively impact-
ed animal research quality, transparency, and awareness in this 
case study. Therefore, other funders should follow this example to 
encourage systematic reviews, as a greater use is likely to stimu-
late the further spread of good practice in animal research and fa-
cilitate the transition to animal-free alternatives.
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Next Generation Risk Assessment (NGRA) is an exposure-led ap-
proach to safety assessment that uses New Approach Methodolo-
gies (NAMs). The scientific principles of NGRA were applied to 
assure the safety of workers in factories handling sodium 2-hy-
droxyethane sulphonate (sodium isethionate, SI). 

The worst-case levels of exposure of workers to SI in several 
factory environments were estimated using factory-specific data 
and occupational exposure models. These exposure values were 
then used to estimate levels of systemic exposure to SI following 
occupational exposure using Physiologically Based Kinetic (PBK) 
modelling. Experimental ADME data from NAMs were also gen-
erated on SI for this PBK modelling which indicated a worst-case 
plasma Cmax of 0.8 μM across the entire life cycle of SI. 

The bioactivity of SI was assessed in a battery of NAMs rele-
vant to systemic, reproductive, and developmental toxicity. Con-
centration-response curves were derived for 40 cell stress markers 
and High Throughput Transcriptomics was conducted in HepG2, 
HepaRG and MCF7 cells. Pharmacological profiling of SI against 
73 targets was conducted as well as specific assays relating to de-
velopmental toxicity (Reprotracker, devTOXqp). Points of Depar-
ture (PoDs) for SI in these assays ranged from 104-5044 µM. 

Cmax values obtained from PBK modelling of occupational ex-
posure to SI were compared to PoDs from the bioactivity assays to 
derived Bioactivity/Exposure Ratios (BER) which demonstrated 
the safety for workers exposed to SI. This work provides addition-
al evidence to support the application of NGRA for regulatory pur-
poses such as REACH.
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Most antibodies used in research are derived from animals, with 
about 1 million animals used in their production each year in Eu-
rope [1]. The emerging animal-free production techniques, like 
phage display, can allow improved reproducibility for research, 
diagnostic, and therapeutic purposes, as well as having potential 
for greater functionality and upscale [2]. These techniques are 
gaining worldwide recognition as the way forward in biomedi-
cal research. 

However, there is a general lack of awareness around this top-
ic. As animal-free antibodies are relatively “new”, it raises ques-
tions around their validity, affordability, and quality, even when 
researchers are aware of them. Many suppliers and researchers 
who are aware are hesitant to change materials or techniques that 
are well established without good cause. 

The European Centre for the Validation of Alternative Meth-
ods (ECVAM) published recommendations that “animals should 
no longer be used for the development and production of anti-
bodies for research, regulatory, diagnostic and therapeutic appli-
cation” [1]. As part of this initiative, Animal Free Research UK 
will launch an online animal-free antibody database in April 2023. 
This platform aims to encourage researchers to prioritize the use 
of animal-free antibodies while facilitating their access. We hope 
this will be a strong basis for creating more impetus towards ac-
ceptance of animal-free biomaterials, and for building more infor-
mative and collaborative resources as a support for scientists em-
bracing human-relevant research. 

 
References 
[1] https://data.europa.eu/doi/10.2760/80554  
[2] https://www.nature.com/articles/s41587-020-0687-9 
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Latin-American industry seeks to take advantage of the biodiver-
sity and the huge potential of nature as a distinctive and essential 
component, considering the cosmetic industry one of the main 
stakeholders. The research of new cosmetic actives is a process 
that involves the use of several types of chemical, biochemical, 
and molecular analyses to identify the true biological potential of 
these materials for humans, particularly if they are from a natural 
source. 

The application of high-throughput analytical methods such as 
transcriptomics and proteomics, associated with bioinformatic 
tools shows a huge potential to generate feasible and human-rel-
evant data in the exploration of these new materials. The integra-
tions of these tools are going to achieve the optimization of time 
and resources and can be extrapolated to dermatological research. 
In our work, we associated the results obtained from transcriptom-
ic assays with proteomic assays to identify the current potential 
use of raw materials with cosmetics applications relevant to hu-
mans. We were able to establish the most relevant biological path-
ways ingredients, as well as identify alternative uses within a der-
mal application scheme. Moreover, we find thresholds where the 
transcriptomic results are not relevant because these cannot be 
seen at the molecular level and are not noticeable for consumers. 
The development and breakthrough of Latin-American science 
and industry depends on the implementation of novel methodolog-
ical approaches that allows us to obtain more human data relevant 
in short time to give strong scientific support to new findings. That 
is why important to universalize access to these emerging technol-
ogies.

Presentation: Poster

mailto:Lilas@animalfreeresearchuk.org
https://data.europa.eu/doi/10.2760/80554
https://www.nature.com/articles/s41587-020-0687-9
mailto:lisethydiaz@belcorp.biz


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 240

371

Discovery of critical transcription 
factors in anthracycline-induced  
cardiotoxicity
Jelmer Faber, Juan Ochoteco Asensio, Nhan Nguyen, 
Florian Caiment and Twan van den Beucken 
Maastricht University, The Netherlands 

j.faber@maastrichtuniversity.nl 

Cancer treatment has drastically evolved throughout the years 
leading to an increasing number of cancer survivors. Anthracy-
clines (ACs) continue to play a prominent role in standard care ev-
er since their emergence in the 1960s. However, the clinical use 
of ACs is restricted due to dose-dependent cardiotoxicity that can 
ultimately result in heart failure, which is evident in up to 9% of 
AC-treated patients. Currently, there are no clinical biomarkers, 
and only one drug approved for treatment of antracycline-induced 
cardiotoxicity (AIC). Improved understanding of the biological 
mechanisms driving AIC can promote patient stratification strat-
egies and can help developing new and effective interventions to 
reduce AIC. 

Mechanisms underlying AIC are partly driven by changes in 
gene expression, governed by transcription factors (TFs). Here, 
we identified critical TFs controlling AC-induced gene expression 
changes from RNA-seq data generated from AC-treated cardiac 
microtissues. Affirmingly, a subset of these TFs is linked to car-
diotoxicity including TP53 and ATF3. Additionally, TFs not yet 
linked to cardiotoxicity (FOXO3, AHR and GATA2 among oth-
ers) were also identified. We selected 27 TFs for further investiga-
tion and their importance in AIC was functionally tested by RNA 
interference. Knock-down of FOXO3 sensitized cardiomyocytes 
two-fold to AC treatment and knock-down of GATA2 and AHR 
significantly dysregulated cardiomyocyte mitochondrial function. 
We are currently investigating the role of these TFs in controlling 
mitochondrial fitness, DNA damage, and apoptosis after doxoru-
bicin exposure. These efforts will aid in creating a better under-
standing of underlying biological mechanisms of AIC.
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A major point in the safety evaluation of cosmetic ingredients in-
cludes repeated dose toxicity testing, which is intended to address 
the most complex human endpoints. On this tenth anniversary of 
the full implementation of the animal testing ban for cosmetic in-
gredients in the EU, no alternative solutions are available to fully 
replace repeated dose toxicity testing. 

In the New Approach Methodologies and Next Generation Risk 
Assessment race, the main purpose is to determine the fate of 
chemicals after they potentially reach the systemic circulation and 
arising specific target organ/systemic toxicity coming from repeat-
ed exposure. 

In this context, it seems important for cosmetic industry to pri-
oritize the development of alternative methods on target organs 
and to develop promising tools for the contextualization of Gener-
ic Cellular Effects at the organ level. 

From the analysis of different in vivo studies data sources: lit-
erature, toxicity databases, Cosmos and internal toolbox, a me-
ta-analysis has been performed including various study types. 

Preliminary analysis demonstrates that most organs were not 
impacted by cosmetic ingredients. Furthermore, the top three most 
affected organs were the liver, the hematological/spleen system 
and kidneys although with markedly lower occurrence. From that 
exploration, we provided more comprehensive data regarding in-
fluence of parameters such as study length, cosmetics categories, 
or exposure route on in vivo behavior of ingredients. 

These results could be used to orient and justify the choice of 
models from both in vitro and in silico tools to increase systemic 
toxicity expertise and sustain decision making for safety evalua-
tion of new ingredients.
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As regulatory legislation mandate for hazard assessment of a large 
number of chemicals, testing for toxicity and bioconcentration has 
become more crucial. So, the attempts to develop non-animal and 
alternative bioassays, with a focus on the use of cells to replace 
in vivo fish toxicity tests, have increased, with focus on fish. The 
SPHERTOX project is assessing the rainbow trout (RT) hepatic 
3D spheroids model’s suitability as an alternative chronic toxici-
ty and bioconcentration method with enhanced comparability to 
in vivo test systems in fish. The hepatic 3D RT spheroid system is 
a novel cell model, requiring comprehensive morphological and 
physiological characterization. We, therefore, investigated the up-
take, disposition and toxicity of chemicals in spheroids by using 
a high-resolution multiphoton fluorescence microscopy (MFM). 
MFM was used to visualize cellular and subcellular responses 
during exposure to sublethal concentration of copper sulphate, 17 
β-ethinylestradiol, pyrene, 3,4-dichloroaniline and carbonyl cya-
nide m-chlorophenyl hydrazone. Namely, biomarkers for mor-
phology, area, diameter, sphericity, actin synthesis, cytoskeleton, 
lipid membranes integrity, bile canaliculi structures, DNA/ nucle-
us staining, viability, metabolic activity, oxidative stress were as-
sessed. Our findings suggest that the 3D spheroids maintain their 
morphological and physiological integrity, as well as viability for 
longer than five weeks post-isolation, with no signs of hypoxia at 
the core. Furthermore, transcriptomics and metabolomics are be-
ing explored to unravel the spheroids physiological complexi-
ty and potential use in chemical toxicity studies. The morpholo-
gy and physiological responses of RT hepatic spheroids observed 
suggest that this model has significant potential as a future toxicity 
screening tool for different chemicals.
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In the frame of its 3Rs program, Sanofi Vaccines has been develop-
ing and implementing in vitro antigenicity assays for potency as-
sessment of its vaccines. This applies both to new products under 
development as well as established products based on recombinant 
protein, bacterial subunit and inactivated viral antigens. In all cas-
es it is necessary to demonstrate the suitability of the new assays 
whether or not an existing method is already applied. 

After giving a few definitions, we will share some case studies 
for which suitability assessment has been successfully carried out 
for a replacement method of an existing in vivo potency assay al-
lowing for its regulatory acceptance and implementation for batch 
release and stability monitoring. We will then describe a standard-
ized process that has been defined encompassing monoclonal anti-
body/ligand characterization, reference standard selection, stabil-
ity indication studies, comparative studies with existing method, 
demonstration of capacity to measure consistently and to detect 
subpotent lots, leading to a standard submission package for new 
or established products. 

This standardized suitability demonstration approach intends to 
facilitate regulatory acceptance of in vitro potency testing using 
antigenicity assays worldwide. It is applicable to any product and/
or antigenicity assay and will be in particularly useful for vaccines 
containing diphtheria (D), tetanus (T) and acellular pertussis (aP) 
antigens which are still currently tested for potency with assays 
entailing the use of a large number of laboratory animals. 

 
This work was funded by Sanofi. 
Emmanuelle Coppens is a Sanofi employee and may hold shares  
and/or stock options in the company.
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Unlike every other G-7 country, Canada stands alone in having lit-
tle national protection for animals used in science. The Canadian 
Council on Animal Care (CCAC) – a non-profit organization dom-
inated by those engaged in animal experimentation and predicated 
upon voluntary compliance – has been tasked with oversight of its 
member organizations, which are largely confined to public facili-
ties and institutions. 

Using Ontario provincial inspection reports (the only province 
with legislation governing the use of animals in science), firsthand 
testimony from former animal care committee (ACC) members, 
information provided on the CCAC web site and the CCAC’s own 
data on how animals are used in research, this presentation will 
contrast CCAC claims about its mission and activities with the 
stark reality for animals in the many laboratories, testing facili-
ties and academic institutions that comprise CCAC membership. 
As an example, the CCAC states that “the animal care committee 
must be at the centre of the animal care and use program” and “act 
as a strong and visible advocate for the ethical and humane treat-
ment of animals under its care.” Yet an undercover investigation 
exposed mistreatment of research animals even though there was 
an in-house ACC. Freedom of information documents from Ontar-
io’s Ministry of Agriculture, Food and Rural Affairs exposed ab-
sent and dysfunctional ACCs. 

We ask – who is protecting research animals in Canada? 
The presentation will close with our recommendations on how 

Canada can bring about meaningful change on behalf of the mil-
lions of animals used in experimentation in this country.
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Progress in predicting teratogenic 
potential 10 years after  
the EU animal testing ban
Matthew Burbank1, Florian Gautier1, Nicky Hewitt2, 
Audrey Noel-Voisin1, Tanja Wildemann1, Anne Riu1, 
Ann Detroyer1, Typhaine Bringel1, Laurent Guillet-
Revol1, Lepopold Carron1, Marc Leonard1 and Gladys 
Ouédraogo1 

1L’Oréal Research & Innovation, France; 2Cosmetics Europe, Germany 

matthew.burbank@loreal.com 

On this tenth anniversary of the full implementation of the animal 
testing ban for cosmetic ingredients in the EU, there are still no 
alternative methods available to fully replace Developmental and 
Reproductive Toxicity (DART) testing. Therefore, research into 
reproductive toxicity and teratogenicity is a priority, with the over-
all objective of developing and evaluating New Approach Method-
ologies (NAMs) in an Integrated tested Strategy (ITS) for the eval-
uation of this endpoint for new ingredients. 

We conducted a review of NAMs representing various Ad-
verse Outcome Pathways involved in teratogenicity and evaluat-
ed which of these could be employed in an ITS to fill the gaps cur-
rently lacking. The objective is to develop a robust toolbox of end-
point assays which captures the cellular processes and signaling 
pathways underlying the key stages in teratogenicity. 

We present here the performance of three NAMs, alone and in 
combination, for their ability to correctly identify the teratogen-
ic potential of a panel of chemicals. The NAMs were the in silico 
DART QSAR model; the “devTOX quickPredict” assay and the 
Zebrafish Embryotoxicity Test. 

These NAMs, exhibited a good sensitivity and specificity, espe-
cially when outcomes from all three assays were combined or used 
in a decision tree approach for all chemicals. The latter appears 
to be an interesting predictive approach for evaluating the terato-
genic potential of chemicals. Future investigations include refin-
ing the assays outcomes regarding metabolism, new methods to 
obtain a robust toolbox for evaluating teratogenicity. Case studies 
using this toolbox will help building confidence in this approach.
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en New Approach Methods (NAMs) for Next Generation Risk As-
sessments (NGRAs) of cosmetics ingredients. From 2016 to 2022, 
Cosmetics Europe ran a science program via a consortium of 14 
member companies, the Long-Range Science Strategy (LRSS). 

The ambition of this program was to advance the science of 
safety assessment by mainly leveraging existing tools for deci-
sion-making and collaborating with relevant stakeholders. End-
points addressed were eye irritation, genotoxicity, skin sensitiza-
tion, ADME/tk and systemic effects. Case studies played a central 
role in LRSS as means to demonstrate how new approach method-
ologies (NAMs) could be used for safety assessment, identify gaps 
and serve as ways to establish a dialogue with stakeholders. 

Eye irritation, genotoxicity and skin sensitization are advanced 
but warrant support of the regulatory approval process. 

For systemic toxicity, a 10-step framework for read-across sup-
ported by NAMs was developed and an initial toolbox for low tier 
ab initio assessment was evaluated. 

With LRSS, a major step forward was accomplished in the use 
of new approach methodologies for the safety assessment of cos-
metics, and close dialogues were established with the Europe-
an Scientific Committee for Consumer Safety and the OECD on 
these developments.
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An avian 3D spheroid hepatic  
cell assay for monitoring bioactivity 
related to naphthenic acid 
contamination in wetlands near 
tailings ponds in  
the Athabasca Oil Sands Region
Laura Van Raalte1,2, Doug Crump2, Lukas Mundy2  
and Jason O’Brien2 

1Carleton University, Canada; 2Environment and Climate Change Canada, 
National Wildlife Research Centre, Canada 

Laura.VanRaalte@ec.gc.ca 

The Athabasca Oil Sands Region (AOSR) is a major source of oil 
for Canada and one of the largest bitumen extraction sites in the 
world. Bitumen extraction produces large volumes of waste called 
tailings, which have been shown to be toxic to various organisms 
due to the presence of naphthenic acids (NAs) and polycyclic ar-
omatic hydrocarbons. There is concern that surrounding tributar-
ies and wetlands are susceptible to leaching from the large con-
tainment ponds where tailings are stored (i.e., tailings ponds). 
The objective of the present study was to determine NA concen-
trations and in vitro bioactivity of extracts derived from passive 
samplers deployed in AOSR wetlands with varying proximity to 
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A human model of 
neurodegeneration – Human 
organotypic retinal cultures
Julie Sanderson1 and David Broadway1,2 
1University of East Anglia, United Kingdom; 2Norfolk and Norwich 
University Hospital, United Kingdom 

j.sanderson@uea.ac.uk 

An organotypic culture system has been established and character-
ised using human retina. Such cultures preserve retinal cytoarchi-
tecture and provide an experimental system that is clinically rele-
vant to study both neurodegeneration and neuroprotection in the 
retina. In glaucoma there is loss of retinal ganglion cells (RGCs), 
so the model was developed to assess degeneration of these cells. 
Human ocular tissue was provided by the East Anglian Eye Bank. 
Eyes donated for corneal transplant with additional consent for 
research were utilised. The retina was dissected from the globes 
within 24 h post mortem after removal of the cornea for transplan-
tation. Circular explants were taken from the paramacular area of 
the retina and cultured in DMEM/HamF12 with no addition of 
serum. RGC numbers were assessed using immunohistochemis-
try and quantitative PCR using RGC markers. Apoptosis was as-
sessed via TUNEL labelling. Individual explants were found to 
have equivalent numbers of RGCs enabling protocols with mul-
tiple experimental conditions to be used. The number of RGCs 
was found to be consistent across donors of different ages and post 
mortem duration (up to 30 hours). Experimental conditions mod-
elling pathophysiological stresses associated with glaucoma (ox-
ygen-glucose deprivation, glutamate, ATP) caused RGC degener-
ation, together with neuroprotective strategies, could be assessed. 
The model was found to be versatile and reproducible. Whilst the 
model was developed to assess RGC death in relation to glaucoma, 
it also has the potential for investigation of other retinal patholo-
gies. The major challenge has become access to the human ocular 
tissue, a key factor limiting research using this model.
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Science of cosmetics’ safety  
assessment
Gladys Ouédraogo 
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Cosmetics Europe (CE) has funded and driven comprehensive re-
search addressing the need for human-relevant and exposure-driv-
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Acute oral toxicity assessment  
of pesticides
Mariela Lenze1,2, Martina Benedetti1,2, Pedro 
Ramírez2, Julieta Roco1,2 and María Laura Gutiérrez1,2 

1Buenos Aires University, Argentina; 2CONICET, Argentina 

marielalenze@gmail.com 

Agencies worldwide have attempted to develop nonanimal ap-
proaches to predict acute systemic toxicity, but it remains a chal-
lenge yet. In Argentina, the rodent acute oral lethal dose (LD50) is 
demanded for products registration. However, local regulatory or-
ganisms and industries are willing to replace the in vivo assay. Our 
goal is to develop an integrated approach for acute oral toxicity as-
sessment of pesticides. The BALB/3T3 Neutral-Red Uptake Cyto-
toxicity Assay (OECD 129) was used to estimate the in vitro LD50 
values of 19 pesticides, which were provided by ATANOR S.C.A 
and GLEBA S.C.A along with their in vivo LD50 doses. In vitro/
in vivo datasets were classified as Extremely Hazardous (EH: < 
50mg/Kg), Moderately Hazardous (MH: 50-2000 mg/Kg) or Un-
likely Hazardous (UH: > 2000mg/Kg). None of the pesticides was 
classified as EH for both datasets. With the in vivo data 84% was 
classified as UH while 16% as MH. In the in vitro assay 11% was 
classified as UH while 90% as MH. The concordance was 26%, 
none of the in vitro LD50 values were underestimated and 74% 
was overestimated. In vitro results were integrated with the oral 
bioavailability of the active ingredients, predicted by SwissAD-
ME, which explains in vitro overestimations. In vitro classification 
is more conservative than in vivo one, most of the pesticides were 
categorized as UH with the in vivo data unlike the in vitro data that 
fell into the MH level. Integration of the in vitro assay and in silico 
tools represents a first step for the replacement of the in vivo assay.
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Reducing and replacing  
animal experiments: Europe needs 
a targets-based action plan
Laura Alvarez 
Cruelty Free International, United States 

Laura.Alvarez@crueltyfreeinternational.org 

Despite an oft-cited commitment to replace animal experiments in 
the European Union (EU), and widespread public unease about the 
scale and persistence of animal testing, there is no proactive strat-
egy to phase out all types of animal experiments in place. Each de-

tailings ponds. NA concentrations were determined using liquid 
chromatography-tandem mass spectrometry. Bioactivity was de-
termined in 3D spheroid-cultured chicken LMH cells by cytotox-
icity, EROD and gene expression assays. We detected elevated lev-
els of NAs in wetlands close to tailings ponds compared to refer-
ence wetlands. None of the extracts were found to be cytotoxic. 
Next steps include determining EROD activity to evaluate CYP1A 
induction and measuring gene expression using a chicken ToxChip 
PCR array. The ToxChip contains a curated list of toxicologically 
relevant genes. Bioactivity results will be used to estimate the rel-
ative avian toxicity of the extracts. Further, bioactivity data will be 
compared to NA concentrations to determine if they are capable of 
identifying NA contamination. Ultimately, we aim to demonstrate 
the utility of a non-animal, in vitro screening approach to enhance 
environmental monitoring efforts in a priority Canadian ecosys-
tem.
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NURA offers free training  
to advance new approach 
methodologies in 
toxicological assessment
Eryn Slankster-Schmierer 
Physicians Committee for Responsible Medicine, United States 

eslankster@pcrm.org 

Regulatory agencies worldwide are recognizing the need to shift 
from animal-based toxicological assessment to human specific 
new approach methodologies (NAMs). The NAM Use for Regu-
latory Application (NURA) program is an educational platform of-
fering free webinars and training series on various topics across 
regulatory toxicology. NURA aims to increase the use of hu-
man-specific in vitro and in silico approaches by raising awareness 
of new approaches and building confidence in their applications. 
The free platform allows scientists and regulators to present and 
ask questions to facilitate the shift to human-specific toxicologi-
cal assessment. 

NURA content includes the on-going DyNAMic Discussion 
series that receives an average of 248 live views per session. In 
addition, NURA curates multiple topic focused training series 
throughout the year on subjects such as PBPK, NICEATM’s Inte-
grated Chemical Environment (ICE), Medical Devices, and more. 
Since its 2018 inception, NURA has offered over thirty individual 
training sessions. In 2022, NURA hosted 14 of those sessions with 
a total of 2,425 live attendees. To increase accessibility, all NURA 
events are recorded and made publicly available for free at prcm.
org/NURA, where these archived videos received nearly 1,000 ad-
ditional views in 2022 alone.
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tion, while others could be due to unclear regulatory requirements 
or a lack of monitoring and enforcement. 

The RAT list is a useful tool to highlight animal tests that are 
long overdue for replacement, track trends across sectors and re-
gions, educate the public and lobby the relevant regulatory author-
ities to complete the replacement process once and for all, for both 
scientific and ethical reasons.

Presentation: Poster

397

Incorporating new approach 
methodologies into regulatory 
nonclinical pharmaceutical 
safety assessment
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Kenna2, Volker Lauschke10, Winfried Neuhaus11, Clive 
Roper12, Paul Watkins13, Jonathan Welch14 and Katy 
Taylor15 
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Kingdom; 9ImmuONE Limited, United Kingdom; 10Department of 
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Institute of Technology GmbH, Competence Unit Molecular Diagnostics, 
Austria; 12Roper Toxicology Consulting Limited, United Kingdom; 
13Division of Pharmacotherapy and Experimental Therapeutics, UNC 
Eshelman School of Pharmacy, United States; 14Newcells Biotech, United 
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Laura.Alvarez@crueltyfreeinternational.org 

New approach methodologies (NAMs) based on human biology 
enable the assessment of adverse biological effects of pharmaceu-
ticals and other chemicals. Currently, however, it is unclear how 
NAMs should be used during drug development to improve hu-
man safety evaluation. 

A series of five workshops with 13 international experts (regu-
lators, preclinical scientists and NAMs developers) were conduct-
ed to identify NAMs that could satisfy the specific needs of phar-
maceutical safety assessments and to discuss how they could be 
used in this context. Participants generated four maps of how ex-
isting NAMs can be exploited in the safety assessment of the liv-
er, respiratory, cardiovascular and central nervous systems. Each 
map shows relevant end points measured, tools used (e.g., cells, 
assays, platforms), and highlights gaps where further development 

cade passes with only slow, incremental change at a rate that could 
see animal experiments persist in Europe for the best part of an-
other century. The standard response is that we cannot end animal 
experiments until non-animal methods are in place, yet the accep-
tance of non-animal methods is impeded by the continued accep-
tance of animal testing methods. It’s a Catch-22 argument that Eu-
rope will remain trapped in unless the development, validation and 
use of non-animal methods is given leadership, funding and ur-
gency in the EU, and until we accept that we need to think be-
yond like-for-like replacements and towards a fundamental change 
in approach. 

In this presentation, we make the case for a targets-based strat-
egy to phase out all animal tests across the EU. We explain why 
the existing Directive on the protection of animals used for scien-
tific purposes (2010/63/EU) is not sufficient and provide sugges-
tions for change. We calculate how many animals could be saved 
if reductions were made in particular areas of testing, and suggest 
legislative, political and funding commitments that could be made 
to achieve these reductions. Finally, we provide some concrete ac-
tions that the European Commission, member states and other or-
ganisations could take – many immediately – to bring animal test-
ing to an end.
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The RAT list: A tool for  
highlighting areas of animal use  
ready for replacement
Laura Alvarez 
Cruelty Free International, United States 

Laura.Alvarez@crueltyfreeinternational.org 

It may be commonly assumed that animal tests that have subse-
quently been replaced with non-animal alternatives no longer oc-
cur, or at least rarely. The reality is that such animal tests can per-
sist and even increase long after the adoption of suitable alterna-
tive methods. In an effort to draw attention to this issue, Cruelty 
Free International has been closely tracking a number of animal 
tests over the last seven years to identify the scale and cause of this 
phenomenon. 

We created the Replace Animal Tests (RAT) list to highlight ten 
regulatory animal tests that are still conducted despite having val-
id non animal replacements. This list includes the rabbit pyrogen, 
skin and eye irritation and skin sensitisation tests as well as anti-
body production and various batch safety tests. 

In the latest version of the RAT list, we provide evidence that 
these tests are still being conducted and elucidate the main reasons 
for their continued use. Some reasons are well understood, such 
as the desire for international harmonisation before absolute dele-
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Sustainable pyrogen testing: 
Alternatives to compendial assays  
using animals
Allen Burgenson 
Lonza Walkersville, Inc., United States 

aburgenson1@aol.com 

Compliance to regulatory requirements necessitates testing of par-
enteral preparations and medical devices for pyrogenic substances 
that may induce life threatening fever reactions in a patient. Tradi-
tional pyrogenicity tests applied globally include the animal-based 
rabbit pyrogen test (RPT) as well as the bacterial endotoxin test 
(BET), both tests are critically dependent on natural resources, 
either a living rabbit for the RPT, or the blood cells of the North 
American horseshoe crab, Limulus polyphemus (LAL), and the en-
dangered Asian horseshoe crabs, Tachypleus tridentatus or T. gigas 
(TAL). The worlds’ increasing concerns with ethics of using exper-
imental animals, and efforts to protect natural resources, coupled 
with an ever-increasing testing demand caused by the amount of 
pharmaceutical product testing, led regulatory agencies and phar-
maceutical companies to develop and acknowledge in-vitro test 
systems minimizing such dependencies. In this presentation we re-
view suitable in vitro replacement tests for pyrogen testing that are 
acknowledged by worlds’ pharmacopeia for ensuring patient safety.
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on appropriations legislation
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The United States Congress has incredible influence over federal 
agencies through Appropriations legislation, which offers an annu-
al opportunity to better integrate nonanimal methods in regulatory 
policy and reduce animal use in federally funded research and test-
ing. By enacting Appropriations laws, which provide annual fund-
ing for agencies, Congress can allocate funding to support the de-
velopment and use of nonanimal methods. Congress can also in-
clude provisions to advance animal-free policy making via report 
language; although report language is not a legal mandate, it can 
have a major impact on agencies’ policies and spending priorities. 

and validation of NAMs remains necessary. Each map addresses 
the fundamental scientific requirements for the safety assessment 
of that organ system, providing users with guidance on the selec-
tion of appropriate NAMs. 

In addition to generating the maps, participants offered sugges-
tions for encouraging greater NAM adoption within drug develop-
ment and their inclusion in regulatory guidelines. A specific rec-
ommendation was that pharmaceutical companies should be more 
transparent about how they already use NAMs in-house. 

As well as giving guidance for the four organ systems, the maps 
provide a template that could be used for additional organ safety 
testing contexts. Moreover, their conversion to an interactive for-
mat would enable users to drill down to the detail necessary to an-
swer specific scientific and regulatory questions.
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Staying on track: Chemicals 
regulation and a roadmap for 
phasing-out animal testing
Emma Grange 
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The European Commission and the European Chemicals Agen-
cy have committed to the development of a roadmap toward the 
full replacement of animal testing under the chemical’s legisla-
tion. Such a roadmap has the potential to achieve a lot, including 
identification of what is needed to enable the use of non-animal ap-
proaches, and focusing efforts on new method development and 
their regulatory integration. 

The European Commission are working to revise the key chem-
ical regulations, a substantial undertaking despite the targeted na-
ture of the intended revisions. 

We will present the steps that can be taken now which will reduce 
the long-term burden of revising chemicals legislation and will en-
sure that chemicals regulations are always in-step with the course 
set by the roadmap toward the full replacement of tests on animals.
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spheroids process is possible and the reduction of FBS could retard 
the process. Different approaches have been made to improve the 
spheroids formation using smaller FBS concentration. The adop-
tion of animal-free cell culture conditions could lead to a more re-
producible in vitro research.
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The use of liver and embryo  
zebrafish cell lines (ZFL and ZEM2S) 
as alternative methods to fish  
acute toxicity and fish embryo  
toxicity tests
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Oliveira1, Tainá Wilke Sivek1, Andrezza Di Pietro 
Micali Canavez2, Natalia de Albuquerque Vita de 
Abreu2, Desiree Cigaran Schuck2, Marta Margarete 
Cestari1, Cynthia Bomfim Pestana1 and Marcio 
Lorencini2 

1Graduate Program in Genetics, Department of Genetics, Federal University 
of Paraná (UFPR), Curitiba, Paraná, Brazil; 2Grupo Boticário, Safety 
Assessment Management, São José dos Pinhais, Paraná, Brazil 

iris_doris.91@outlook.com 

The adoption of a new method to assess acute toxicity in fish us-
ing RTgill-W1 cell line (OECD TG 249) raises questions about us-
ing other fish cell lines to increase the alternative methods avail-
able for ecotoxicity testing. We investigated the use of two ze-
brafish (Danio rerio) cell lines (adult liver: ZFL; blastula phase: 
ZEM2S) as alternative methods to the acute fish toxicity (AFT) 
and the fish embryo toxicity (FET) tests. ZFL and ZEM2S cells 
in 96-well plates were exposed to twelve different proficiency test 
chemicals with different modes of action, and four cytotoxicity as-
says were performed in triplicates (MTT, Alamarblue, CFDA-AM, 
and Neutral red). For in vitro-in vivo comparison, the logIC50 of 
the test chemicals obtained by each cytotoxicity assay were com-
pared, by linear regression, with the logLC50 values of AFT (96 h) 
and FET tests (48 and 96 h) obtained in the literature. There was 
no statistical difference between the results obtained by the dif-
ferent cytotoxicity assays. The ZFL cell line had a higher correla-
tion to fish in vivo/embryo test (R² = 0.90-0.91) than the ZEM2S  
(R² = 0.64-0.81). Using the regression equations, we transformed 
the IC50 values into LC50 values and compared the accuracy of 
classification in US EPA hazard classification for aquatic life. The 
ZFL had 75% and 88.88% accuracy in the classification consider-
ing AFT and FET data, respectively. While ZEM2S had low accu-

Successful lobbying strategies to secure Appropriations language 
that favors nonanimal approaches include building relationships 
with staff in animal-friendly offices, targeting advocacy toward de-
cision-makers on the correct committee, messaging issues persua-
sively for target offices, and persistently building on prior efforts. 
In recent years, relevant funding allocations have included $5 mil-
lion for the Food and Drug Administration (FDA) to reduce animal 
use across the agency, and $3 million for implementing the FDA’s 
Predictive Toxicology Roadmap. Numerous examples of report 
language have made progress toward the adoption of nonanimal 
methods, including encouragement for the Environmental Protec-
tion Agency to continue supporting nonanimal methods for chemi-
cal safety testing and support for FDA’s qualification of nonanimal 
methods for use in drug development. Engaging with Congress on 
Appropriations legislation can effectively lead to improved integra-
tion of nonanimal methods in agency policies and practices.
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HaCaT and human fibroblasts 
spheroids: Strategies  
to reduce FBS in cell culture
Lohanna Luciyanla Kakuda1, Jéssica Nascimento da 
Silva Pinto1, Newton Andreo-Filho1, Vania Rodrigues 
Leite-Silva1,2 and Patricia Santos Lopes1 
1Instituto de Ciências Ambientais Químicas e Farmacêuticas, Universidade 
Federal de São Paulo, Diadema, SP, Brazil; 2The University of Queensland, 
Australia 

lohanna.kakuda@unifesp.br 

Cells communicate better when they are at a 3D model, mimick-
ing the in vivo situation, interacting with an extracellular matrix 
in a three-dimensional architecture. Although 2D cell cultures are 
still the most used ones to assess chemical cytotoxicity they do not 
replicate the cell-cell connections and the cell-extracellular matrix 
interactions so the spheroid model has been used to replace un-
necessary animal experimentations, as they could be formed by 
single-cells or multicellular. In addition to use the spheroids an-
other current research nowadays is the use of cell culture using 
animal-free culture media. In this context we proposed the con-
struction of a HaCaT and human fibroblasts spheroid formed by 
spontaneously process at a non-adherent U-bottom shaped plates, 
using progressively smaller concentrations of fetal bovine serum 
(10, 7.5 and 5%), evaluating the quality of the formed spheroids 
by viability parameters and whether FBS deprivation could delay 
its formation. The results so far shows that the auto assembling 
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Evaluating the skin sensitization 
potential of two endocrine- 
disrupting chemicals using  
in silico-in vitro test approach
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Firman3, Anderson Joel Martino Andrade1, Daniela 
Morais Leme1,4 and Emanuela Corsini2 
1Federal University of Paraná, Brazil; 2Università Degli Studi di Milano, 
Italy; 3Liverpool John Moores University, United Kingdom; 4National 
Institute for Alternative Technologies of Detection, Toxicological 
Evaluation and Removal of Micropollutants and Radioactives (INCT-
DATREM), Institute of Chemistry, Araraquara, SP, Brazil 

isis.dorisrs@hotmail.com 

Endocrine-disrupting chemicals (EDCs) are primarily investigated 
regarding reproductive and developmental toxicity effects; how-
ever, EDCs can significantly alter the immune response. In this 
study we investigated the skin sensitization potential of two EDCs 
currently marketed: 4-octylphenol (OP, CAS 1806-26-4), an al-
kylphenol used for producing phenolic resins, lacquers, cleaning 
products and pesticides; and a mixture of consisting of diisopentyl 
and dipentylphthalates (PeP, CAS 84777-06-0), used as a plasticiz-
er. In silico tools were used together with several in vitro tests in-
cluding HaCaT cells (quantification of IL-6; IL-8; IL-1α and IL-18 
by ELISA), RHE model (quantification of IL-6; IL-8; IL-1α and 
IL-18 by ELISA) and the THP-1 activation assay (CD86/CD54 ex-
pression and IL-8 release). Whereas in silico tools (OECD QSAR 
Toolbox, Toxtree, VEGA) predicted OP as a sensitizer, PeP was 
predicted as a non-sensitizer. OP clearly activated keratinocytes 
(increased IL-6 in HaCaT cells and IL-18 and IL-8 in RHE model), 
while PeP demonstrated potential to activate keratinocytes only in 
the 2D cell system (increased IL-6 and IL-8 in HaCaT cells). Both 
tested EDCs activated dendritic cells (OP and PeP increased CD54 
and IL-8 expression in THP-1). Overall, the present study showed 
effective use of an in silico-in vitro test approach to investigate the 
role of OP in the key events (KE) of the skin sensitization Adverse 
Outcome Pathway (AOP). However, PeP showed conflicting re-
sults, as important skin sensitization markers were absent both in 
vitro and in silico analyses.
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racy (41.66-66.66%) considering AFT and FET data. We conclude 
that ZFL is a promising cell line for use as an alternative method to 
fish in ecotoxicity studies.
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numbers at U.S. Government-
funded laboratories
Ryan Merkley 
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In contrast to many other western nations, the United States gov-
ernment does not accurately collect numbers of all vertebrate an-
imals used in research or publicly disseminate the limited statis-
tics it currently gathers. While the U.S. Department of Agriculture 
(USDA) makes annual reports from individual research facili-
ties available via its website, these figures represent only Animal 
Welfare Act-covered species, excluding most rats and mice, many 
birds, and all cold-blooded animals. National Institutes of Health 
(NIH) animal welfare policies apply to all vertebrates, but unlike 
USDA’s annual reporting requirement for the total number of an-
imals bred or housed as well as those used in experiments, NIH 
requires an “approximate average daily inventory” of animals ev-
ery four years. Using the federal Freedom of Information Act, we 
spent more than 12 months collecting 822 forms reported to NIH’s 
Office of Laboratory Animal Welfare that represent animal use at 
1,057 individual U.S. laboratories. Our analysis of the records re-
veals that more than 18.5 million vertebrates are held in U.S. fa-
cilities at any given time. However, many laboratories fail to ac-
curately complete the existing form, resulting in the reporting of 
cages, tanks, or racks instead of animal numbers. We will present 
on the inconsistencies we found, and the significant effort need-
ed to obtain these data. We will also recommend policy chang-
es to increase transparency around the use of animals in govern-
ment-funded laboratories, including current efforts we are under-
taking with members of the U.S. Congress.
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Background / Rationale / Objective: Enhanced production of en-
gineered nanomaterials (ENMs), namely, silica nanoparticles 
(SiNPs) with attractive physicochemical properties and conse-
quent applications (e.g. construction materials, cosmetics, food, 
biomedicine) lead to the likelihood of environmental/human ex-
posures causing health concerns. Health risk assessment of ENM 
exposures require toxicity information. Currently, toxicity mecha-
nisms underlying the ENM amorphous SiNP exposures are poorly 
understood, especially, for nanoforms. Meanwhile, application of 
proteomics in health and disease is gaining interest. Yet, proteom-
ic analysis in chemical toxicity testing for health risk assessment 
is limited. The objective of this work was to apply high-content 
proteomics to identify SiNP nanoform(s) exposure-related toxicity 
mechanisms to support health risk analysis. 

Experimental approach: A549 human lung epithelial cells 
and J774 mouse monocyte/macrophage cells were exposed to 
well-characterized amorphous SiNPs (dose: 0-100 µg/cm2) of 
varying sizes (15, 30, 75 and 100 nm) and surface properties (-C3-
COOH, -C11-COOH, -NH2 and -PEG) and secreted/cellular pro-
tein responses were analysed by affinity-based protein array and 
LC-Orbitrap mass spectrometry analysis. In addition, cellular cy-
totoxicity (LDH-cell membrane integrity; CTB reduction-cell vi-
ability; ATP production-energy metabolism) and oxidative stress 
(GSH/GSSG) status were assessed. 

Summary of findings: SiNP nanoform-specific expression 
changes in cytoplasmic/membrane/mitochondrial and secreted 
proteins provided information on SiNP-cell interactions, perturba-
tions in cellular metabolism and inflammatory pathways consis-
tent with findings on cellular cytotoxicity and oxidative stress. Al-
so, size, surface groups and agglomeration appeared to be key de-
terminants of cellular cytotoxicity. 

Conclusion: These findings demonstrate the value of proteom-
ics in identifying ENM exposure-related toxicity mechanisms that 
can enable adverse outcome pathway construction to support risk 
analysis.
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Investigation of the potential of chemical substances to cause 
DNA damage and alter epigenetic markers is fundamental since 
these events play a key role in cancer development and progres-
sion as well as other human diseases. 4-Octylphenol (OP) is an al-
kylphenol with surfactant properties presented in cleaning prod-
ucts and pesticides and widely recognized as an environmental 
contaminant, being currently detected in soil and water samples. 
OP is already recognized as an endocrine-disrupting chemical 
(EDC) with estrogenic activity; however, little is known about its 
potential to cause transient and permanent changes in DNA. Thus, 
in this study, the potential of OP to cause genotoxicity and alter the 
global DNA methylation pattern was evaluated by in silico tools 
(QSAR Toolbox, VEGA, Toxtree) and in vitro tests with the Ha-
CaT cell line (immortalized human keratinocyte cell line). In silico 
tools predicted OP as non-genotoxic. The in vitro results showed 
that OP (0.5-50 µg/mL – non-cytotoxic concentrations) signifi-
cantly induced γ-H2AX (a double-strand breaks biomarker) and 
increased the levels of 5-methylcytosine; both biomarkers quan-
tified by flow cytometry. Additionally, OP significantly increased 
the generation of intracellular oxygen species (ROS, H2DCFDA 
by flow cytometry). All the described effects were verified at the 
lowest tested concentration. Overall, our results pose concern re-
garding the potential of OP in altering the genetic material of hu-
man cells. Therefore, further investigation is needed to better un-
derstand the mechanism of action of this chemical substance on 
the DNA.
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The European Health Union also addresses the importance to har-
vest lessons from the coronavirus pandemic improving at EU-level 
protection, prevention, preparedness and response against human 
health hazards. It also aims at strengthening EU presence globally, 
through the EU Global Health Strategy, which guides EU actions 
for better preparedness and response in the world. Although knowl-
edge from previous SARS infections has been instrumental, not all 
specific SARS-CoV-2 features have been clarified nor are the un-
derlying molecular and cellular mechanisms fully understood. 

It is therefore necessary to understand in detail the dynamics and 
kinetics of the SARS-CoV-2 virus and its subsequent viral dynam-
ics. The cellular immune response and specific cellular respons-
es to the pathogen can contribute to multi-organ dysfunction. The 
mechanistic understanding on modulators of the immune response 
and cell homeostasis balance and specific risk factors is critical 
to understand the systems biological processes. Cross-communi-
ty research on SARS-CoV-2 is essential to understand its detailed 
pathophysiology. Greater investment and innovative methodolog-
ical approaches are needed to accelerate and continue knowledge 
gathering on SARS-CoV-2 in all the aspects of the disease. The 
ambition of the health crisis response work at the European Com-
mission Joint Research Centre is to build according to the CIAO 
scientific crowd sourcing example (https://joint-research-centre.
ec.europa.eu/eu-reference-laboratory-alternatives-animal-test-
ing-eurl-ecvam/ciao-modelling-pathogenesis-covid-19-using-ad-
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Hepatic stellate cells (HSCs) are key contributors to liver fibro-
sis through excessive production of extracellular matrix (ECM) 
during chronic inflammation. However, studying HSC function 
has been challenging due to the difficulty of obtaining quiescent 
HSCs in vitro, as they spontaneously activate when cultured on 
plastic plates. Recent advances in stem cell technology have al-
lowed for the generation of quiescent-like HSCs from human in-
duced pluripotent stem cells (hiPSCs), whose expansion capabili-
ty is unlimited. However, these differentiated quiescent-like HSCs 
(iqHSCs) also become activated when cultured using convention-
al method. 

In this study, we developed a culture method to maintain such 
iqHSCs in a lowly activated state for up to 5 days by optimizing 
their physical microenvironment. The physical environment of 
iqHSCs in vitro was optimized by manipulating three distinct pa-
rameters: mechanical stiffness, ECM composition, and culture di-
mensionality (2D/3D cultures). For the ECM composition, colla-
gen I and Matrigel were utilized, with the latter being known to 
potentially reverse activated HSCs to less activated state. 

We demonstrated that embedding iqHSCs in a soft hydrogel 
made of collagen I or Matrigel significantly inhibited their spon-
taneous activation in vitro. Additionally, iqHSCs in an embedment 
culture with collagen I hydrogel showed the ability to convert to 
an activated state in response to stimulation of TGFβ1. Hence, our 
culture method can be used to generate HSCs with functions com-
parable to that in a healthy liver, paving the way to develop accu-
rate in vitro liver models that can fully recapitulate HSC activation 
for pathogenesis studying and drug development.
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rective actions put in place to mitigate reoccurrence. Despite insti-
tutional and federal oversight, the data show chronic and repeated 
violations of animal welfare guidelines at leading research insti-
tutions, with little enforcement or consequential action taken by 
oversight bodies to ensure compliance with these laws.
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– The preliminary practice of 
visually immersive alternatives 
to animal testing
Jie-Long He1,2, Chuan-Ching Lai1,2, Chun-Hung 
Yang1,3, Wei-Lian Qi1, Chia-Kang Peng1, Chiu-Chen 
Huang1, Yen-Li Huang1 and Chi-Hsien Chien1 

1Department of Post-Baccalaureate Veterinary Medicine, ASIA 
University, Taiwan; 2Laboratory Animal Center, ASIA University, Taiwan; 
3Institutional Animal Care and Use Committee, ASIA University, Taiwan 

d93b47202@ntu.edu.tw 

The development of Alternatives to Animal Testing (AAT) tech-
nology based on Replacement, Reduction, and Refinement is the 
direction of the global scientific community’s efforts in recent 
years. Our project uses the existing metaverse technology to solve 
critical problems in AAT, such as laboratory animal facility guid-
ance, basic maintenance training, and mouse-precise experimental 
operations. It can create opportunities for interdisciplinary integra-
tion of laboratory animal medicine and metaverse technology. Our 
strategies are as follows: Constructing a VR experimental mouse 
room, Existing facilities using augmented reality (AR) technolo-
gy to optimize operation training, Immersive VR technology ap-
plied to precise mouse experiment operations, and Promoting AAT 
with VR and AR technology. Our project combines the expertise 
in establishing an experimental animal center, mouse operation of 
the monoclonal antibody production process, and cross-field AAT 
technology development to explore the possibility of applying 
the existing metaverse virtual reality (VR) technology to promote 
AAT in Taiwan. We believe the prototype of the immersive expe-
rience for laboratory animal operation can be a forward-looking 
and exemplary next-generation animal operation training without 
trauma.
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verse-outcome-pathway-framework_en) a Science and Technolo-
gy platform linking scientific domain knowledge, epidemiology, 
toxicology, bioinformatics, molecular modelling and biomedical 
ontologies, to support prevention, preparedness and response to 
(one)health burdens and threats through data science and digital 
transformation. 
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In the U.S., the Animal Welfare Act (AWA) is the only federal 
law with legally enforceable standards that governs the treatment 
of animals in laboratories. However, this law excludes most an-
imals used in laboratories – notably, mice of the genus Mus, rats 
of the genus Rattus, amphibians, reptiles, fishes, birds bred for 
experimentation, and agricultural animals used in agricultural ex-
periments. A different U.S. law – the Health and Research Exten-
sion Act (HREA) of 1985 – mandates that institutions that receive 
federal funds must comply with federal policies, principles, and 
guidelines in their treatment of all vertebrate species used in ex-
perimentation, testing, and training – including AWA-exempted 
species. 

While the U.S. Department of Agriculture conducts inspections 
of laboratories to try to ensure compliance with the AWA, com-
pliance with the HREA of 1985 is based on a system of trust and 
self-reporting. In particular, institutions that deviate from federal 
animal welfare guidelines must self-report such incidents to the 
National Institutes of Health’s (NIH) Office of Laboratory Animal 
Welfare (OLAW). 

Using noncompliance reports submitted to OLAW by the top 25 
institutional recipients of NIH research funds, this study analyzes 
self-reported animal welfare violations between 2018 and 2022. 
We consider the most common violations, and the remedial or cor-

mailto:d93b47202@ntu.edu.tw
https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/ciao-modelling-pathogenesis-covid-19-using-adverse-outcome-pathway-framework_en
https://doi.org/10.1039/9781839163647-00455
https://doi.org/10.3390/cells11193027
https://doi.org/10.3390/jcm11154464
https://doi.org/10.3390/cells11213411
https://doi.org/10.3390/jcm11185400
mailto:alkac@peta.org


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 252

426

Colon epithelium barrier  
with vascularized crypts to model 
inflammatory bowel disease
Alexander Sotra1, Kimia Asadi Jozani1 and Boyang 
Zhang1,2 

1School of Biomedical Engineering, McMaster University, Hamilton, ON, 
Canada; 2Department of Chemical Engineering, McMaster University, 
Hamilton, ON, Canada 

sotraa@mcmaster.ca 

Inflammatory bowel disease (IBD) is a complex, debilitating ill-
ness primarily affecting the colon. To better study the disease and 
develop treatments, engineered in vitro models with colon-specif-
ic physiological features are needed to complement animal mod-
els. Current colon models lack integration of colonic crypt struc-
tures with underlying perfusable vasculature. Microvasculature 
is important to incorporate in colon tissues as crosstalk between 
colon and blood vessel cells is implicated in disease progression. 
We present a colon epithelium barrier model with patterned vas-
cularized crypts that recapitulate relevant cytokine gradients in 
both healthy and diseased conditions. Using our previously pub-
lished IFlowPlate384 platform, we first imprinted crypt topogra-
phy on fibrin gels using a highly scalable 3D printed stamp with 
100% accuracy. Crypts are then populated with colon cells, and 
we observe proliferative cells spontaneously localized to the crypt 
niche, just like in native tissue. Colon cells differentiated in our 
model into epithelial barriers with a tight brush border. Toxicity of 
the chemotherapeutic drug capecitabine, was tested and showed a 
dose-dependent response and recovery from crypt-patterned colon 
epithelium. Perfusable self-assembled microvasculature were then 
incorporated around the colon crypts followed by treatment with 
pro-inflammatory TNFα and IFNγ cytokines to model IBD condi-
tions. We found in vivo-like stromal basal-to-apical cytokine gra-
dients in tissues with vascularized crypts while IBD vascularized 
colon tissues provided cytokine cues to instruct immune cell re-
cruitment. Taken together, we demonstrated crypt topography in-
tegrated with underlying perfusable microvasculature has signifi-
cant value for emulating colon physiology and in advanced disease 
modelling.
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The extracellular matrix (ECM) modulates migration, prolifera-
tion, differentiation, and survival by serving as a molecular res-
ervoir and structural scaffold. Different proteins like collagen and 
Elastin play mostly structural roles, while glycoproteins like Fi-
bronectin (FN) and Laminin provide connections that stabilize the 
ECM and mediate cell-ECM and ECM-ECM. The ECM in differ-
ent tissues plays various roles; in stem cell niche maintains tissue 
regeneration, whereas tumor-derived ECM plays a critical role in 
oncogenesis and establishes metastasis, promotes cancer cell pro-
liferation, migration, invasion, angiogenesis, and immune eva-
sion. As some cancers like melanoma are too resistant to all reg-
ular cancer treatments, it would be interesting to study the ECM 
components’ effect on normal cells like melanocytes to design bet-
ter treatments in such cases. FN is an ECM component assembled 
in tissue development and wound healing and contains multiple 
domains to bind several ECM proteins, growth factors, and small 
molecules. FN is also considered in the cancer context as it sup-
ports proliferation by different mechanisms that reduce sensitivity 
to apoptosis signals and promote cell cycle progression. Current-
ly, We applied FN as a substrate to investigate its impacts on hu-
man epithelial melanocytes, their melanogenesis, and their func-
tional characteristics. Our results indicated the increased expres-
sion of MITF and Tyrosinase in the presence of FN, leading to the 
ascendant amount of melanin production. Moreover, improvement 
in migration and adhesion ability caused by the interaction with 
FN indicates new horizons in studying the effect of ECM on can-
cer treatment strategies, which may be the blocking of the ECM-
cell interaction.
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It’s already known that some UV filters can damage coral reefs 
and marine life and some marine organisms, and their metabolites 
can be a source of new UV filters and antioxidants. However, their 
safety and efficacy need to be proved; thus, we evaluated the safety 
and efficacy of compounds and fraction from antarctic fungus As-
pergillus sydowii through new approach methodologies to animal 
experimentation. 

The crude extract was subjected to fractionation using vacuum 
liquid chromatography (VLC) and compounds were isolated from 
these fractions using HPLC-DAD method. Photostability was 
evaluated under 9 J/cm2 UVA radiation. For the safety parameter, 
the phototoxic (OECD TG 432) and irritant (HET-CAM) poten-
tials were evaluated. For the efficacy parameter, the antioxidant 
activity was obtained by UVA-induced ROS production in HaCaT 
cells and in house reconstructed human skin (RHS) model. 

One of the studied fractions and its isolated compound present-
ed a broad-spectrum ultraviolet radiation and were considered 
photostable. Both samples did not present any phototoxic (MPE: 
0.0475 and 0.093) nor irritant potential (HET-CAM score 0.25 and 
0.50). The fraction used at 1.0 μg/mL showed a statistically signif-
icant reduction in the generation of UVA-induced ROS produc-
tion when compared to the control (approximately 30% reduc-
tion). Thus, it is possible to conclude that the studied marine frac-
tion and the isolated compound can be a possible candidates for 
use in sunscreens since they present a broad-spectrum UV protec-
tion and protected from UVA-induced ROS production.
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In 2006 it was found that human induced pluripotent stem cells 
(hiPSCs) can be generated from somatic cells. Like human embry-
onic stem cells, hiPSCs can be maintained in culture indefinitely 
(self-renewal) and differentiate into virtually all cell types of the 
human body. Since they capture the genotype of the donor, hiPSCs 
are already used successfully for studying mechanisms of disease 
and for drug testing. However, the presence of residual, potential-
ly malignant cells among the cell population represents a serious 
safety issue and requires rigorous testing and identification of un-
suitable hiPSC lines beforehand. 

Importantly, long-term culture of hPSCs leads to their (epi)ge-
netic drift, potentially activating processes that resemble malig-
nant transformation as an adaptive mechanism to the culture con-
ditions. Malignant potential of hPSCs is not fully understood and 
its evaluation currently relies solely on the assessment of the cells’ 
behavior in vivo upon their engraftment into mouse models (Tera-
toma assay) where hPSCs either form benign teratomas or malig-
nant teratocarcinomas. However, the Teratoma assay is animal-de-
pendent, costly, time-consuming, and only qualitative and has 
never been standardized. 

Since the number of hPSC lines is steadily rising and (pre)clini-
cal studies need tumorigenicity testing, there is an urgent need for 
a new quantitative animal-free test. 

Our work shows data on development and validation an in vitro 
assay based on differentiation and microRNAs which can predict 
the tumorigenicity of hiPSCs and can therefore replace the in vivo  
assay.
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Stress plus chemical exposure may produce effects not observed 
with chemical exposure alone. Therefore, there is a need for new 
approach methods that can rapidly screen chemicals for their inter-
action with stressed biological systems, which will advance under-
standing of inter- and intra- individual susceptibility risk determi-
nation. We are developing a method for this using in vitro chemi-
cal screening by phenotypic profiling of human osteosarcoma cells 
that express fluorescent nuclear and cytoskeletal fusion proteins 
(U-2 OS_FP). These cells have glucocorticoid receptors, which 
is the target of the stress hormone, cortisol. To be able to estab-
lish cortisol concentrations during exposure, cells were first tran-
sitioned to a serum-free media. During this process, there was a 
decreased cell proliferation rate as serum, and thus cortisol, levels 
were decreased. Next, the U-2 OS_FP cells will be co-exposed to 
a mixture of cortisol and toxicants in a time-course dose-response 
screen to rapidly evaluate phenotypic changes in cell structure. We 
are screening 147 chemicals, including chemicals that are relevant 
to environmental justice (n = 73), impact the glucocorticoid recep-
tor (n = 22) or overlapping gene pathways (n = 25), are carcino-
genic (n = 20) or endocrine disruptors (n = 15), and/or induce cell 
stress responses (n = 13). These chemicals will each be evaluated 
for whether they have synergistic, additive, or antagonistic effects 
under conditions of low vs high stress (cortisol) levels. This re-
search will improve human in vitro modeling of how stress comor-
bidity may impact adverse outcomes from chemical exposure. The 
views are the authors’ and do not necessarily represent the views 
of the U.S.EPA.
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Insect repellents are considered safe, but there is an increase of 
their simultaneous use combined with UV filters. In the literature 
there are some studies that demonstrate interactions between UV 
filters and insect repellents. Thus, this study evaluated the photo-
mutagenic potential of UV filters and the insect repellent DEET 
combination in an in-house human skin model, based on Recon-
structed Skin Micronucleus (RSMN) assay. The combination of 
photounstable UV filters avobenzone, ethylhexyl methoxycin-
namate and octocrylene with DEET (UVF+D) were diluted in ses-
ame oil and applied onto in house reconstructed human skin mod-
els, as well as the positive control 8-methoxypsoralaen (8MOP). 
After 24 hours the skin models were irradiated and incubated with 
cytochalasin B until the isolation of the cells, that were dropped 
onto glass slides, stained and analyzed by fluorescence microsco-
py. It was observed that the treatment with positive control 8MOP 
showed statistically higher micronuclei values than the values of 
the vehicle sesame oil, considered non-photomutagenic. UVF+D 
presented intermediate values and was statistically equivalent to 
positive and negative controls. The percentage of binucleated cells 
observed on skin models treatments submitted or not to UV radi-
ation did not show any significant variation, as well as the cyto-
kinesis-block proliferation index (CBPI). DEET has no evidence 
of genotoxicity or photogenotoxicity according to TOXNET and 
HSDB platforms. However, there are some studies indicating that 
DEET can present mutagenic and genotoxic potential as well as 
DNA photodamage. In conclusion, the combination of DEET and 
UV filters presented signs of photomutagenicity that should be fur-
ther investigated.
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of epilepsy: Combining human data 
with computational modelling
Michaela Vranic-Peters, Isabelle Harris, Mark Cook 
and Andre Peterson 
University of Melbourne, Australia 

peterson@unimelb.edu.au 

Epilepsy is a debilitating disease characterised by seizures (abnor-
mal electrical activity). It is highly patient-specific where there is 
significant individualised variation between and within patients. 
The overwhelming majority of neuroscience research in epilepsy 
uses animal experiments. Animal models (typically mice & rats) 
are used to test hypotheses by artificially inducing epilepsy via 
drugs, invasive electrical stimulation, and genetic modification 
to produce seizures. Although there is a plethora of data generat-
ed, there is very little understanding of the underlying physiologi-
cal mechanisms. It is controversial whether seizure-like behaviour 
generated from animal models is even comparable to that found in 
a human brain in vivo. 

Purpose: We propose a combination of voluntary human da-
ta and computational modelling as a viable alternative to animal 
models of epilepsy. Specifically, we use photosensitive epilepsy in 
humans where a seizure-like response is triggered by a non-inva-
sive perturbation (strobing light source) and captured using elec-
troencephalography (EEG). This ubiquitous procedure is quite 
safe and routinely performed for epilepsy diagnosis. 

By mathematically analysing the brain’s electrical response to 
perturbation, we can gain clinically relevant insights into the na-
ture of seizure transitions in humans, without invasive techniques 
such as electro-stimulation used in animal models. Within this 
framework we are able to examine changes in brain state before 
a seizure transition, as well as quantify the individual variability 
within and between epileptic patients. 

This novel multidisciplinary approach moves away from tradi-
tional neuroscience research paradigms and aims to minimise and 
ultimately replace animal models with computational modelling 
of non-invasive human data.
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Acute toxicity and wound healing 
effect of Xanthium strumarium L. 
fruit using animal alternative testing
Eunsu Song and Jinah Hwang 
Myongji University, South Korea 

eunsu4979@gmail.com 

Xanthium strumarium L. (XS) fruit, as known as a cocklebur, has 
been used as a traditional medicine to treat nasal sinusitis, head-
ache, and arthritis due to its bioactive compounds such as glyco-
sides, phytosterols, and phenolic acids in China, America and Eu-
rope. Despite its potential clinical uses, most of the research has 
focused on its anti-cancer and anti-arthritis effects. In previous 
study, potential of XS fruit as cosmeceutical agent was confirmed 
increasing hyaluronic acid production and reducing pro-inflamma-
tory cytokines. The aim of this study is to investigate toxicity and 
wound recovery effect of XS fruit for further potential as cosme-
ceutical and pharmaceutical agents using animal alternatives mod-
els. To confirm its toxicity and wound recovery effect, C. elegans, 
reconstructed human epidermis, and various cell culture models 
were used for this study. 

Acute toxicity was confirmed by 3T3-L1 test and UVB-irradiat-
ed C. elegans. Although both XS fruits exerted skin wound heal-
ing effects, XS-K showed more effective wound closure rate than 
XS-C in skin reconstructed human epidermis model (RHE) as 
well as human dermal cells and co-cultured model. In conclusion, 
both XS fruits from Korea and China had rapid wound recovery in 
human dermal cells and RHE models and lower toxicity. Thus, XS 
fruit may be potentially applied in the area of cosmetic and phar-
maceutical industries due to its wound healing and lower toxicity.
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In silico-in vitro dermal toxicity 
evaluation of the flame-retardant 
aluminum diethylphosphinate
Enzo Silva1, Cynthia Pestana1, Daniela Leme1,2 and 
Daniela Morais Leme1 
1Federal University of Parana, Brazil; 2National Institute for Alternative 
Technologies of Detection, Toxicological Evaluation and Removal of 
Micropollutants and Radioactives (INCT-DATREM), Institute of Chemistry, 
Araraquara, SP, Brazil

enzozinis@gmail.com 

Organic flame retardants (FR) are chemicals applied to manufac-
ture different products to prevent or reduce the flammability of 
polymers and fabrics. Recent epidemiological studies have shown 
that dermal exposure is a relevant route of human exposure; howev-
er, little is known about the effects of FR on human skin. This study 
evaluated the dermal toxicity of a recently marketed FR, the alumi-
num diethylphosphinate (ALPI, CAS 225789-38-8), by an integrat-
ed in silico and in vitro test approach. Thus, skin irritation effects, 
changes in inflammatory cytokines expression profile (BD CBA  
Human Inflammatory Cytokine Kit in HaCaT cell line), and gen-
eration of intracellular reactive oxygen species (H2DCFDA in  
HaCaT cells) were the evaluated parameters. HaCaT cells exposed 
to non-cytotoxic concentrations of ALPI (0.12, 0.06, 0.03 mg/mL) 
did not induce intracellular ROS nor increased expression of the 
cytokines. The OECD QSAR Toolbox (v4.5) used mechanistic 
profilers associated to skin sensitization (protein binding potency 
Cys and Lys, alerts for skin sensitization; and keratinocyte gene 
expression). Neither profilers have shown the presence of alerts. 
These negative results agree with the lack of effect of cytokines 
IL-6 and IL-8, markers for skin sensitizers in the HaCaT model. 
However, ALPI has shown a skin irritant potential according to the 
OECD test method for skin irritation with RHE model, but ECHA 
reports no irritancy for in vivo assays. Actually is known that RHE 
models are more reliable to determine human skin irritation, but 
additional studies should confirm its lack of skin sensitization po-
tential and other inflammatory effects on human skin.
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Development of a defined approach 
for eye hazard identification of 
surfactants according to the three  
UN GHS categories
Els Adriaens1, Takayuki Abo2, Nathalie Alépée3, 
Arianna Giusti4, Jason Magby5 and Karsten R. Mewes6 
1Adriaens Consulting, Belgium; 2Kao Corporation, Japan; 3L’Oréal R&I, 
France; 4Cosmetics Europe, Belgium; 5Colgate-Palmolive, United States; 
6Henkel AG & Co, Germany 

adriaens.consulting@telenet.be 

The purpose of this study was to develop a defined approach (DA) 
for eye hazard identification according to the three UN GHS cat-
egories (Cat. 1: serious eye damage; Cat. 2: eye irritation and  
No Cat.: the absence thereof) for surfactants (DASF). The DASF 
is based on a combination of Reconstructed human Cornea-like 
Epithelium test methods (OECD TG 492; EpiOcular™ EIT and 
SkinEthic™ HCE EIT) and the modified Short Time Exposure 
(STE) test method (5-min exposure of 0.5% concentration of the 
test substance). 

In a first tier of the DA, an RhCE test method is used to distin-
guish No Cat. from classified substances. In case of a positive call 
based on a RhCE method, the modified STE method is used to dis-
tinguish Cat. 1 (viability < 20%) from Cat. 2 (viability ≥ 20%). 
The performance of the DASF was assessed by comparing the pre-
diction results with the UN GHS classification (based on historical 
in vivo data) and with the criteria established by the OECD expert 
group on eye/skin. 

In summary, 91.3% Cat. 1 (N = 23), 66.7% Cat. 2 (N = 9) and 
76.0% of No Cat. (N = 17) surfactants were correctly identified re-
sulting in a balanced accuracy of 78.0%. The percentage of correct 
predictions met the minimum performance values of 75% Cat. 1, 
50% Cat. 2, and 70% No Cat. established by the OECD experts. 
This DA, applicable to surfactants, demonstrated successful dis-
crimination between the 3 UN GHS categories for the identifica-
tion of eye hazards.

Presentation: Poster

mailto:enzozinis@gmail.com
mailto:adriaens.consulting@telenet.be


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 257

439

Evaluation of peptide-mycophenolic  
acid conjugates as  
new candidates for UV-filters
Maria da Graça Landim Bravo1, Hosana Maria 
Debonsi1, Silvya Stuchi Maria-Engler2, Eduardo 
Festozo Vicente3 and Lorena Rigo Gaspar1 
1School of Pharmaceutical Sciences of Ribeirão Preto, University of São 
Paulo, Brazil; 2School of Pharmaceutical Sciences, University of São Paulo, 
Brazil; 3School of Sciences and Engineering, São Paulo State University, 
Brazil 

maria.graca.bravo@usp.br 

Oxybenzone and other UV filters available on the market have 
some drawbacks to be considered, such as coral reefs bleaching 
and impairment to different types of marine life. Thus, there is a 
field for new natural origin UV filters and antioxidants to be dis-
covered, as well as new derivatives combining marine compounds 
and antioxidant peptides. The aim of this study was to determine 
the photoprotective and antioxidant potential of antioxidant hepta-
peptide conjugated with mycophenolic acid. The conjugates were 
synthesized by semi-synthesis reactions associating the mycophe-
nolic acid with peptides containing the amino acids tyrosine and 
tryptophan. UV absorption, photostability, phototoxicity (OECD 
TG 432), and irritation (HET-CAM assay) potentials were evaluat-
ed as well as antioxidant potential through the UVA-induced ROS 
(Reactive Oxygen Species) production in monolayer and RHS 
(Reconstructed Human Skin). The UV absorption analysis showed 
that both conjugates presented good absorption in the UVB re-
gion and synergistic effect of mycophenolic acid and peptide con-
jugates. The substances were considered photostable when sub-
mitted to irradiation of 27.6 J/cm2 and did not present phototoxic 
potential (MPE < 0.100). The conjugates did not present eye irri-
tation potential (HET-CAM assay). Regarding UVA-induced intra-
cellular ROS evaluation, it was observed that both the tyrosine and 
tryptophan conjugates showed a slight reduction in UVA-induced 
ROS production in the monolayer model and did not present any 
UVA protection in RHS. Thus, it is possible to conclude that my-
cophenolic acid conjugates are possible candidates for UV filters, 
especially in the UVB region.
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Uncertainty measurement  
of cytotoxicity index  
using OECD Document 129
Lorena de Oliveira Neves1,2, Bruno Carius Garrido3, 
José Mauro Granjeiro1,2 and Luciene Bottentuit López 
Balottin1,4 

1Postgraduate Program in Translational Biomedicine, University of Grande 
Rio, Rio de Janeiro, Brazil; 2Biology Coordination, Directory of Scientific 
Metrology and Technology, National Institute of Metrology, Technology 
and Innovation (INMETRO), Rio de Janeiro, Brazil; 3Chemistry Division, 
Directory of Scientific Metrology and Technology (DIMCI), National 
Institute of Metrology, Technology and Innovation (INMETRO), Rio 
de Janeiro, Brazil; 4Directory of Scientific Metrology and Technology 
(DIMCI), National Institute of Metrology, Technology and Innovation 
(INMETRO), Rio de Janeiro, Brazil 

lorenaneves.bio@gmail.com 

Despite the use of acceptance criteria in validated methods for 
safety tests, the evaluation of statistical uncertainties of the re-
sults and their impact on the reproducibility and reliability of 
these analytical tests is limited. Technical and operational varia-
tions in intra- and inter-laboratory settings can interfere with the 
results, and uncertainty measurement calculation is necessary to 
ensure accuracy and reliability. Measurement uncertainty is a pa-
rameter that characterizes the dispersion of the values that can be 
attributed to the measurement. We applied the Monte Carlo statis-
tical model to calculate the measurement uncertainty for sodium 
dodecyl sulfate’s (SDS) mean inhibitory concentration (IC50) 
using the OECD Guidance Document 129. An equation relat-
ing input and output quantities allowed for the development of 
the measurement model, using input quantities obtained from the 
certificates of the instruments used in the test. The Monte Carlo 
method allowed the identification of the contributions to the mea-
surement uncertainty of the IC50 and their confidence intervals 
for the in vitro cytotoxicity assay recommended in OECD GD 
129. The results obtained were in strong agreement. A mean IC50 
of 33.78 ± 1.5 μg/mL was obtained, with a standard uncertainty 
of 1.034 μg/mL and an expanded mean uncertainty of 2.027 μg/
mL for SDS, based on a historical series. Metrological evalua-
tions can benefit the reproducibility of new approach methodol-
ogies (NAMs) by providing scientists with better assessments of 
the quality and validity of their results. By quantifying the level 
of uncertainty associated with measurement, they can make in-
formed decisions based on the data they collect.
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French Center for 3Rs: Reaching  
scientists
Susana Gomez1,2, Doris Lou Demy1,2, Marc Le Bert1,3, 
Véronique Legrand1,2 and Athanassia Sotiropoulos1,4 
1GIS FC3R, EnvA, Maisons-Alfort, France; 2Inserm, Paris, France; 
3CNRS, UMR7355, Orléans, France; 4Inserm U1016, Institut Cochin, 
Paris, France 

susana.gomez@inserm.fr 

In 1959, the ethical 3Rs principle “Replace, Reduce, Refine” was 
developed by two scientists for scientists. However, 64 years lat-
er, it is still a challenge for 3R centers to make a direct impact on 
researchers with their daily work. The French Ministry of High-
er Education and Research and the leading operators of public re-
search created the French Center for 3R (FC3R), which priority is 
to encourage and implement the 3Rs in France through the promo-
tion of responsible and innovative research, education, and trans-
parent communication by targeting current and future generations 
of scientists specifically. To do so, the FC3R developed proactive 
strategies, engaging in concrete actions to federate a synergistic 
community around the researchers’ needs and goals. 

The FC3R is working to: 1) disseminate and develop training 
offers adapted to the specific needs of students and researchers; 
2) accompany researchers with their experimental design and the 
sharing of their unpublished/negative results through the creation 
of a dedicated platform; 3) communicate in regard to innovative 
non-animal methods, grants, the evolution of practices and reg-
ulations, but also recognize through interviews, conferences and 
awards stakeholders whose accomplishments lead forward pro-
motion and implementation of the 3Rs in France; 4) fund research 
projects: two calls were completed in 2022/23 rewarding col-
laborative initiatives federating the French scientific community 
around the 3Rs principle and projects promoting Replacement of 
the use of animals or animal-derived products in science. FC3R 
will also facilitate scientific collaborations between the academ-
ic and industrial research communities, in biology and chemistry.
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New data supporting recognition  
of evident toxicity in acute  
oral toxicity studies (OECD TG 420)
Fiona Sewell1, David Andrew2, Marco Corvaro3, 
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Horgan7 and Ian Ragan8 
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Kingdom; 7BIOSS, United Kingdom; 8Independent, United Kingdom 

fiona.sewell@nc3rs.org.uk 

Currently there are three Organisation for Economic Co-operation 
and Development (OECD) test guidelines for acute oral toxicity 
studies of substances or mixtures. TG 423 and TG 425 use lethality 
as an endpoint, while TG 420 replaces death with “evident toxici-
ty”, defined as clear signs that exposure to a higher dose would re-
sult in death. However, the subjective nature of “evident toxicity” 
may be preventing wider use of TG 420. To address this, the UK 
National Centre for the Replacement, Refinement and Reduction 
of Animals in Research (NC3Rs) and the European Partnership for 
Alternative Approaches to Animal Testing (EPAA) collaborated to 
provide recommendations on the recognition of “evident toxici-
ty”. Historical data from acute oral studies were analysed for clin-
ical signs at the lower dose that could have predicted death at the 
higher dose. Ataxia, laboured respiration, tremors and combina-
tions of signs such as nasal-ocular discharge and/or laboured res-
piration and/or ataxia and/or tremors are highly predictive. Leth-
argy, decreased respiration, nasal-ocular discharge and hunched 
posture have lower but appreciable predictive value. The data has 
been used to develop recommendations to promote use of TG 420 
and thus reduce the suffering and numbers of animals used in acute 
oral toxicity studies.

Submitted on behalf of the European Partnership for Alternative  
Approaches to Animal Testing (EPAA) acute oral toxicity task  
force. 
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System animal components-free  
for application in  
in vitro test toxicology
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José Mauro Granjeiro1,2
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In recent years, efforts have been made for ethical, technical, reg-
ulatory and economic reasons to reduce or replace the use of ani-
mals in testing chemicals and drugs. However, most of the in vi-
tro methods used as substitutes were validated containing inputs of 
animal origin; that is, we cannot consider that they replace 100% 
the use of animals. We are investigating the adaptation of human 
adherent cell lines for application in vitro toxicity tests based on 
animal-free chemically defined media. In preliminary analyses, 
NHK and HaCaT keratinocytes were cultured in medium with and 
without animal inputs. As a healthy culture control in chemical-
ly defined medium and animal product-free, we cultured keratino-
cytes (HEKa-APF). We evaluated the doubling time. During culti-
vation in T25 flasks (n = 3), the cell line HEKa-APF reached 100% 
confluence at 192 h, while the lines NHK and HaCaT were 100% 
confluent after 336 h. For these strains, the result was similar to 
cultivation with traditional medium (supplemented with bovine pi-
tuitary extract for NHK and supplemented with fetal bovine serum 
(FBS) for HaCaT) and morphological changes were not percepti-
ble by phase optical microscopy. More in-depth analyzes (viabili-
ty by MTT, analysis of expression of adhesion molecules, protein 
profile and ultrastructure) will be performed, with the aim of ap-
plying human fibroblasts adapted to OECD guideline 491, at first 
and then in other standardized methods that still use inputs of an-
imal origin.
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Efficient pain relief: Refinement  
of analgesia for  
transmitter implantation in mice
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Praveen Vasudevan1, Robert David3, Brigitte Vollmar1 
and Simone Kumstel1 
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University of Veterinary Medicine, Vienna, Austria; 3Department of Cardiac 
Surgery, University Medical Center, Rostock, Germany 
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Implementation of telemetry for monitoring of parameters such as 
ECG, body temperature and activity offers a precise way to mea-
sure physiological signals in freely moving animals in preclinical 
studies. The implantation of transmitters as a harmful surgical in-
tervention itself needs to be refined to minimize impact on further 
study outcome. 

Before and after transmitter implantation mice were treated 
with different analgesic compounds, administered continuously 
via drinking water. Animal welfare assessment was carried out by 
various databased, non-invasive methods such as distress score, 
burrowing behavior, nesting activity, perianal temperature, mouse 
grimace scale, water consumption, fecal corticosterone metabo-
lites and telemetric monitoring of ECG, body temperature and ac-
tivity. 

Initial treatment with metamizole and tramadol led to a tempo-
rary decrease in bodyweight whereas buprenorphine showed the 
opposite trend. After implantation of transmitters a lower stress re-
sponse and an accelerated recovery were observed in buprenor-
phine treated mice based on the welfare parameters distress score, 
bodyweight, water consumption, body temperature and activity, 
when compared to analgesic treatment with tramadol and metam-
izole. 

Buprenorphine as analgesic compound proved to be more effi-
cient in facilitating a sufficient recovery of mice after transmitter 
implantation, when compared to metamizole and tramadol.
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Education and training in laboratory 
animal science and the 3Rs – The 
contribution of ETPLAS free courses
Nuno Henrique Franco 
i3S, Universidade do Porto, Portugal 

nfranco@ibmc.up.pt 

The Education & Training Platform for Laboratory Animal Sci-
ence (www.etplas.eu) aims to improve and harmonize education 
and training on laboratory animal science and the 3Rs across Eu-
rope. ETPLAS issues recommendations, guidelines, and free re-
sources, the most popular being six e-learning courses, which de-
velopment was sponsored by the EU, and are free to access both in 
and outside Europe: “Design of Procedures and Projects” (EU-10 
and EU-11), “Project Evaluation” (EU-25), “Severity Classifica-
tion” (EU-12), “Searching for existing non-animal alternatives” 
(EU-52), and “Developing In-Vitro methods” (EU-60). Since their 
launch, +4500 registered users completed +6000 courses! To fa-
cilitate CPD recognition, completion certificates are issued, and 
estimation of completion time and course contents are available. 

Currently, +20 experts are developing 13 new modules, includ-
ing training core modules “Ethics, animal welfare and the 3Rs, 
level-1” (EU-2); “Basic and appropriate biology” (EU-3.1) and 
“Recognition of pain, suffering and distress” (EU-5), the latter 
two for mouse, rat, zebrafish and four farm animal species. Oth-
er include “Ethics, Animal Welfare and the 3Rs, Level-12” (EU-
9), “Designated Veterinarian” (EU-24), “Inspectors” (EU-26), 
and the new module “Competence Assessors”, for which learn-
ing outcomes have now been developed. A Reflection Group of 
LAS experts, veterinarians, and National Contact Points provides 
feedback on scientific accuracy, pedagogical value, and learner 
experience. 

The presentation will cover the new free e-learning modules, 
which also follow the EU E&T Framework [1], and offer a multi-
media-rich, interactive learning experience. 

Course providers are welcome to integrate the ETPLAS cours-
es in their teaching, either as stand-alone or reference materials in 
blended-learning courses. 

Reference
[1] https://ec.europa.eu/environment/chemicals/lab_animals/pdf/

guidance/education_training/fr.pdf 
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irritation test (OECD TG 491) and 
acute oral toxicity test (OECD GD 129)
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Fetal bovine serum (FBS) is still being utilized as the universal me-
dium supplement to grow and maintain cells and tissues. However, 
the use of FBS presents some significant issues such as the animal 
welfare concerns, batch-to-batch variations and virus contamina-
tion risks. Thus, replacing the use of FBS in cell culture media has 
gained global attention in terms of ethical and regulatory aspects. 

In this study, we developed FBS-free conditions for two cyto-
toxicity-based assays: the Short Time Exposure (STE) test for pre-
dicting eye irritation potential and 3T3 Neutral Red Uptake (NRU) 
cytotoxicity assay for estimating acute oral toxicity. The STE test 
is a cytotoxicity-based assay that is performed on a confluent 
monolayer of Statens Seruminstitut Rabbit Cornea cell line, cul-
tured using medium supplemented with 10% FBS. The 3T3 NRU 
is also a cytotoxicity-based assay that is performed on < 50% con-
fluent monolayer of BALB/c 3T3 mouse fibroblast cell line, cul-
tured using medium supplemented with 10% New borne Calf Se-
rum. We firstly evaluated and compared the performance of two 
FBS alternatives, human serum (HS) and human platelet lysates 
(hPLs), with respect to cell morphology and growth rate, and hPLs 
was selected as a promising alternative to FBS. 

We successfully adapted two cytotoxicity-based assays to FBS-
free conditions and validated the adapted method using the profi-
ciency substances in OECD TG491 or GD 129. This case study 
has the potential to be used as a template for transition and evalua-
tion of FBS-free for other cell-based assays.
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Profiling chemical effects on transcription factor activity can help 
characterize the mechanisms by which chemicals perturb biologi-
cal systems. Such profiles can contribute to a predictive approach 
to characterizing chemical effects that avoids animal testing. The 
Attagene cis-FACTORIAL™ assay uses a reporter system to 
quantify the activity of 46 transcription factors to provide a quanti-
tative assessment of chemical effects. A new version of this assay, 
CYP-FACTORIAL™, adds nine key cytochrome P450 (CYP450) 
enzymes to evaluate effects on transcription factor activity with 
and without CYP-mediated Phase 1 metabolism. This supports 
evaluation of whether CYP-mediated oxidation results in an al-
tered bioactivity profile. This study examined activity of 24 chem-
icals across four test concentrations in the cis-FACTORIAL™  
and CYP-FACTORIAL™ assays. Results suggest that alterations 
in CYP450 metabolism have the greatest effects on transcription 
factors activating the estrogen receptor (ER), aryl hydrocarbon 
receptor (AhR), and oxidative stress response (NRF2) pathways. 
Comparisons of profiles of test vs. reference chemicals identified 
a highly conserved polycyclic aromatic hydrocarbon toxicity sig-
nature involving activation of AhR, NRF2, and ER. Interestingly, a 
profile in which ER and AhR are activated but NRF2 is not activat-
ed correlated to non-toxic compounds, suggesting the possibility 
of using differences between signatures to predict toxic outcomes. 
Integrating the profiling approach with metabolism in a multi-
plexed in vitro assay system allows this assay platform to provide 
insight into chemically induced bioactivity and thus facilitates the 
development of mechanistically based human-relevant predictive 
testing approaches. 

This project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Most commercially available surfactants are chemical surfactants 
that are derived mainly from petroleum products. With rapid ad-
vances in biotechnology and increased environmental awareness 
among consumers, there has been a general desire to find environ-
mentally friendly surfactants that replace petroleum-based sur-
factants. The products of biological origin, providing a new mo-
tivation for the use of superactivity biological surfactants as an al-
ternative. It need to be remindered is toxicology testing should in 
accordance with the regulations for using alternative methods to 
animal testing. Lauroyl alanine and its derived salts produced by 
innovative crafts, offer several advantages, such as low toxicity, 
high biodegradability and production from renewable materials. 
In addition, biosurfactants of lauroyl alanyl alanine, lauroyl ala-
nine-arginine, lauroyl alanine-lysine, show greater surface and in-
terfacial activity at low concentrations, and have good activity and 
stability at different temperature, pH value and salinity. 

In the context of the global trend of advocating the gradual re-
placement of petroleum-based surfactants and the development of 
green manufacturing and green chemistry industry in China. Un-
der the in influence of the TT21C vision. For the first time, we 
have completed the first series non-animal toxicity tests of innova-
tive bio-surfactant raw materials in China, proving non-toxic and 
environmentally friendly, supporting their safe use in laundry, dai-
ly chemical, and cosmetic applications.
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Natural herbal medicines are complexes of various compounds, 
and it remains difficult to evaluate the toxicity of the active in-
gredients. Since safety continues to be a major issue with the use 
of natural herbal medicines, pathway-based cellular stress eval-
uation is required to evaluate and monitor their toxicity. There-
fore, this study is to analyze the toxicity mechanism using the 
HepG2-TRE-reporter cell lines based on the toxicity mechanism 
of natural herbal medicines known to induce hepatotoxicity. First, 
QSAR analysis and molecular docking simulation results of natu-
ral herbal medicines (Xanthium strumarium L., Polygala tenuifo-
lia, and Ephedra sinica Stapf) were selected six compounds. We 
analyzed toxic mechanisms of six compounds and three natural 
herbal aqueous extracts based on HepG2-reporter cell lines (AP1, 
P53, Nrf2), which evaluate cellular stress based on imaging analy-
sis. GFP intensity and cytotoxicity were evaluated using high-con-
tents screening after treatment with three natural herbal aqueous 
extracts and six compounds for 24 and 48 h. In the HepG2-Nrf2 
reporter cell line, a significant increase in GFP intensity was con-
firmed in the treatment of tenuifolin derived from Polygala tenui-
folia and aqueous extracts and hydroquinone derived from Xan-
thium strumarium L. for 24 h. To confirm the mRNA levels in-
volved in the Nrf2 pathway based on the HCS results, change of 
NQO1, HMOX1, SRXN1 and SOD1 levels was confirmed. As 
a result, it was confirmed that the mRNA levels significantly in-
creased. Therefore, our results suggest that HepG2-TRE-reporter 
cell lines can provide information on molecular mechanisms that 
initiate cellular stress.
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Alternative methods in Latin America are just a recent issue com-
pared to the European Union and North America. Therefore, to 
disseminate the theme among Latin American countries, in 2012, 
the I COLAMA took place in Brazil. As a result of this event, the 
second COLAMA occurred in Cuba in 2015 and the third in Ar-
gentina in 2018. The pandemic impeded the event in 2021, and the 
IV COLAMA occurred in 2022 in Mexico. All editions received 
speakers’ contributions and attendants from South America, Cen-
tral America, the Caribbean, North America, and Europe. Indus-
tries, universities, and suppliers related to animal experimentation 
and alternative methods sponsored speakers. COLAMA has al-
so received support from well-known Academic Institutions and 
non-Government Organizations in Animal Welfare and Alternative 
Methods such as AALAS, AAALAC International, AWI, CAAT-
John Hopkins University, ECVAM, EFSA, FRAME, HSI, Inter-
NICHE, NC3Rs, among others. The four COLAMA editions have 
had over 200 participants each. COLAMA always focused on is-
sues due to regulatory acceptance, advances in non-animal meth-
ods for experimental research, quality assessment and diagnosis, 
and alternatives in education. Each COLAMA has been the cor-
nerstone to boost the use of alternative methods and set up the 3R’s 
principles in the region. The aim is to perform the congress in dif-
ferent Latin American countries each time so that the fifth edition 
will take place in Colombia in 2024.
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in vitro model for genotoxicity  
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The aim of this study was to evaluate the compatibility of a re-
constructed 3D human small intestinal microtissue model (Mat-
Tek EpiIntestinal) to perform the in vitro comet assay as a poten-
tial higher tier in vitro model for genotoxicity. The comet assay is 
a common follow-up genotoxicity test to confirm or supplement 
other genotoxicity data. Technically, it can be performed utilis-
ing a range of in vitro and in vivo assay systems. Here, we have 
suggested a new reconstructed human intestinal comet (RICom) 
assay protocol for the assessment of orally ingested materials. 
The human intestine is a major site of food digestion and adsorp-
tion, first-pass metabolism as well as an early site of toxicant first 
contact and thus is a key site for evaluation. Reconstructed in-
testinal tissues were dosed with eight reference test chemicals: 
ethyl methanesulfonate (EMS), ethyl nitrosourea (ENU), phen-
formin hydrochloride (Phen), benzo[a]pyrene (BaP), 1,2-dimeth-
ylhydrazine hydrochloride (DMH), etoposide (Etop), Potassium 
Bromate (KBr) and glycidamide (GA) over a span of 48 hours. 
The RICom assay correctly identified the genotoxins EMS, ENU, 
KBr and GA. Phen HCl, a known non-genotoxin, did not induce 
DNA damage in the 3D reconstructed intestinal tissues whilst 
showing high cytotoxicity as assessed by the assay. The 3D re-
constructed intestinal tissues possess sufficient metabolic compe-
tency for the successful detection of pro-genotoxicity elicited by 
BaP, without the use of exogenous metabolic system. In contrast, 
DMH, a chemical that requires liver metabolism to exert geno-
toxicity, did not induce detectable DNA damage in the 3D recon-
structed intestinal tissue system.

Presentation: Poster

485

FBS-free conditions for  
cell-based assay: An in vitro  
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Fetal bovine serum (FBS) is still being utilized as the universal 
medium supplement to grow and maintain cells and tissues. How-
ever, the use of FBS presents some significant issues such as the 
animal welfare concerns, batch-to-batch variations and virus con-
tamination risks. Thus, replacing the use of FBS in cell culture me-
dia has gained global attention in terms of ethical and regulatory 
aspects. 

Skin sensitization cannot be evaluated by a single in vitro test 
and requires several in vitro sensitization assays at different stag-
es of sensitization, as outlined in the Adverse Outcome Pathway 
(AOP) for Skin Sensitization. In this study, we aimed to investi-
gate FBS-free cell culture conditions for one of the in vitro skin 
sensitization assays, KeratinoSens™ that addresses the second 
key event of the skin sensitization AOP (keratinocytes activation). 
KeratinoSens™ is an in vitro ARE-Nrf2 luciferase test method and 
generally performed using the medium containing FBS. We evalu-
ated human platelet lysate (hPLs) as a substitute for FBS based on 
its appropriate growth rate and technical performance by correct-
ly obtaining the expected KeratinoSens™ prediction (EC1.5 and 
IC50 values) for the 10 proficiency substances recommended in 
OECD TG442D. 

In conclusion, KeratinoSens™ was successfully adapted to 
FBS-free conditions, and the modified method showed equiva-
lence to the validated reference method as proficiency substanc-
es were correctly classified. In further investigations, other in vitro 
skin sensitization tests with FBS-free conditions will be evaluated.
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Prediction of the skin sensitisation 
potential of vanillin  
using read-across in NGRA
Françoise Gautier, Hind Assaf Vandecasteele, Fleur 
Tourneix, Nathalie Alépée and Dagmar Bury 
L’Oréal R&I, France 
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Skin sensitisation is a key adverse human health effect to be ad-
dressed in the safety assessment of cosmetic ingredients. Regula-
tory demands and scientific progress have led to the development 
of a Next Generation Risk Assessment (NGRA) framework, rely-
ing on the use of New Approach Methodologies (NAM), Defined 
Approaches (DA) and read-across instead of animal models. 

This case study illustrates the application of read-across for the 
prediction of the skin sensitisation potential of vanillin at the hy-
pothetical use concentration of 0.5% in two exposure scenarios, 
shower gel and face cream. 

A stepwise process was applied to select the most suitable ana-
logues based on protein reactivity, structural characteristics, phys-
icochemical properties, skin metabolism profile and availability of 
skin sensitisation data. 

The initial set of seven identified chemicals with sufficient skin 
sensitization data ranging from strong to non-sensitizer were fur-
ther narrowed to four weak or non-sensitizer chemicals based on 
skin metabolism consideration. 

The applied read-across approach predicted a weak skin sen-
sitiser potential for vanillin corresponding with a Local Lymph 
Node Assay EC3 value of 10%. Based on this EC3 value a point of 
departure of 2500 µg/cm2 was derived, resulting in an acceptable 
exposure level (AEL) of 25 µg/cm2. Because the consumer expo-
sure levels (CEL) for the face cream (13.5 µg/cm2) and shower gel 
(0.05 µg/cm2) scenarios were lower than the AEL, the NGRA con-
cluded both uses as safe.
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Currently two OECD adopted defined approaches (DAs) for Seri-
ous Eye Damage and Eye Irritation for non-surfactant liquids ex-
ist (OECD TG 467, 2022). The purpose of the current study was to 
enlarge the applicability domain to solids with a new DA. The DA 
for neat solids (DAS) combines test methods described in OECD 
TG 437 and TG 492. 

The DA is developed based on in-depth statistical analysis of a 
database on solids for which in vitro and historically curated in vivo  
Draize eye test data exist. The performance of the DAS was as-
sessed by comparing the prediction results with the UN GHS clas-
sification (based on historical in vivo data). 

In a first tier of the DA, the SkinEthic™ HCE EIT method (TG 
492) is used to distinguish No Cat. from classified substances. For 
classified substances the BCOP LLBO method (TG 437) is used 
to identify Cat. 1, the remaining solids are then predicted Cat. 2. 

In summary, 73.2% Cat. 1 (N = 28), 52.3% Cat. 2 (N = 18) and 
70.0% of No Cat. (N = 60) solids were correctly identified, giving 
a balanced accuracy of 65.2%. The percentage of correct predic-
tions was close to the criteria set by the OECD Expert Group for 
Skin/Eye Irritation and Phototoxicity (75% Cat. 1, 50% Cat. 2 and 
70% No Cat.) for non-surfactant liquids. The percentage of mis-
predictions was below the established maximum values. The DAS 
has shown to be successful for eye hazard identification of solids 
according to the three UN GHS categories.
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stances to the reference database for the evaluation of a defined ap-
proach (DA) based on the. This is especially true when considering 
the assessment of a DA for surfactants as no additional surfactants 
with qualified in vivo data have been identified. 

The current reference database for the DA on surfactants con-
tains 49 substances, of which 23 are UN GHS Eye Hazard Cat-
egory 1 (Cat. 1), 9 Cat. 2 and 17 substances that do not require 
UN GHS classification (No Cat.). The purpose of the current 
study was to evaluate these surfactants using the only stand-alone 
test method, namely SkinEthic™ HCE Time To Toxicity, which 
was adopted to predict all three UN GHS categories (OECD TG 
492B, 2022). The performance was assessed by comparing the 
results with the historical in vivo data classification. The predic-
tion reached the minimum performance values of 75% Cat. 1, 50% 
Cat. 2, and 70% No Cat. established by the OECD expert group. 
The SkinEthic™ HCE Time-to-Toxicity test method was also pro-
posed to generate data on additional surfactants that can be used to 
evaluate the performance of the DA on surfactants. 

In conclusion, considering the SkinEthic™ HCE Time To Tox-
icity as an alternate of in vivo standard opens the possibility for 
progress in phasing out animal testing and may pave the ways for 
other endpoints.
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The SkinEthic™ HCE Time-to-Toxicity test method is the only 
stand-alone NAM adopted by OECD for discriminating the three 
UN GHS ocular hazard categories (OECD TG 492B, 2022). 

The test method evaluates the hazard potential of a chemical 
based on its ability to induce cytotoxicity. The method consists 
of 2 protocols (for liquids and solids). Based on the viability ob-
served for the different exposure periods (from 5 to 120-min) a 
classification is assigned. 

The within laboratory reproducibility from the 3 laboratories 
was 90% for liquids and 100% for solids while the between lab-
oratory reproducibility was 80% and 100%, respectively. When 
considering all 151 chemicals, the test method has a balanced ac-
curacy of 74% with correct predictions of 79% for Cat 1, 69% for 
Cat 2 and 75% for No Cat, when compared to reference in vivo 
rabbit eye test data. 
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Distress analysis for evaluating  
the toxicity of  
traditional Chinese medicine
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Purpose: Traditional Chinese medicine, bufalin, exhibits great po-
tential on antitumor therapy and also severe cardiotoxicity, which 
limits its further clinical application. The purpose of this study was 
to apply the advanced method (animal stress analysis, nesting be-
havior) to investigate the toxicity of bufalin, comparation with 
electrocardiogram and blood biochemical index. 

Methods: After injection of bufalin and cancer cell membrane 
camouflaged bufalin with different dosage into mice, the wellbe-
ing of these animals was evaluated by assessing nesting behavior, 
body weight and a distress score. Also, the electrocardiogram was 
recorded, and the blood was collected to test biochemical index. 

Results: Mice after injecting with 1mg/kg bufalin had a higher 
survival rate, and their biochemical index such as alanine transam-
inase (ALT), aspartate aminotransferase (AST), creatinine almost 
didn’t change. However, their wellbeing and behavior significant-
ly changed. Fortunately, after we encapsulated bufalin with cancer 
cell membrane and given it to mice, their wellbeing was signifi-
cantly better. 

Conclusion: Animal stress analysis and nesting behavior seem 
more sensitive and more direct to observe, when evaluating the 
acute toxicity of bufalin. It shows great potential to extend its ap-
plication to pharmaceutics, biomedicine, etc. 
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Historically, in vivo Draize data has been used as the reference da-
tabase to evaluate in vitro test methods for eye hazard identifica-
tion. From current ethical practice, it is difficult to add more sub-
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al aspects that need to be changed and fulfilled in order for a sys-
temic change to occur. As such, the framework helps to identify 
drivers and barriers for NAM acceptance. This focus on systemic 
change makes the MIS approach a promising tool for the mission: 
to achieve reliable safety testing of chemicals based on NAMs.
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Zebrafish is a powerful alternative model allowing cost-effec-
tive in vivo screenings, following the 3Rs principles when work-
ing with larvae below 5 days post-fertilization. Advantageous-
ly, full behavior analysis could be evaluated in zebrafish larvae at 
this stage. While the Light-Dark Transition test is currently used 
to identify neuroactive substances, sleeping and anxiety assays are 
not well-established yet for Drug screening. Since these assays 
would be precious in cannabinoids screening seeking new thera-
pies for anxiety, sleep disorders, and other neurobehavioral affec-
tions are set up and validated. 

This project aims to validate the Light-Dark TransitionTest, 
Anxiety Assay, and Sleeping Assay with well-known reference 
compounds, determining the most relevant endpoints for the eval-
uation of cannabinoid effects in each one. 

5 concentrations of diazepam, caffeine, PTZ and yohimbine 
were tested as reference compounds. Afterwards, 4 cannabinoids 
were assessed to evaluate the suitability of the established be-
havioural assays for their classification. 

As a result, total distance moved, distance moved in the periph-
ery/total distance and sleep cumulative duration were chosen as 
main endpoints in the Light-Dark Transition Test, Thigmotaxis, 
and Sleeping Assays, respectively. The reference compounds were 
classified as expected: Diazepam as hypoactive, anxiolytic, and 
sleep-inducing; Caffeine as hyperactive; PTZ as the most suitable 
anxiogenic reference and Yohimbine as the best sleep-depriving 
compound. The 3 neurobehavioral assays are suitable for canna-
binoids screening, accurately classifying 4 tested cannabinoids as 
hypoactive, anxiolytic, and sleep-inducers. 

In brief, these novel neurobehavioral assays are successfully set 
up and validated for the cannabinoids screening in the zebrafish al-
ternative in vivo model.
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In order to illustrate the relevance of the test method on chal-
lenging chemicals, an evaluation of 10 standards and 10 direct 
MTT-reducers ± colour interfering chemicals was performed. 
Amongst those, 4 chemicals were incompatible with use of stan-
dard photometry detection system. Determination of the cell via-
bility leading to determination of classification was achieved by 
High-Performance Liquid Chromatography (HPLC)-spectropho-
tometry. Overall, these results highlighted the relevance of the 
HPLC-spectrophotometry detection system, independently of the 
protocols being performed. 

In conclusion, the SkinEthic™ HCE Time To Toxicity could be 
recommended as a full replacement to the in vivo Draize acute eye 
irritation test for classification of these challenging substances.
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The implementation of 3Rs for human health safety assessment of 
chemicals is a tedious process in which New Approach Methodolo-
gies (NAMs) slowly proceed from the R&D phase towards accep-
tance and implementation into regulatory frameworks. As a result, 
only for simple toxicological endpoints, such as genotoxicity and 
eye and skin irritation, validated in vitro tests have been implement-
ed. For more complex endpoints, such as repeated dose toxicity, no 
NAM-based test guidelines are currently available. In the Virtual 
Human Platform for Safety Assessment project (www.vhp4safety.
nl, NWA-ORC 1292.19.272), NAMs are integrated with Adverse 
Outcome Pathways (AOPs) and data science to investigate whether 
safety can be predicted for complex human health effects. This inte-
grated approach provides an even greater challenge towards accep-
tance and implementation in regulatory frameworks since uncer-
tainties are introduced at multiple levels. In this study, toxicologists 
and innovation scientists collaborated to develop a mission-orient-
ed innovation system (MIS) framework. The framework describes 
key processes that are important for regulatory acceptance and im-
plementation of NAMs as well as actors that are involved in these 
processes. Examples of such key processes are R&D activities, val-
idation and social legitimacy. The framework looks beyond sole-
ly technological problems and takes into account socio-institution-
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Sensitization is a disease state induced by immune system re-
sponse to certain proteins or chemicals, referred to as sensitizers. 
Proactive identification of sensitizers is central in hazard and risk 
assessment of both biologics and chemicals, for regulatory regis-
tration or to ensure occupational safety. While large investments 
in New Approach Methodologies for assessment of dermal sen-
sitizers have been made, the ability to accurately predict respira-
tory sensitizers in vitro, both biologics and chemicals, remains 
unfulfilled. 

The Genomic Allergen Rapid Detection assay for assessment of 
respiratory sensitizers (GARDair) is based on the same framework 
as the OECD validated GARDskin (OECD TG 442E) assay, pro-
viding binary hazard identification of chemical respiratory sensi-
tizers via transcriptional changes induced by the TSLP-receptor 
signaling pathway and immune response polarization towards a 
Th2 response. In this study, we hypothesized similar toxicity path-
way engagement by protein sensitizers with the use of GARDair 
technology and potential application for identification of protein 
allergens. To test this hypothesis, standard GARDair assay proto-
cols were implemented as well as the use of the well-characterized 
protein allergen Subtilisin as a positive control. Preliminary data 
have validated Subtilisin to activate pathways associated with the 
TSLP receptor as well as accurately identified it as a respiratory 
sensitizer. 

Based on these preliminary findings, the assay has been identi-
fied as fit-for-purpose for prediction of chemical and protein respi-
ratory sensitizers. These findings constitute a promising path for-
ward towards the implementation of a standardized tool in produc-
tion and product development settings to promote occupational 
safety using animal-free methods.
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The VHP4Safety project (www.vhp4safety.nl, NWA-ORC 
1292.19.272) aims to protect human health and to improve the 
safety assessment of chemicals and pharmaceuticals without the 
use of animal models. Three case studies are designed to incorpo-
rate human relevant scenarios to discriminate vulnerable groups 
that are not addressed with animal studies. These include dis-
ease state (kidney failure) upon exposure to pharmaceuticals, life 
course exposure to pesticides and neurodegeneration (Parkinson’s 
disease), and sex and age differences upon exposure to chemi-
cal substances in the development of thyroid-mediated brain de-
velopment. Several data sources, e.g., data on human physiology, 
chemical characteristics, existing (omics) data, epidemiology data, 
toxicokinetic and -dynamic parameters, are integrated within Ad-
verse Outcome Pathway (AOP) networks together with data gen-
erated from in vitro assays representing key events in the AOPs. 
These data feed into the VHP4Safety in silico platform built on 
tools and services such as PBPK and Artificial Intelligence mod-
els. We will present the first contours of the VHP4Safety platform, 
the case study workflows that feed the platform and the activities 
towards the implementation of the platform, such as setting perfor-
mance criteria, regulatory acceptance and education and training. 
Through active involvement of academic, regulatory, industrial 
and societal partners covering the entire safety assessment knowl-
edge chain, we are developing a new framework to determine the 
safety of chemicals and pharmaceuticals to protect human health 
solely based on human biology. While working together with oth-
er initiatives, such as the European projects of the ASPIS cluster, 
VHP4Safety will accelerate the transition to animal-free safety as-
sessment.
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induced by glutaraldehyde  
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Developmental neurotoxicity induced by Glutaraldehyde (GA) 
was assessed on SH-SY5Y/Astrocyte co-cultured cells and zebraf-
ish. GA exposure inhibited neurite outgrowth at the cells. GA ex-
posure decreased survival and induced myelination defects in oli-
godendrocytes of zebrafish.
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The purpose of this study was to investigate the neurological effect 
of pyrethroid insecticides on zebrafish. Pyrethroid insecticides are 
known to be toxic to aquatic invertebrates and affect the nervous 
system in insects. Allethrin, one of the pyrethroid insecticides, is 
classified as an endocrine disrupting substance and is concerned 
about health effects. In this study, the neurotoxicity of 7 pyrethroid 
insecticides (Imiprothrin, Tetramethrin, Phenothrin, Prallethrin, 
Allethrine, Zeta cypermethrin, Permethrin, etc.) was analyzed us-
ing the zebrafish model. 

Neurotoxicity was evaluated using transgenic models (Tg(sox-
10:eGFP), Tg(elavl3:eGFP), Tg(mbp:mGFP)) in which signals 
from the nervous system were observed. The LC25 value for each 
substance was obtained through a preliminary experiment, and 
neurotoxicity analysis was performed on the concentration of the 
LC25 value. As a result, when compared with the control group, it 
was confirmed that the width of the brain and spine of the central 
nervous system decreased and development was reduced, and ab-
normalities were found in the neuron shape of the nerve crest cells 
in the spinal cord. It was also confirmed that the development of 
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Validation of clinical scoring and  
home-cage monitoring in  
a mouse model of acute colitis
Eva Zentrich, Steven R. Talbot, André Bleich and 
Christine Häger 
Hannover Medical School, Institute for Laboratory Animal Science, 
Germany 

haeger.christine@mh-hannover.de 

For ethical and legal reasons, it is necessary to assess the wel-
fare of experimental animals as well as possible. The aim of this 
study was to evaluate the benefit of a home cage monitoring sys-
tem for improved welfare assessment during dextran sulfate sodi-
um (DSS)-induced colitis. Additionally, potential impacts on ac-
tivity patterns due to handling procedures using tunnel or tail han-
dling were analyzed. 

For welfare assessment, animals were clinically scored using a 
clinical score sheet and an automated home-cage monitoring sys-
tem was used for continuous activity monitoring. 

Female C57BL/6J mice were exposed to graded DSS doses via 
drinking water for colitis induction. The general appearance, body 
weight, stool consistency, fecal occult blood (FOB) and home 
cage activity were daily assessed for the monitoring of the general 
health status and behavioral changes of the animals. 

DSS-treated mice showed increased clinical scores and positive 
FOB tests when compared to control mice. Moreover, a signifi-
cant decrease in activity and body weight due to a higher dosage of 
DSS administration was detected. Activity heat maps showed dif-
ferences in activity patterns between DSS-treated mice and con-
trol groups. Furthermore, no significant differences between tun-
nel and tail handled mice cohorts methods were detected. A binary 
classifier of correlated body weight and activity data enabled the 
classification of severity related to treatment. 

Home-cage monitoring enabled welfare assessment in a DSS-in-
duced colitis model equally well as gold standard clinical param-
eters. In addition, it revealed changes in activity patterns due to 
routine handling procedures applied in experimental model work.
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of p53- and FoxO signaling and fatty acid, carbon or purine me-
tabolism. Supernatants of these PCLS revealed higher levels of 
FN1 (2-fold), pCol1a1 (5-fold) and elevated alpha-smooth-mus-
cle-actin levels in the tissue as compared to non-fibrotic PCLS. 
Most importantly, in both experimental set-ups, the efficacy of an 
anti-fibrotic reference treatment could be confirmed. 

Overall, this alternative ex vivo method has great potential to in-
vestigate important signaling pathways and general pathomecha-
nisms of early-onset- or end-stage-fibrosis without using animals 
to drive the development of new anti-fibrotic drugs.
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Molecular mechanisms based  
on liver toxicity of  
metyrapone toward zebrafish
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1Korea institute of Toxicology (KIT), South Korea; 2University of Science 
and Technology (UST), South Korea 
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Drug-induced liver injury (DILI) is a major issue in clinical med-
icine and drug development. Zebrafish is attracting attention as a 
model for predicting it. Zebrafish share 84% of the genes associat-
ed with human disease. Additionally, zebrafish can be a strength in 
DILI studies due to their rapid development at the embryonic stage, 
and high productivity combined with optical clarity. Nonalcoholic 
fatty liver disease (NAFLD), characterized by the accumulation of 
excess fat in liver cells, has increased in prevalence in recent years. 
NAFLD is closely associated with several side effects, including 
obesity, insulin resistance, type 2 diabetes, and cardiovascular dis-
ease. Cushing’s syndrome, caused by prolonged exposure to high 
levels of cortisol, has been reported to be often associated with  
NAFLD. In this study, we investigated the effect of exposure to the 
commercialized drug Methyrapone (MTR) on embryogenesis in 
zebrafish. MTR is used for the medical control of high cortisol in 
Cushing’s syndrome. It works by inhibiting the production of adre-
nal steroids. Although no clinical disease has been reported in the 
liver for MTR, in our study, MTR was found to reduce translucency 
in the early developmental liver of zebrafish. Then, fatty liver was 
induced and confirmed by Oil red O staining. To determine the ef-
fect on gene expression, Quantitative Real time Polymerase chain 
reaction (qRT-PCR) was performed. In this regard, we investigat-
ed genes involved in lipid metabolism, ER stress, apoptosis and in-
flammation. It was confirmed that the number of neutrophils and 
macrophages was reduced using the transgenic zebrafish.
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myelinating oligodendrocytes and Schwann cells and brain fluo-
rescence intensity were reduced. 

In terms of regenerative capacity, the spinal cord is an important 
neurotoxicity biomarker. And myelination disruption may play an 
important role as an indicator for diseases such as multiple sclero-
sis and hereditary myelin disease. In this study, we confirmed that 
7 Pyrethroid insecticides exhibit neurotoxicity.
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represents an alternative model  
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Hannover (BREATH), Member of the German Center for Lung Research 
(DZL), Hannover, Germany; 3KRH Clinics Hannover, Germany; 4Institute 
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Pulmonary fibrosis (PF) is a severe lung disease, causing irrevers-
ible dysfunction of the organ. Current animal models often do not 
represent the exact clinical picture of the disease and are therefore 
of limited relevance. With the use of Precision-Cut Lung Slices 
(PCLS), and a general shift from in vivo to ex vivo models, the aim 
was to establish a novel alternative human based 3R model for the 
development of anti-fibrotic drugs. 

PCLS prepared from non-fibrotic tissue sections (lung cancer 
patients) triggered with a pro-fibrotic cytokine cocktail (TGF-β/
TNF-α) revealed significantly elevated RNA as well as protein 
levels of several integrins (ITGAV, ITGB6), extracellular matrix 
(ECM) remodeling enzymes (e.g., metalloproteinases), cytokines 
(IL-1β, IL6) and relevant mediators involved in the initial wound 
repair mechanism and early fibrotic response (Plasminogen-ac-
tivator-inhibitor-1). PCLS prepared from PF patients showed  
> 5000 significantly up- and down-regulated genes after 24 h cul-
tivation as compared to non-fibrotic PCLS. Gene set enrichment 
analysis identified 5 significantly distinct genetic patterns in PCLS 
from non-fibrotic vs. fibrotic slices, including molecular pathways 
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Going the extra mile for NAM 
acceptance: Engaging stakeholders 
for next generation risk assessment
Cyrille Krul1, Michael Guy Diemar2, Marc Teunis1  
and Erwin Roggen2 
1University of Applied Sciences Utrecht, The Netherlands; 23RsMC ApS, 
Denmark 

cyrille.krul@hu.nl 

ONTOX will deliver a strategy to create innovative new approach 
methodologies (NAMs) in order to predict systemic repeated dose 
toxicity effects of any type of chemical that, upon combination 
with tailored exposure assessment, will enable human risk assess-
ment. The project focuses on six specific NAMs addressing ad-
versities in the liver, kidneys and developing brain. The NAMs 
will consist of an ontology-driven and artificial intelligence-based 
computational system, fed by available physiological human data 
and targeted vitro and in silico testing. 

To ensure implementation in risk assessment practice and to 
maximise end-user acceptance and regulatory confidence, NAMs 
will be developed, evaluated and applied in collaboration with the 
most relevant stakeholders throughout the project. For this reason, 
industry from different sectors, NGOs, policymakers and regula-
tory authorities were interviewed. Secondly a survey with ques-
tions related to the acceptance and performance criteria, validation 
and user requirements was carried out to identify stakeholders’ po-
sition in relation to NAMs and probabilistic risk assessment. The 
results of this survey (27 responders) demonstrated the differences 
between and within the stakeholder groups. Thirdly, a selection of 
debatable topics, were discussed in a stakeholder network meet-
ing. The outcome of the survey and the stakeholder network meet-
ing will be presented. For those challenges that cannot be solved 
with the current stakeholders, we will organise a hackathon with a 
mixed group of participants. The hackathon participants will ex-
ist of people within and from outside the risk assessment domain. 
This enables an out-of-the-box approach to solve tough challenges 
and make use of interdisciplinary expertise.
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Life course pesticide exposure and 
Parkinson’s disease: Innovative 
animal-free assessment of chemical 
effects on neurodegeneration
Julia Meerman1,2, Aldert Piersma1, Juliette Legler2, 
Peter Bos1, Jacqueline van Engelen1, Remco 
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1National Institute for Public Health and the Environment, Bilthoven, The 
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Utrecht, The Netherlands 

julia.meerman@rivm.nl 

Exposure to pesticides has been associated with an increased risk 
of developing Parkinson’s disease (PD). Studies following OECD 
Testing Guidelines are not aimed at, and thus incapable of captur-
ing, indications of neurodegeneration. Moreover, late hallmarks 
of human neurodegeneration cannot be replicated in rodents. As 
such, it is questionable to what extent rodent studies provide suf-
ficient insights into effects that may lead to disease later in life. 
Therefore, there is a need to improve the assessment strategy and 
prediction of potential harmful effects of chemicals related to neu-
rodegeneration. 

To create an alternative workflow, this case study was included 
in the Virtual Human Platform for Safety Assessment (VHP4Safe-
ty) project. The case study is firmly rooted in charting the human 
physiology underlying development of PD and applying the ad-
verse outcome pathway (AOP) framework. To quantify AOP net-
works, concentration-response and response-response relation-
ships will be determined using a dedicated in vitro test battery. 
Integration of these data will allow for extrapolation of chang-
es along linked key events, leading to a prediction on the role of 
chemicals in the occurrence of PD in humans. This should ulti-
mately be integrated in a virtual human approach suitable for regu-
latory safety and risk assessment of chemicals. 

Within this project, we aspire to 1) provide the biological ba-
sis of human PD development needed for constructing the virtu-
al human as part of VHP4Safety and 2) establish a novel mech-
anism-based and animal free approach to test neurodegenerative 
properties of compounds, enabling inclusion of neurodegeneration 
in regulatory safety and risk assessment guidelines.
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NAMs: Target image immunology
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AMC, University of Amsterdam, Amsterdam, The Netherlands; 
2Department of Molecular Cell Biology and Immunology, Amsterdam 
institute for Infection and Immunity, Amsterdam UMC, Vrije Universiteit, 
Amsterdam, The Netherlands; 3Global Centre of Excellence Immunology, 
Nutricia Danone Research, Utrecht, The Netherlands; 4Center for 
Translational Immunology, University Medical Center Utrecht, Utrecht, 
The Netherlands; 53Rs Centre Utrecht, Utrecht University, Utrecht, The 
Netherlands 

J.J.Bajramovic@uu.nl 

To facilitate the transition towards the use of animal free inno-
vations, the Netherlands National Committee for the protection 
of animals used for scientific purposes has invited researchers to 
write target images for their field of work. We here present the tar-
get image for the field of Immunology. 

Immunological research is aimed at understanding molecular 
and cellular processes that underlie pathologies of human diseases 
as well as infections, and to develop interventions to treat or pre-
vent these diseases and infections. Animal models have been, and 
are still being, used to model many of these processes. However, 
it is becoming increasingly clear that animal models are indeed 
models and importantly, they might not even be the best models. 
The field of immunology moves very fast and new technological 
and medical advances have led to the development of innovative 
non-animal, or new approach methods (NAMs) with the potential 
to replace animal models. 

We have chosen to first identify the types of NAMs that are cur-
rently being developed and/or used in immunology research. We 
then analyzed the benefits but also the limitations of NAMs and 
have used this to develop targets for the near and for the not-so-
near future. Finally, we have identified the most important barri-
ers for implementation of NAMs and discuss how these can be 
addressed. Specific recommendations for the development and 
implementation of NAMs in the field of immunology will be pre-
sented. These are aimed at improving science while at the same 
time reducing our scientific dependance on animals.
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3Department of Medical Cell Biology, Uppsala University, Uppsala, 
Sweden; 4Department of Biomedical Engineering, Linköping University, 
Linköping, Sweden; 5Department of Animal Health and Antimicrobial 
Strategies, National Veterinary Institute (SVA), Uppsala, Sweden; 6Institute 
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The Swedish National Committee and its executive body, the 
Swedish 3Rs Center, are using several different approaches to 
reach out to students, both at younger and older ages. Through 
these initiatives we increase knowledge and understanding of 
animal experimentation as well as different types of animal-free 
methods. 

We have produced a digital educational material for the up-
per secondary school. The material is well-connected to the cur-
riculum and concerns research, animal experimentation, ethics 
and the 3Rs. Together with the material, there is a clearly written 
teachers guide. During the lectures, students gain new knowl-
edge through text, images and short films. There are also active 
learning sessions with questions and discussion. In connection to 
this material we have organised a writing competition encourag-
ing students to imagine what a world without animal experimen-
tation could look like and depict this in a short story or a poem. 

To further reach out to schools we participate in Researchers’ 
Night, a yearly science festival in the EU. Each year we bring 
researchers to meet students and talk about the 3Rs and related 
subjects. 

We also offer specific educational activities for future animal 
technicians. During these sessions we focus on non-aversive 
handling of mice and rats and on existing and future efforts to re-
place animal experimentation. 

By exposing students to perspectives on animal experimen-
tation and the 3Rs already at a young age, we aim to foster a 
non-polarized dialog based on the premises of always choosing 
the best suited research method available.
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The 3Rs Centre Utrecht:  
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13Rs Centre Utrecht, Utrecht University, Utrecht, The Netherlands; 
2Animal Welfare Body, Utrecht University, Utrecht, The Netherlands 
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The 3Rs Centre Utrecht (3RCU) is located centrally in the Neth-
erlands in one the largest biomedical research hubs of the country, 
the Utrecht Science Park. Our mission is to stimulate the devel-
opment, acceptance and implementation of methods that can Re-
place, Reduce and Refine animal experiments. In that order. 

We host a website that is a central hub for the 3Rs containing 
useful public tools and databases such as the humane endpoints 
website and the fetal calf serum-free cell culture database. We al-
so communicate on recent 3Rs developments via social media as 
Linkedin and Twitter. 

The 3RCU is part of a larger Utrecht initiative aiming to do bet-
ter science with fewer animals. We are embedded within the Ani-
mal Welfare Body Utrecht, that supervises the welfare of laborato-
ry animals and the quality of animal experiments in research and 
education, and we are closely affiliated to the TPI Utrecht program 
(Transition Program towards animal-free Innovation). 

This embedding provides us with direct access to researchers 
that are using, or that are planning to use, experimental animals. 
We aim to maximally facilitate researchers when they are con-
sidering in vitro methodology instead of in vivo approaches. Our 
strategy encompasses the use of targeted campaigns via social me-
dia to create adherence, the organization of working groups, in-
ternships, centralization of resources and bench space to create da-
ta in addition to ideas. We will present one program to showcase 
this integral approach making the 3RCU unique in the diversity of 
3R Centres.
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welfare assessment in sheep
Christine Häger, Steven R. Talbot and André Bleich 
Hannover Medical School, Institute for Laboratory Animal Science, 
Hannover, Germany 
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In orthopedic translational research, good pain management is 
mandatory for good animal welfare and methods for adequate pain 
and welfare assessment are rare. In search for an improved pain 
recognition, the aim of this study was the evaluation of facial ex-
pressions and telemetry-derived measurements after surgical inter-
ventions in sheep. 

After unilateral tibia osteotomy or subcutaneous transmitter im-
plantation, followed by unilateral tendon ablation in German black 
headed mutton ewes, clinical scoring was compared to SGS or the 
telemetry-derived parameters heart rate, temperature and activity. 
For the analysis of facial expressions, video recordings were per-
formed and blinded observers retrospectively assessed the Sheep 
Grimace Scale (SGS). In addition, saliva samples were collected 
and cortisol levels were determined using an enzyme-linked im-
munosorbent assay. 

After transmitter implantation and tendon ablation, clinical 
score and heart rates were slightly increased, whereas activity was 
decreased in individual sheep, especially within the first day af-
ter surgery. Body temperatures and cortisol levels were not al-
tered. Analysis of the video footage revealed significantly elevat-
ed SGS after tendon ablation within the first two days or for up to 
one week after osteotomy. In contrast, SGS only tended to be in-
creased after transmitter implantation. 

In conclusion, SGS and telemetry-derived heart rate and ac-
tivity indicated pain after the surgical interventions. Therefore, 
these methods, especially the non-invasive SGS, are highly rec-
ommended as additional parameter to clinical scoring for optimal 
pain recognition and postoperative management in sheep, conse-
quently contributing to refinement.
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The 3Rs principle and the validity  
of scientific research – A guideline  
by the Permanent Senate 
Commission on Animal Protection 
and Experimentation of  
the German Research Foundation
Valeska M. Stephan1,2, Cornelia Exner2,3 and Brigitte 
Vollmar1,2 
1Rostock University Medical Center, Germany; 2Permanent Senate 
Commission on Animal Protection and Experimentation of the German 
Research Foundation, Germany; 3Philipps-Universität Marburg, Germany 

valeska.stephan@med.uni-rostock.de 

The right to freedom of research as enshrined in the Basic Law for 
the Federal Republic of Germany and the constitutional objective 
of animal welfare are two important values with high relevance to 
animal experimentation in research in Germany. The “Permanent 
Senate Commission on Animal Protection and Experimentation of 
the German Research Foundation” is an interdisciplinary Commit-
tee of Experts that aims to mediate between these two values and 
striking a balance to achieve the best outcome for both interests 
in regards of the use of animal in research. To this end the Sen-
ate Commission published their guideline “Animal Experimenta-
tion in Research: The 3Rs Principle and the Validity of Scientific 
Research” on design and description of animal research projects. 
The effort to maximise the scientific validity and replicability of 
research findings while observing animal welfare through adher-
ing to the 3R principle must be the basis of study designs in animal 
research. In practice, tensions may arise between measures taken 
to advance animal welfare and the requirements for ensuring sci-
entific validity. Because of the interdependence of these aspects, 
policies for implementing the 3Rs principle should not be consid-
ered in isolation but should rather be integrated in the study de-
sign and included in descriptions of research projects. With these 
guidelines, the Senate Commission aims to contribute to the de-
bate on quality in biomedical research and to help define the spe-
cific requirements for conducting animal experiments. In addition, 
this publication supports researchers in the design and adequate 
description of research projects involving animal experimentation.
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The Netherlands National Committee for the protection of animals 
used for scientific purposes (NCad) investigated which animal 
models should preferably be replaced by New Approach Method-
ologies (NAMs). The idea was to arrive at a set of criteria pointing 
to the ethically most problematic animal models and experiments, 
for which replacement is therefore needed. 

A short list of eight criteria was analysed more in depth. These 
were proportionality, the stage of development of non-animal al-
ternatives, the number of animals used, the animal species, trans-
latability, the relevance of the aim of the experiment, the level of 
suffering and the level of infringement of integrity. 

Based on the analysis, six criteria were considered useful. The 
stage of development of a NAM is relevant as this determines the 
feasibility or resources needed to replace the animal study. The 
number of times an animal model is used and thereby the number 
of animals used in the long run should also be considered a crite-
rium. The relevance of the aim of the study and the level of suf-
fering are components of the harm-benefit analysis already. Most 
innovative is that we propose to use the infringement of the integ-
rity of an animal and translatability as explicit criteria to priori-
tize in replacing animal models and experiments. Together, this 
set of criteria can be helpful to actors like financiers and regulators 
to work towards the goal of replacing animal models and experi-
ments, starting with those that are ethically the most problematic. 
These criteria can also enrich the harm-benefit analysis.
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statistics tell us about the 3Rs  
and animal welfare in research?
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In recent years thorough statistics on the use of animals in research 
has been one tool to promote transparency in research with animals. 
Across the EU, member states publish their statistics on the use of 
animals in research annually and the EU Commission launched 
their database “ALURES” in 2021, which provides a comprehen-
sive overview of these statistics to inform the public. In the pub-
lic discussion on animal research these statistics have become a fo-
cus point and a synonym for good or bad welfare of laboratory ani-
mals. While aiming on replacing animal experiments with sufficient 
non-animal methods and reducing the number of animals needed 
in experiments should be a key goal in animal research and test-
ing, it shouldn’t be the main motivation that drives the discourse, 
nor the main indicator of progress as the statistics can’t capture im-
portant aspects such as efforts of refinement, improvements of ex-
perimental methods or the scientific findings achieved through ani-
mal research. The use of animals in research is complex, with com-
plex reasons, requirements and responsibilities and reducing it to 
one statistic veils the actual complexity of the topic to the public. 
While having a thorough statistic on the use of animals in research 
is certainly useful and informative, it needs to be embedded within 
a broader narrative and information to reflect the complexity of the 
subject and communicate it to the public.
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Banning or reduction of the use of animals for laboratory experi-
ments is a frequently-discussed societal and scientific issue. More-
over, the usefulness of animals needs to be considered in any deci-
sion process on the permission of specific animal studies. This com-
plex issue is often simplified and generalized in the media around 
the question, “Are animals useful as a model?” 

The series of articles named “On the usefulness of animals as a 
model system” – and published in the ALTEX journal Benchmark 
corner – has been initiated to provide a neutral platform for a ratio-
nal discussion addressing this question and providing tools to deter-
mine the value of using animal and non-animal models in different 
application areas. 

To render this often-emotional discussion about animal exper-
imentation more rational, it is important to define “usefulness” in 
a structured and transparent way. This series of articles discusses 
the overall benchmarking process by specifying six issues: (i) con-
sistency of animal-derived data (robustness of the model system); 
(ii) scientific domain investigated; (iii) measurement unit for “ben-
efit” (integrating positive and negative aspects); (iv) benchmarking 
to alternatives; (v) definition of success criteria (how good is good 
enough); (vi) the procedure to assess benefit and necessity. 

The goal is to guide what needs to be clarified in scientific and 
political discussions. This framework should help in the future to 
structure available information, to identify and fill information gaps, 
and to arrive at rational decisions in various sub-fields of animal use.
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Quantification and correct localization of pain are important as-
pects of animal welfare assessment. However, severity tests are of-
ten not sensitive enough to accurately detect pain and under anal-
gesia it is difficult to assess whether the animal would suffer from 
pain without medication. Following the need to sensitively assess 
pain, the aim of this study was to objectively quantify and local-
ize postoperative σ1-receptor-mediated pain during and after an-
algesia. 

Eighteen rats underwent surgical interventions (skin-incision or 
partial liver resection), while nine rats served as control. Analge-
sia was administered for three days consecutively. PET/CT imag-
ing was performed with [18F]Fluspidine on days 1, 4, and 7 after  
surgery. At each time point, three animals were euthanized for 
histological assessment of incision sites and organs. Postopera-
tive pain was also monitored by score-sheet, Open-Field-Test, and 
Von-Frey-Test. 

Despite analgesic treatment, image analysis and immunohisto-
chemistry showed a significantly higher σ1-receptor expression on 
postoperative day 1 at the incision site of rats that underwent par-
tial liver resection compared to the other groups, which might be 
caused by the additional opening of the peritoneum. However, be-
havioral and pain tests showed no impairment of animal welfare 
due to efficient analgesia. No σ1-receptor-mediated pain could be 
detected by image analysis and histology on days 4 and 7, which is 
in line with the Open-Field-Test and score-sheets. 

Imaging was able to sensitively detect postoperative σ1-recep-
tor-mediated pain independent of analgesia administration. There-
fore, [18F]Fluspidine PET/CT imaging may remarkably refine 
pain monitoring in future preclinical studies and may be used as 
reference to other severity tests.
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The Swedish 3Rs Center is located at the Swedish Board of Agri-
culture and has the Swedish National Committee for the Protection 
of Animals Used for Scientific Purposes as its steering group. The 
3Rs Center has just recently celebrated its first five years and it is 
today a natural contact point for the 3Rs in Sweden. 

An important cornerstone in the Center’s work is that it includes 
all 3 Rs – Replacement, Reduction and Refinement. The target 
groups thus also range all the way from researchers, funding- and 
governmental agencies to animal technicians and veterinarians 
and further to politicians and pupils. 

The 3R Center’s activities can be divided into several different 
areas: communication and networking, seminars and meetings, 
recommendations, education, information materials and support-
ing activities. Some mentionable examples are a digital focus let-
ter, annual meetings for animal welfare bodies and funding agen-
cies, recommendations on group housing of male mice and mark-
ing and tagging of fish, digital educational material for the upper 
secondary school, infographics on evaluation and formal valida-
tion of animal-free methods and collaboration with other Swedish 
government agencies. 

Working with all 3Rs is a strength when reaching out to our tar-
get groups. Information on Replacement and Refinement can be 
combined in the same activities and reach a broader audience. This 
inclusive approach is also true for the Swedish National Commit-
tee which is composed of representatives from academia, industry 
and animal welfare organizations. Thus, many different aspects of 
the 3Rs are represented and allowed to permeate the organization 
and our activities.
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GOLIATH, one of eight projects focused on endocrine disrupting 
chemicals within the EU H2020 EURION cluster, was set-up to ad-
dress the lack of new approach methodologies (NAM) for chemicals 
that disrupt metabolic processes – collectively referred to as met-
abolic-disrupting chemicals (MDCs). MDCs are natural or anthro-
pogenic chemicals promoting metabolic changes that can ultimately 
contribute to obesity, diabetes and/or fatty liver in humans. Howev-
er, MDCs are not yet addressed by chemical regulations. 

Focussing on the main cellular targets of metabolic disruption, 
GOLIATH is developing, optimising, and pre-validating NAMs se-
lected to address relevant MDC mechanisms with the aim of com-
bining them in an integrated approach to testing and assessment (IA-
TA) specifically tailored to MDCs. 

The results of interlaboratory prevalidation and augmentation 
studies of test methods modelling CYP enzyme induction, adipo-
genesis and peroxisome proliferator-activated receptor activation 
will be presented. Generally, the prevalidation activities successfully 
demonstrated that the methods were well standardized and ready for 
further validation. However, challenges related to relevance assess-
ment and reproducibility across laboratories were observed. These 
will be highlighted and recommendations to resolve them presented. 

GOLIATH will be pivotal in the development of an internation-
ally harmonised strategy for testing MDCs and contribute to as-
sessing chemical metabolic disruption hazards to help to reduce the 
worldwide rise in metabolic disorders that have reached “Golia-
than” proportions. 

 
This project has received funding from the European Union’s  
Horizon 2020 research and innovation program under grant  
agreement GOLIATH No. 825489.
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In 2023, all European member states have to report again the num-
ber of animals that have been bred but not used for scientific pur-
poses to the European Commission. The first report for 2017 has 
shown that with about 12.6 million animals this number signifi-
cantly exceeds the number of 9.4 million animals that were used 
in experiments. These so-called “surplus” animals regularly derive 
from breeding genetically altered animals, when i.e. animals do 
not exhibit the required genetic changes and are thus killed without 
being used in a procedure. 

In Germany, it is legally forbidden to kill any animal without a 
reasonable cause. Violations can be punished by fines or imprison-
ment for up to three years. Recently, the German Federal Admin-
istrative court decided to ban the killing of male chicken immedi-
ately after hatching as it saw no justification for it. This judgement 
has encouraged German NGOs to file criminal charges against 
several laboratory animal facilities accusing them of killing “sur-
plus” animals without a reasonable cause. 

Even though the concept of the reasonable cause might be a 
German peculiarity, “surplus” animals are a global phenomenon. 
Minimizing the number of “surplus” animals has the greatest po-
tential to reduce the number of laboratory animals. Optimized 
breeding strategies and colony management, use of cryoconser-
vation, gene editing methods and animals of both sexes are some 
measures to reduce “surplus” animals. As a first step the number 
of “surplus” animals should be transparently and annually report-
ed in every country. From 2021 onwards, Germany has decided to 
do so.
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of mice affects pharmacokinetic 
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There are limited studies which investigate the effects of labora-
tory animal handling and training (habituation) on scientific end 
points, e.g., pharmacokinetics, hindering implementation and re-
finement in both academia and industry. The purpose of this study 
was to investigate the effects of handling method (tail lifting vs 
tube lifting) and training (habituation to handling) on pharmaco-
kinetic end points as well as welfare parameters in a preclinical 
pharmacokinetic study using a well-defined pharmaceutical. CD1 
mice were either tail lifted without training, tube lifted without 
training or tube lifted with a 10-day training protocol. A pharma-
ceutical was then administered by oral gavage and a 24 h pharma-
cokinetics study was performed in an industry setting. Handling 
method and training affected the pharmacokinetic end points. The 
trained group had a higher maximum serum concentration (Cmax) 
and Cmax was reached faster compared to the other groups. The 
trained group also had 30% higher drug exposure, a critical mea-
sure of drug bioavailability, than tail and tube lifted groups. In ad-
dition, tube lifted mice had lower facial grimace scores than tail 
lifted mice, indicating lower levels of distress. Handler interaction 
after repeated blood sampling was highest in the trained group; on-
ly trained mice voluntarily touched and climbed on the handler af-
ter blood sampling. In conclusion, stress caused by tail lifting, oral 
gavage and blood sampling results in delayed drug absorption and 
reduced exposure. Stress could be reduced by gentle handling and 
habituation which may result in more relevant pharmacokinetic 
data, increased scientific quality and improved animal welfare.
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and host immune response 
during parainfluenza 3 virus 
(hPIV-3) infection in human 
precision-cut lung slices
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Parainfluenza 3 virus induces severe infections in immunocompro-
mised patients, which results in pneumonia and bronchiolitis. The 
infection is associated with virus transmission to the lower respira-
tory tract, and no antiviral treatments are available yet. To enable 
development of antiviral therapeutics, a better understanding and 
modelling of the pathogen-host interaction is essential. To replace 
animal experiments, we evaluated hPIV-3 infection in viable hu-
man precision-cut lung slices (PCLS) ex vivo. 

PCLS were inoculated with 105 ffu/mL and post-incubated for 
up to 72 h post infection and prophylactically treated with a spe-
cific antiviral inhibitor. Virus localization within the tissue, viral 
replication, local inflammatory host immune response and gene 
expression profile were analyzed. 

Ex vivo infected human PCLS by hPIV-3 showed a time-depen-
dent increase in hPIV-3 virus titer in the supernatant, confirming 
active virus replication, which correlated with local immune re-
sponse. hPIV-3 infection significantly induced secretion of key 
antiviral and pro-inflammatory cytokines such as IFN-α, IP-10, 
IFN-λ, IFN-γ, RANTES or IL-6 compared with uninfected con-
trol. Gene-expression profile revealed 193 differentially expressed 
genes (DEGs) mapped to innate and adaptive immune response 
upon infection. Novel antiviral treatment dose-dependently inhib-
ited hPIV-3 virus replication and reduced number of DEGs show-
ing promising results for future treatment. 

We show for the first time that parainfluenza infection of hu-
man lower respiratory tract tissue can be mimicked ex vivo and 
thereby reduce number of in vivo experiments. This enables fur-
ther in-depth evaluation of the T-cell specific immune response, 
which plays a crucial role in disease severity and can be used to 
profile antivirals.
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Tolerance of topical formulations 
on 3D reconstructed tissue models
Marisa Meloni and Laura Ceriotti 
VitroScreen srl, Italy 
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Local tolerance is a common pre-requisite before placing topical 
products on the market and its assessment is increasingly based 
on in vitro methods (EMA/CHMP/SWP/2145/2000 Rev.1). Val-
idated methods are available to classify chemicals and mixtures, 
but they are not applicable to assess the irritation potential of com-
plex mixtures, such as topical formulations to be applied on skin 
and epithelia. 

ISO 10993-23:2021 has validated the use of reconstructed hu-
man epidermis to assess skin irritation potential of medical device 
(MD) extracts and components and the same approach (cytotox-
icity assay) could be applied to assess epithelial irritation on other 
tissue barrier models if qualified in order to replace in vivo special 
irritation assays (e.g. corneal, oral, vaginal, rectal mucosae). 

To support the relevance and predictivity of reconstructed tis-
sues in topical formulations assessment, we analyzed the histor-
ical data available in our laboratory: different formulation types 
(emulsions, sprays, gels, surfactant-based formulations, ovules) 
intended to be used on oral or vaginal mucosa were considered. 
The experimental protocol was based on 1h exposure followed 
by product removal and 16 h recovery on Oral or Vaginal Human 
Epithelium. 

SDS was correctly predicted with viability < 50%; formula-
tions were classified as irritant or non-irritant to the oral mucosa 
or to the vaginal mucosa according to cell viability results alone 
or with other information gained on tissue integrity, morphology 
and inflammatory response. 

These data confirm the relevance of the in vitro approach on 3D 
tissue models, its flexibility and applicability to formulations re-
gardless their regulatory status.
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Reconstructed human epidermis (RHE) is one of in vitro skin ir-
ritation test methods. There are several validated RHE models in 
OECD test guideline 439 for the testing of chemicals. Most of 
them generate from normal human epidermal keratinocytes, how-
ever each model has a difference regarding age or race of donor. 
For instance, KeraSkin™ is constructed from Korean-originated 
keratinocytes. Therefore, it is necessary to investigate distinct dif-
ferences between the models. 

Cannabidiol (CBD) is a major compound derived from Cannabis 
Sativa, Hemp, and non-psychotropic plant unlike delta-9-tetrahy-
drocannabinol. CBD is known for anti-inflammatory, antioxidant, 
and anti-acne effects. It is possible to utilize medical cannabis un-
der regulation free zone in Korea recently. We could obtain 99.6% 
CBD from hemp which was grown in smart farm for this study. 

The purpose of the study is to evaluate skin irritancy of CBD 
with multiple RHE models, including EpiDerm™, SkinEthic™ 
RHE, LabCyte EPI-MODEL24 and KeraSkin™ according to the 
manufacturer’s instruction. CBD isolate powder and cream were 
used as test materials. Tissue viability was measured by MTT as-
say. The medium from every model were collected and inflamma-
tory cytokines (IL-1α, IL-6, TNF-α) were quantified by ELISA. 

All test materials were classified as non-irritant (> 50%) in all 
RHE models. Notably, expression of TNF-α was about twice as 
high in KeraSkin™ compared to others. These results suggest that 
various RHE models show different results in cytokine secretion 
due to characteristics of donor or individual protocols unlike tis-
sue viability.
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Predicting potential adverse effects of chemicals is a crucial com-
ponent of the drug development process. Traditional animal-based 
testing entails issues related to human relevance and ethics. More-
over, with the rising evidence of the role of mitochondria dysfunc-
tion at the base of many organ toxicities, relevant systems capa-
ble to capture cellular and mitochondrial toxicities constitute an 
impelling necessity. Here, we evaluate the use of iPSC derived in 
vitro systems in combination with a battery of specific assays for 
the delineation of test substances’ adverse profile in terms of mito-
chondrial toxicity. 

iPSCs were differentiated in some of the most perfused organ 
cell types (kidney, liver, heart, and vascular system) and exposed 
to a set of ten compounds, including drugs known to induce or-
gan toxicity, possibly via mitochondrial impairment. After 24 h 
of treatment, cytotoxicity (resazurin), oxygen consumption rates 
(OCR-Seahorse), glycolytic activity (lactate) and transcriptomics 
(TempoSeq) were assessed. 

Decreases in OCR in the absence of cytotoxicity allowed for 
detection of mitochondrial liabilities of compounds. Compari-
son of OCR, cell viability and increases in lactate upon treatment 
with the same chemical, revealed different sensitivities amongst 
the various in vitro systems, possibly because of targeted toxicity. 
Moreover, analysis of gene expression via genome wide transcrip-
tomics provided mechanistic insights on the substances’ mode of 
action. 

Successful detection of test compounds toxicity and their link to 
mitochondrial dysfunction, indicated that iPSCs derived models in 
combination with the proposed battery of in vitro assays may rep-
resent a useful tool to be implemented in the preclinical detection 
of chemical hazard.
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The evaluation of bioaerosols is very important for Public Health 
directly related to airway diseases and health effects. This study 
evaluated the applicability of MAT as a tool to assess the indoor 
air quality in laboratory areas at Fiocruz (Rio de Janeiro, Bra-
zil). Air samples were collected in 3 laboratories and 2 offices 
and analyzed for fungi count (CFUm-3) and MAT/IL-1β, IL-6 
(EEUmL-1). Results show that the outdoor fungal concentrations 
ranged from 673 to 1,530 CFU/m3 and the indoor count ranged 
from 212 to 825 CFUm-3. Fifty percent of samples showed 
CFUm-3 values above World Health Organization (WHO) and 
European Commission recommendations and 10% above recom-
mended by the Brazilian Health Regulatory Agency (ANVISA).  
A range of 2.46 to 6.15 EEUmL-1 for IL-1β and 3.23 to 6.41  
EUUmL-1 for IL- 6 were found when the outdoor pyrogenic ac-
tivity was analyzed. The indoor pyrogenic activity results ranged 
from 0.16 to 5.17 EEUmL-1 for IL-1β and from 0.49 to 5.70 
EEUmL-1 for IL-6. If we considered the value 0.5 UE/mL as pos-
itive control, 70% of the samples remained over this limit. Our da-
ta support that MAT is a rapid, reliable tool for measuring pyro-
gens that could be used as an indicator of IAQ. However, there is 
a need to establish limits for the total biological load (EEU) of the 
environment in order to know the possible health effects.
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Osteoporosis is a bone disease in which the bones become so weak 
and brittle that even a fall or a light strain, such as bending or stum-
bling, can lead to a fracture that affects the patient’s mobility. Oste-
oporosis occurs when new bone formation by osteoblasts does not 
keep pace with the breakdown of old bone by osteoclasts. Several 
risk factors can increase the likelihood of developing osteoporosis 
– including age, race, lifestyle, and medical conditions and treat-
ments such as glucocorticoids. 

To simulate glucocorticoid-induced osteoporosis (GIOP) for in 
vitro drug testing, we aim to establish and characterize an in vitro 
“healthy” human bone model exposed to glucocorticoids and fi-
nally treated with drugs for osteoporosis. 

Our model includes bone-anabolic osteoblasts and bone-cat-
abolic osteoclasts seeded on β-tricalcium phosphate (β-TCP). 
The anabolic bone was generated by seeding mesenchymal stro-
mal cells (MSCs) on β-TCP. To obtain seedable osteoclasts, we 
incubated peripheral blood-derived, CD14+-sorted monocytes 
using low-attachment plates for 21 days in ∝MEM, 5% human 
AB serum, 2 mmol L-glutamine, 25 ng/ml M-CSF, and 50 ng/ml 
RANKL. Differentiated cells were characterized in detail. 

Multinuclearity, u-shaped ß-actin-ring formation, and osteoclast 
activity confirmed by positive TRAP-staining and positive resorp-
tion assay delineated successful functional osteoclast differentia-
tion. These osteoclasts were seeded onto the MSC-seeded β-TCP 
construct, maintaining their functionality as confirmed by the se-
cretion of RANKL, MMP9, and free phosphate. 

Prospectively, we will transfer our “healthy” bone model by ap-
plying glucocorticoids into an osteoporosis (GIOP) model for pre-
clinical drug testing to finally achieve an in vitro 3D drug testing 
platform.
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Development and validation of next-generation in-vitro test sys-
tems to improve predictions of chemical-induced adversity for 
specific target organs is critical. Human-induced pluripotent stem 
cells (hiPSCs) are a valuable source for studying chemical-induced 
toxicities in various organ specific cell types within the same ge-
netic background. This enables the identification of organ-specific 
toxicities during chemical safety screening. Activation of stress re-
sponse pathways is an early key event towards organ injury. Moni-
toring critical genes within these pathways would both give insight 
in the mode-of-action and aid in the prediction of liabilities for 
adverse outcomes upon exposure. Here, using the CRISPR/Cas9 
technology we built a reporter panel in hiPSCs in which genes 
based on transcriptomic analysis for critical stress response path-
ways were endogenously tagged with eGFP. The hiPSC reporter 
panel covers inflammatory signalling, DNA damage, ER stress 
and oxidative stress response pathways. The activation of stress 
response pathways was monitored using live-cell confocal imag-
ing following chemical exposure in multiple cell types after dif-
ferentiation (e.g., hepatocyte-like cells, proximal tubular-like cells, 
cardiomyocytes). Differences in sensitivity towards chemical ex-
posure between different organ-specific cell types could be ob-
served. To study multi-cellular dependent responses and the util-
ity of more advanced 3D systems, these reporters can be grown as 
organoids for both liver and kidney. This allows to study cell-spe-
cific responses within a multi-cellular environment more recapitu-
lating the in vivo settings. We anticipate that stress response hiPSC 
reporters will help improve chemical safety testing allowing the 
identification of the mode-of-action as well as specific target organ 
or cell specific toxicities.

Presentation: Poster

mailto:moritz.pfeiffenberger@charite.de
mailto:b.water@lacdr.leidenuniv.nl


Poster AbstrActs

ALTEX Proceedings 11(2), 2023, WC12 Canada 281

555

Improving the use of human  
tissue and cells within  
research and education to 
reduce animal experiments
Bea Zoer1, Marieke Hoonakker1, Leane van Weereld1, 
Reineke Hameleers2, Monique Janssens2, Jan-Bas 
Prins2 and Pieter Roelfsema2 
1Advisor for the Netherlands National Committee for the protection 
of animals used for scientific purposes, The Hague, The Netherlands; 
2Member of the Netherlands National Committee for the protection of 
animals used for scientific purposes, The Hague, The Netherlands 

marieke.hoonakker@rvo.nl 

Research and education with human tissue and cells not only of-
fers the possibility to substitute and complement animal experi-
ments but can also improve the quality of research. The Dutch Na-
tional Committee for the protection of animals used for scientific 
purposes (NCad) investigated the possibilities to improve the use 
of human material in scientific research by identifying barriers and 
opportunities and formulating advises for improvement. The study 
was based on an in-depth literature study combined with inter-
views of experts. We focused on a) national laws and ethical codes, 
b) findability, accessibility, and availability of human tissue and 
cells for scientific research, c) national initiatives working on im-
provements in this plane. We also compared the situation to other 
countries within and outside the EU. 

We identified that many national laws regulate the use of human 
material for scientific and educational purposes, fragmenting the 
playing field and impeding the use of the material. The evaluation 
also highlighted that not only the availability of human material 
but also the findability of the material requires improvement. No 
large differences were observed with other EU and non-EU coun-
tries. Based on these observations we advise to: 1) better coordi-
nate laws and regulation 2) streamline, improve and uniform the 
processes, infrastructure, and the access to human material 3) har-
monize and improve exchange between bodies reviewing animal 
experiments and the use of human material. Implementing these 
advises can significantly contribute to the use of human material 
in education and research and contribute to the reduction of ani-
mal experiments.
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Institutes of Health, Bethesda, MD, United States; 6Institute of Medical 
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Hannover, Germany 
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Although Staphylococcus aureus is one of the most studied bac-
teria worldwide, little is known about its molecular pathogenesis 
during intestinal infections and its associated secondary functional 
gastrointestinal disorders. 

The aim of this study was to investigate alterations in the sterol 
metabolism and oxygen content in induced pluripotent stem cell 
derived intestinal organoids and colonic intestinal stem cell-de-
rived intestinal organoids, as well as Caco2 cells in response to S. 
aureus infections. 

During infection there was remarkable reduction of cellular to-
tal cholesterol, quantified using HPLC. To determine whether this 
reduction in cholesterol is caused by intrinsic changes in the ox-
ysterol pool, we analyzed 3 ring oxysterols and 2 side chain ox-
ysterols. Distinct differences in oxysterol levels were confirmed 
upon infection. Next, we characterized intra- and extracellular ox-
ygen level. Three different oxygen measuring approaches have 
been established to investigate the O2 levels in the cells and organ-
oids upon infection: (1) cell-penetrating nanoparticles to quanti-
fy intracellular oxygen level, (2) sensor plates to quantify the ex-
tracellular oxygen in the media and (3) sensor foil system for the 
distribution of the ambient oxygen in organoid cultures. All three 
methods revealed a significant intra- and extracellular drop of ox-
ygen in both intestinal organoids upon infection. In summary, we 
show that intestinal infection with S. aureus leads to cellular hy-
poxia associated with changes in sterol metabolism, which might 
be the cause of altered protein trafficking. These findings will help 
to understand cellular stress responses during persistent bacterial 
infections in the intestinal epithelium.
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Age and gender specific safety:  
Thyroid-mediated 
developmental neurotoxicity
Nathalie T. O. M. Dierichs1,2, Aldert H. Piersma1, 
Marion E. Meima2, Wouter E. Visser2, Nilhan 
Gunhanlar2, Robin P. Peeters2, Ellen V. S. Hessel1 and 
Anne S. Kienhuis1 

1National Institute for Public Health and the Environment (RIVM), 
Bilthoven, The Netherlands; 2Department of Internal Medicine, Erasmus 
MC University Medical Center, Rotterdam, The Netherlands 

anne.kienhuis@rivm.nl 

The Virtual Human Platform for Safety Assessment project (www.
vhp4safety.nl, NWA-ORC 1292.19.272) aims to accelerate the 
transition from animal-based testing to innovative safety assess-
ments by improving the prediction of harmful effects of chemi-
cals and pharmaceuticals based on human biology. We present the  
VHP4Safety case study “Age and gender specific safety: thy-
roid-mediated developmental neurotoxicity”. The aim is to devel-
op an animal-free strategy to assess the safety of compounds for 
thyroid disruption-mediated developmental neurotoxicity. First, 
the existing physiological data on thyroid homeostasis and brain 
development is used to generate a mechanistic map for the thy-
roid-brain-axis. This map, together with existing epidemiological 
and clinical data, will be used to develop a (quantitative) adverse 
outcome pathway ((q)AOP) network. In vitro models with which 
critical key events in the (q)AOP can be assessed will be selected 
in order to design a test battery for thyroid-mediated brain effects. 
We developed an AOP network based on available data of existing 
thyroid related AOPs and human physiology. By combining this 
data, critical molecular initiating events and key events were iden-
tified and used as a basis for in vitro testing. Cell models that mea-
sure how chemicals affect the T3 and T4 levels in brain-specific 
cells such as neurons, astrocytes and oligodendrocytes have been 
developed. These models can be used to study the effect of com-
pounds that disrupt the thyroid hormone balance in the brain. Tak-
en together, the results will contribute to a testing strategy that can 
predict how chemicals affect brain development. Further research 
will include other in vitro models.
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Simulating arthritis in an animal-free 
in vitro 3D synovial membrane model
Moritz Pfeiffenberger1,2, Emely Rosenow1,2, Julia 
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Alexandra Damerau1,2 
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Osteoarthritis (OA) is the most common joint disease, with rheu-
matoid arthritis (RA) representing the most common autoimmune 
arthritis. Fibroblast-like synoviocytes (FLSs) of the synovium are 
critical drivers of arthritis. In contrast, macrophage-like synov-
iocytes (MLSs) have been implicated in maintaining barrier func-
tion. However, the impact of FLSs and their interaction with MLSs 
on cartilage degradation remains elusive. 

Here, we aimed to develop an animal-free, human-centered, in 
vitro 3D synovial membrane model that reflects the (patho-)phys-
iology of the synovium to study the course of arthritis and new 
therapeutic strategies. 

Bone marrow-derived mesenchymal stromal cells (MSCs) were 
used to reflect the physiological state compared to FLSs from OA 
patients. Blood-derived monocytes were differentiated into either 
M1 or M2 macrophages, with M2 mimicking MLSs. Cells mim-
icking FLSs and MLSs were incorporated into a synthetic RGD 
hydrogel and stacked layer-by-layer, mimicking the lining and 
sublining layer in an animal-free in vitro 3D model. 

Tumor necrosis factor-α treatment increased, e.g., FLSs prolif-
eration reflecting pannus formation typical of RA. Transforming 
growth factor-beta and OA synovial fluid induced an OA-like fi-
brotic phenotype as evidenced by increased expression of ACTA2 
(actin alpha-2, smooth muscle) and SERPINE1 (serpin family E 
member 1) compared to the untreated control. M2-MLSs in the 
lining layer significantly attenuated both effects compared to M1-
MLSs. 

Our in vitro 3D synovial membrane model allows for studying 
cytokine-driven cellular changes and cell-cell interaction in a de-
fined manner. Prospectively, we aim to provide an in vitro alterna-
tive for preclinical drug screening by incorporating both M1 and 
M2 macrophages.
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Tissue-specific network 
analysis to predict the 
hepatotoxicity of chemicals
Marie Pier Scott-Boyer1, Antoine Bodein1, Romain 
Grall2, Bathilde Ambroise2, Anne Riu2, Arnaud Droit1 
and Olivier Perin2 
1CHU de Quebec-Université Laval, Canada; 2L’Oréal Research & 
Innovation, Aulnay-sous-Bois, France 

mariepier.scottboyer@crchudequebec.ulaval.ca 

Development of new approach methodologies to characterize a 
potential hazard of cosmetic ingredients is a pivotal topic since the 
animal testing ban. Qualitative and quantitative methods to iden-
tify biological similarities, mechanism of action (MoA) and point 
of departure (PoD) are needed. Omics data have emerged as valu-
able source of knowledge to address these topics. In recent years, 
toxicogenomic datasets emerged to document systemic gene ex-
pression and their downstream effects on toxicological endpoints. 
Among the many options, network analysis appears to be very 
promising computational methods and have been proven useful for 
integration and exploration depicting complex interactions. In this 
work, we used network analysis to characterize and evaluate the 
hepatotoxicity level of chemicals. 

We constructed a multi-layer, liver-specific molecular network 
by integrating multi-omics datasets including gene expression of 
human HepG2 cell line, protein-protein interactions, drug targets, 
pathways and adverse events. An analytical framework consist-
ing of network signal diffusion and module detection was devel-
oped to help predict mechanisms of drug-induced liver toxicity. 
This approach was benchmarked on gene signature of hepatotox-
ic and non-hepatotoxic compounds obtained from transcriptom-
ic dataset. 

Liver specific networks analysis allowed to go beyond conven-
tional transcriptomics exploration by 1) refining enrichment and 
highlighting relevant MoAs, 2) connecting genes and pathways to 
proteins, drugs and adverse effects to enrich biological interpreta-
tion and 3) detecting modules allowing quantification of pathways 
activation, paving the way for PoDs. 

This framework has been packaged in an R tool that builds 
networks to identify potentially hepatotoxic chemicals and their 
MoA.
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Re-evaluating the need for chronic 
toxicity studies with therapeutic 
monoclonal antibodies, using  
a weight of evidence approach
Fiona Sewell1, Hsiao-Tzu Chien2, Helen Prior1, Katrin 
Schutte3, Lucinda Weir4 and Peter van Meer2 
1NC3Rs, United Kingdom; 2Medicines Evaluation Board, The Netherlands; 
3European Commission DG Environment, Belgium; 4GSK, United 
Kingdom 

helen.prior@nc3rs.org.uk 

To support registration of monoclonal antibodies (mAbs) for 
chronic indications, 6-month toxicity studies have historical-
ly been conducted as per ICH S6(R1) guidance. Experience with 
mAb development has shown a relatively benign and well-under-
stood safety profile for this class, with most toxicity findings an-
ticipated based on pharmacology. Under an EPAA supported and 
funded project, a consortium of 14 pharmaceutical companies, the 
Medicines Evaluation Board (MEB) and the NC3Rs conducted a 
study to evaluate whether a 6-month toxicity study is still neces-
sary to assess the long-term safety of mAbs. Data on First-in-Hu-
man (FIH)-enabling and chronic toxicity studies were shared for 
142 mAbs submitted by 11 companies. Opportunities to further 
optimize study designs to reduce animal usage were identified. 
For 71% of mAbs, no toxicities or no new toxicities were noted 
in chronic studies compared to FIH-enabling study findings. New 
toxicities related to exaggerated pharmacology or ADA-mediat-
ed (not considered of human concern) were identified in 15.3% of 
cases. New toxicities of potential concern for human safety or that 
changed trial design were identified in 13.5% of cases, with 7% 
being considered critical and 2% leading to program termination. 
An iterative, weight-of-evidence model which considers factors 
that influence the overall risk for a mAb to cause toxicity was de-
veloped, to drive selection of the optimal duration of toxicity study 
without defaulting to a study of 6 months duration. This model en-
ables an evidence-based justification, suggesting when 3-month 
toxicity studies are likely sufficient to support late-stage clinical 
development and registration for some mAbs.
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Group versus individual housing 
in male and female laboratory 
mice: A multicenter study reveals 
only subtle differences in severity
Anne Stephanie Mallien1, Steven R. Talbot2, Laura 
Becker1, Christiane Brandwein1, Natascha Pfeiffer3, 
Anna Munk4, Verena Buchecker4, Anne Rix5, Jasmin 
Baier5, Renee Girbig5, Sarah Neunecker6, Miriam 
Vogt6, Rupert Palme7, Andre Bleich2, Fabian 
Kiessling5, Heidrun Potschka4, Sabine Chourbaji6 and 
Peter Gass1 
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Imaging, Medical Faculty, RWTH Aachen University, Aachen, Germany; 
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anne.mallien@zi-mannheim.de 

Finding ideal housing conditions for laboratory mice is a pivotal 
but challenging task. After all, mice are the most frequently stud-
ied animal model and their welfare must be promoted for ethical 
and scientific reasons. The required stable and harmonious groups 
housing as demanded by EU Directive 2010/63 very often turns 
out to be difficult. This poses a problem for the comparability be-
tween male and female mice, which can be kept more easily in 
groups. In most studies including both sexes, mice are housed in 
the same social condition, even though individual housing is pre-
sumed to be more stressful for female animals than for males. 

We aimed to clarify the severity of group and single housing for 
each sex. Thus, this study serves to refine and optimize the quality 
of animal experiments. 

We conducted a multicenter study at four sites (Aachen, Mann-
heim, Munich, Heidelberg) to provide an evidence-based severi-
ty assessment of group and individual housing in both sexes. The 
multicenter approach seeks improved robustness and external va-
lidity. 

For stress assessment, we used animal behavioral and phys-
iological parameters as indicators of severity. All data were re-
corded, centrally collected and statistically analyzed. We test-
ed C57BL/6 mice from the identical litters simultaneously in all 
experimental sites with the same protocol. Despite the definition 
of controlled factors, standardized factors and standard operating 
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The inter-individual  
toxicodynamic variability 
of cellular stress response 
transcriptomic perturbations 
upon chemical exposure
Marije Niemeijer, Natasha Tahir, Sylvia Le Dévédec, 
Giulia Callegaro, Martijn J. Moné and Bob van de 
Water 
Leiden Academic Centre for Drug Research (LACDR), Leiden University, 
The Netherlands 

b.water@lacdr.leidenuniv.nl 

Chemical safety assessment can be improved by accounting for in-
ter-individual variability in toxicodynamic responses. An early key 
event of chemical-induced injury is adaptive stress response ac-
tivation, a cellular mechanism to overcome stress. Given the di-
versity in adverse outcomes, mapping inter-individual differences 
within stress response activation is key. This could improve drug 
toxicity screening and help define data-driven safety factors ac-
counting for variability. We profiled the transcriptome of a pan-
el of 50 cryo-preserved primary human hepatocytes derived from 
different individuals exposed for 8 or 24 h to a broad concentration 
range of stress response inducers. Variances in concentration-de-
pendent stress responses among individuals were captured, with 
average benchmark concentrations displaying maximum differ-
ences of 864, 13, 13, and 259-fold among different hepatocytes for 
UPR, oxidative stress, DNA damage and NF-κB signaling-relat-
ed genes, respectively. Human population modeling revealed that 
small panel sizes systematically under-estimated variance and re-
sulted in low probabilities in estimating correct variances among 
humans. Estimated toxicodynamic variability factors were up to 
2-fold higher than standard uncertainty factors of 101/2 to account 
for population differences during risk assessment. Next, toxicody-
namic transcriptomic variability among peripheral blood mono-
nuclear cells from a large panel of healthy volunteers considering 
different age, sex and ethnicity, will be assessed following chemi-
cal exposures. Variability in weighted co-expressed gene networks 
will be combined with human population modelling to define da-
ta-driven safety factors for specific stress response networks. 
High-throughput transcriptome analysis combined with popula-
tion modelling improves understanding of variability in stress re-
sponse activation across the human population, thus aiding im-
proved adversity predictions.
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Considering xenotransplantation  
and other more viable  
solutions to the organ shortage
Catharine Krebs, Janine McCarthy, Reina Pohl, Ann 
Lam and Kristie Sullivan 
Physicians Committee for Responsible Medicine, United States 
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Organ transplantation is the standard of care for end-stage organ 
failure, but the demand for organs surpasses supply and leaves pa-
tients waiting – over 100,000 per year in the United States alone. 
Efforts to resolve the organ shortage through increasing organ do-
nations, optimizing matching, and improving organ recovery and 
transport are promising but have not been able to close the treat-
ment gap. Recent advances in gene editing and pig-to-nonhuman 
primate transplantation have led to renewed attention in pig-to-
human xenotransplantation as a viable alternative to organ trans-
plantation. However, significant immunological, ethical, and eco-
nomic concerns restrict xenotransplantation as a viable alterna-
tive, including risks posed to organ recipients, zoonoses, animal 
use, financial costs for patients and insurance payers, and the op-
portunity cost of diverting finite public funds away from more vi-
able strategies. Despite these serious issues, researchers, medical 
practitioners, and ethicists generally operate under the assumption 
that xenotransplantation should proceed and have forged ahead. A 
more careful consideration of xenotransplantation and other solu-
tions to the organ shortage is therefore warranted. This presenta-
tion will discuss these considerations and provide recommenda-
tions for shifting research and resources toward more tenable 
strategies. Namely, the need for transplantation can be averted by 
preventing the end-stage chronic diseases that land patients on the 
organ waitlist; by pursuing more immediate strategies like opti-
mizing living donation, improving the diagnosis and management 
of organ rejection, expanding donor criteria, and shifting to opt-
out donation systems; and by investing in the development of saf-
er, more ethical biotechnological solutions like organ bioprinting.
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procedures between laboratories, the common observation that 
“mice fight more in some labs than in others” was confirmed. We 
found no or only subtle effects due to housing conditions, espe-
cially in female mice.
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How to assess the risk of  
chemicals causing skin sensitisation 
without using animals:  
The role that in silico tools play
Charles Modlin1 and Martyn Chilton2 
1Lhasa Limited, United States; 2Lhasa Limited, United Kingdom 

charles.modlin@lhasalimited.org 

Cosmetic products require risk assessment for, amongst other 
adverse outcomes, potential skin sensitisation reactions. In vivo 
tests, such as the murine Local Lymph Node Assay and Guinea 
Pig Maximisation Test, have traditionally been used for risk as-
sessment surrounding skin sensitisation. However, there is a sub-
stantial ethical and scientific impetus to move away from animal 
models when suitable New Approach Methodologies (NAMs) 
can adequately replace historical animal testing methods. Recent 
progress made in NAMs, coupled with advances within in sili-
co skin sensitisation prediction capabilities, has enabled the de-
velopment of non-animal Next Generation Risk Assessments 
(NGRAs). Herein, we describe a case study employing NAMs 
within an NGRA framework to provide a skin sensitisation as-
sessment for benzyl benzoate using the following sources of in-
formation: a search of historical in vivo data (returning a mix of 
weakly sensitising and non-sensitising results), an in silico haz-
ard prediction from Derek Nexus (returning an alert for benzyl 
esters), a Read Across prediction via a k-nearest neighbour model 
(predicting moderate sensitisation potential), an exposure-based 
waiving assessment using the Dermal Sensitisation Thresholds 
(identifying benzyl benzoate as reactive), and an integration of 
NAM data via Lhasa’s ITSv1 Defined Approach Web Tool (re-
turning inconclusive results, corroborating results from other De-
fined Approaches). When the available NAM data is considered 
in an overall Weight of Evidence, benzyl benzoate is classed as a 
GHS 1B sensitizer, indicating weak/moderate sensitisation poten-
tial. The approach described above demonstrates the effectiveness 
of non-animal NAMs, including in silico methodologies, in the 
assessment of skin sensitisation potential.
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Using in vitro data and PBPK models 
to predict inhalation toxicity
Xiaoqing Chang1, Emily Reinke1, Amber Daniel1, David 
Allen1, Nicole Kleinstreuer2 and Moiz Mumtaz3 
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In vitro assay data can be used to predict safe chemical exposure 
levels when combined with reverse dosimetry that utilizes phar-
macokinetic data. We conducted a proof-of-concept study to 
evaluate using non-animal approaches to inform inhalation haz-
ard identification and assessment. We selected 20 volatile organ-
ic compounds (e.g., styrene, tetrachloroethylene) for evaluation 
based on the abundance of pharmacokinetic data and availabil-
ity of published minimal risk levels derived from inhalation ex-
posure studies. We obtained from public databases activity con-
centrations that were derived from in vitro assays measuring di-
verse endpoints (e.g., genotoxicity, cytochrome p450 activation, 
transcriptome analysis). Using these data, reverse dosimetry was 
performed with open-source and commercial PBPK modeling 
tools to estimate daily equivalent administered doses (EADs) that 
would result in plasma and lung concentrations equivalent to the in  
vitro activity concentrations. The EADs were then compared to the 
in vivo point of departure (POD) or published minimal risk levels. 
Our preliminary results showed that the estimated EADs based on 
lung concentration were closer to in vivo PODs than those based 
on plasma concentration for most chemicals. The differences be-
tween EADs and in vivo data varied greatly among chemicals and 
across assays. The EADs estimated using in vitro assays measur-
ing endpoints more mechanistically relevant to in vivo toxicity bet-
ter predicted in vivo PODs than EADs estimated using in vitro as-
says measuring nonspecific effects (e.g., cytotoxicity assays). This 
project demonstrates a promising approach for predicting inhala-
tion toxicity using non-animal approaches. 

This project was funded by NIEHS under Contract No.  
HHSN273201500010C.
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Mechanisms of metal exposure  
on neuronal differentiation in  
the human neural progenitor test
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Current safety testing of compounds for developmental neurotox-
icity (DNT) is performed in animal experiments, if performed at 
all, which has limitations and ethical issues. There is, therefore, 
a need for animal-free testing strategies that better mimic human 
physiology. Human-based stem cell assays are promising models, 
since they mimic cellular events that occur during early brain de-
velopment, especially processes related to neuronal differentia-
tion. 

Here we investigated the ability of the human neural progeni-
tor test (hNPT) to discern mechanisms of action of three metals 
that are known to affect brain development: methyl mercury (II) 
chloride (MeHg), lead acetate (PbAc) and sodium (meta) arse-
nite (NaAs). The hNPT consists of human stem-cell-derived neu-
ral progenitor cells that are differentiated to a neuron-astrocyte 
co-culture in ten days. During this differentiation, hNPT was ex-
posed to the compounds at concentrations below effects on cell 
viability. Whole transcriptome analysis was performed using 
RNA-Seq. GO-term enrichment showed that MeHg affected gene 
expression relating to synaptic signalling, while PbAc did not reg-
ulate specific neuronal GO-terms. Signalling Pathway Impact 
Analysis on the data revealed that PbAc may affect axon guid-
ance and confirmed the effects by MeHg on synaptic transmission. 
NaAs did not show enriched GO-terms or pathways at non-cy-
totoxic concentrations, suggesting that the mechanistic action of 
this compound may be outside the applicability domain of hNPT. 
These results show that hNPT may be a suitable model to detect 
specific DNT effects of compounds and further defines its biolog-
ical domain. This contributes to determine the potential place of 
hNPT in testing strategies.
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In silico NAMs for nanomaterials: 
Where have you been, 
where are you going to?
Tomasz Puzyn1,2 
1University of Gdansk, Poland; 2QSAR Lab Ltd., Poland 

tomasz.puzyn@ug.edu.pl 

In 2023, at the request of the European Chemical Agency (ECHA) 
and the European Union Observatory for Nanomaterials (EUON),  
we conducted a comprehensive review of NAMs available for 
nanomaterials. This included evaluating more than 140,000 re-
search papers, 208 deliverables from 23 EU projects, and 140 oth-
er documents (test guidances, protocols, etc.). 44 of the 221 identi-
fied NAMs referred to computational (in silico) methods. 

This talk aims to summarize state-of-the-art and discuss per-
spectives of further development of nano-specific in silico meth-
ods. We will present examples of computational models for pre-
dicting properties important for nanoparticle safety assessment, 
including models previously developed in our group. Special at-
tention will be put on the need for an appropriate representation of 
the nanomaterials’ structure and the influence of the system (envi-
ronment) on these properties. Finally, we will deliberate on neces-
sary needs and directions for updating the EU-US Nanoinformat-
ics 2030 Roadmap.
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Comparison of points of departure  
in development of an in vitro  
to in vivo developmental toxicant 
identification workflow
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mlinakis@ramboll.com 

New approach methodologies (NAMs) represent one of the most 
promising avenues for the reduction and/or replacement of ani-
mals in toxicology. While there have been significant strides in the 
generation and evaluation of NAMs in the past few years, there are 
still some notable gaps in their coverage, including in the determi-
nation of developmental toxicity (DevTox). Estimation of DevTox 
potential will require consideration of biokinetic and biodynam-
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Acute fish cell toxicity testing  
in real-time with the 
RAINBOWflow CHIP biosensor
Jenny Maner1,2, Carolin Drieschner3, René 
Schönenberger1, Christian Ebi1, Philippe Renaud4  
and Kristin Schirmer1,2,4 
1Eawag, Switzerland; 2ETH Zurich, Switzerland; 3HSE∙AG, Switzerland; 
4EPFL, Switzerland 

jenny.maner@eawag.ch 

We developed a biosensor for real-time testing of acute toxicity 
of chemicals and water samples using fish cells under flow con-
ditions. Permanent fish cell lines can accurately and reproducibly 
predict fish acute toxicity, as illustrated in ISO 21115 and OECD 
TG249 using the rainbow trout (Oncorhynchus mykiss) RTgill-W1 
cell line. However, these tests are carried out under static exposure 
conditions and assess cell viability only at a single time point, after 
chemical exposure. Thus, no information is gained on how toxic-
ity develops over time. For our RAINBOWFLOW CHIP, we use 
the RTgill-W1 and the RTgutGC epithelial cell lines from rainbow 
trout in a microfluidic setup. The fluid flow creates a shear stress, 
which is a physiological stimulus to epithelial cells. Cell viability 
is monitored continuously during exposure by Electric Cell-sub-
strate Impedance Sensing (ECIS); this method measures the resis-
tance created by cells adhering to small electrodes to an electric 
current. The resistance reflects their health status; it can be mea-
sured quickly and non-invasively. By testing a set of model com-
pounds with different physicochemical properties and toxic modes 
of action we show the wide applicability of the system, with differ-
ent chemicals showing different toxicity profiles over time. More-
over, the biosensor can be used for the testing of water samples, 
and an extension for on-line water quality monitoring in the field is 
also currently being implemented. In conclusion, the RAINBOW-
FLOW CHIP biosensor is a versatile setup for in vitro acute toxic-
ity testing which includes a range of factors previously neglected.
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matory agents (e.g., Pimecrolimus). Tissue viability was analysed 
by ATP-assay and cytokine release via ELISA. PCIS morphology 
was analysed using hematoxylin-eosin staining and immunofluo-
rescence. 

PCIS showed disease-relevant differences such as disrupted 
epithelial barrier and accumulation of immune cells, especially 
CD4+ and CD8+ T-cells in IBD-PCIS. Upon T-cell specific stimu-
lation, IBD-PCIS released higher levels of T-cell cytokines such as 
IL-2 (~2.5-fold), IL-10 (~3-fold) and IL-17A (~7-fold), compared 
to non-IBD tissue. These effects were inhibited when PCIS were 
treated ex vivo with anti-inflammatory drugs demonstrating that 
the immune response can be modulated in our model. 

In conclusion, our results confirm increased presence and ac-
tivity of T-cells in IBD-PCIS and their immunological activity is 
also modulable. Human PCIS offer great potential for investigat-
ing disease-specific markers with high translational relevance ex 
vivo and to test pharmaceutical interventions without animal ex-
periments.
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Using masculinized brain organoids  
to study the male bias  
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Maren Schenke1,2, Bettina Seeger2 and Lena Smirnova3 

1Bloomberg School of Public Health, Center for Alternatives to Animal 
Testing, Johns Hopkins University, Baltimore, MD, United States; 2Institute 
for Food Quality and Safety, Research Group Food Toxicology and 
Alternative/Complementary Methods to Animal Experiments, University of 
Veterinary Medicine Hannover, Foundation, Germany; 3Bloomberg School 
of Public Health, Center for Alternatives to Animal Testing, Johns Hopkins 
University, Baltimore, MD, United States 

maren.schenke@posteo.de 

While the brains of men and women are largely very similar, some 
profound sex-specific differences arise during neurodevelopment, 
which, e.g., manifest in the occurrence of neurological disorders. 
In the case of autism spectrum disorder (ASD), a polyetiological 
neurodevelopmental disorder, males are four times more likely to 
be affected than females. Suspected to be the basis of those differ-
ences in humans are androgens, which induce the masculinization 
of the prenatal male brain, while the female brain is developing 
in the absence of androgens. In contrast, in rodents, estrogens are 
conveying the masculinization of the brain. 

Since the underlying pathways are human-specific, we use hu-
man brain organoids to model the masculinization of the brain in 
vitro. For this, brain organoids were generated from human iPSCs 
and then exposed to sex hormones during the sensitive period of 
their differentiation. We analyzed the expression of selected recep-

ic factors resulting from maternal changes and fetal development. 
We are currently developing a workflow for in vitro to in vivo ex-
trapolation of DevTox effects. The aspect of the study described 
here quantitatively evaluated available DevTox endpoints by com-
paring the traditional points of departure (in mg/kg/day) using 
DevTox in vivo data (PODTrad,DevTox) and NAM-based PODs 
using all available in vitro data (PODNAM,all) or DevTox data  
(PODNAM,DevTox) from the CompTox Dashboard. Of 26 chemi-
cals that have been well-studied for developmental toxicity, 21 had 
at least one in vitro assay identified as having a DevTox endpoint. 
When comparing assays with different levels of biological com-
plexity, cell-based and whole organism assays had similar AC50s 
(50% active concentrations) while protein-based assays had high-
er AC50s on average. The PODNAM,DevTox was more conser-
vative than the PODTrad,DevTox 67% of the time (10/15, where 
15 chemicals had in vivo data identified as having a developmen-
tal endpoint). Including all bioactivity assays, PODNAM,All was 
conservative 87% of the time (13/15). We are currently working to 
optimize the categorization of DevTox assays to more accurately 
predict potency of potential developmental toxicity via different 
modes of action.
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Modulation of T-cell immune 
response in precision-cut intestinal 
slices from IBD patients ex vivo
Klaudia Grieger1, Valerie Beneke1, Vanessa Neuhaus1, 
Susann Dehmel1, Alexander Wagner2, Ulf Kulik2, 
Christina Hesse1, Armin Braun1 and Katherina Sewald1 
1Fraunhofer Institute for Toxicology and Experimental Medicine ITEM, 
Member of the German Center for Lung Research (DZL), Member of 
Fraunhofer Cluster Immune Mediated Diseases (CIMD), Hannover, 
Germany; 2Hannover Medical School, Germany 

klaudia.maria.grieger@item.fraunhofer.de 

Inflammatory bowel diseases (IBD) are chronic, gastrointestinal 
disorders with steadily increasing prevalence. The unmet medical 
need for treatment of IBD patients requires the development of hu-
man-based immunocompetent models that contribute to transla-
tional knowledge. Moreover, the use of models that accurately rep-
licate the human disease state are essential and can reduce animal 
experiments. Using viable, ultrathin tissue sections (precision-cut 
intestinal slices; PCIS), which contain all relevant intestinal cells 
in their native microenvironment, we aimed to assess local T-cell 
reactivity in PCIS of IBD and non-IBD patients ex vivo. 

Therefore, we treated PCIS, prepared from human ileum resec-
tions, ex vivo for 24 h with T-cell activating as well as anti-inflam-
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applying for funding with our organisation. Results of the 2023 
survey will be presented. 

Highlight statement: Education on NAMs inspires young scien-
tists and gets them excited about NAMs and the transition towards 
animal-free innovations, even within the challenging environment 
of the Laboratory Animal Science Course.
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Five years of 3R research 
funding: Measuring the impact
Laura Behm, Karin Schmelz, Ida Retter, Lisa 
Grohmann, Julia Biederlack, Katharina Kawall, 
Vladyslav Lemberg, Corinna Pelz, Jennifer Rosowski, 
Katarina Riesner and Stefan Hippenstiel 
Charité 3R, Charité – Universitätsmedizin Berlin, Germany 

karin.schmelz@charite.de 

Bringing about a cultural change in biomedical research, which 
embodies the 3Rs principles, is part of the vision of Charité 3R, 
which is an infrastructure of Charité – Universitätsmedizin Berlin. 
A total budget of 6 Mio € for Charité-internal 3R research projects 
has served as an extraordinary measure striving for this vision. 

The overall idea of this 3R funding program is to close exist-
ing funding gaps and provide start-up money to overcome the per-
sistence of established methods. Importantly, funding intends to 
enable researchers to subsequently apply for external funding to 
implement 3R approaches. During the last 5 years, 15 calls tai-
lored for different stakeholder groups were developed to account 
for different 3R-related needs. Calls for “Refinement” or “Add-
ing 3R Value to ongoing funded research projects” were repeated, 
while others were unique, such as the “3R Collaborative Research 
Network” call or the “Tandem Projects” call combining two young 
scientists from different disciplines for improving robustness of a 
3R method. Independent external evaluation of the proposals en-
sured high quality and competitive research projects, while each 
evaluation process was specifically designed towards the aims of 
the respective call. 

The projects were funded with a significant budget – but how 
to measure its impact? Quantitative measures show quite a suc-
cessful performance – e.g. 49 publications in peer reviewed jour-
nals until today. However, an additional qualitative evaluation that 
depicts the individual impact for single researchers and research 
fields is challenging. We go for it and look forward to a fruitful 
discussion on our approach.

Presentation: Poster

tors and enzymes as well as targets of androgen signaling to fur-
ther investigate the pathways of brain masculinization, which can 
be recapitulated effectively in human brain organoids. Further-
more, cellular features related to the sexual differentiation of the 
brain and perturbed in ASD such as synaptogenesis and excitato-
ry/inhibitory balance are investigated in organoids derived from 
either typically developed donors or from donors that were diag-
nosed with ASD. 

Thus, human brain organoids are a promising model to investi-
gate the role of sex hormones in the development of autistic fea-
tures and can contribute to understanding the male bias in ASD. 

 
Funded by the Deutsche Forschungsgemeinschaft 
(DFG, German Research Foundation) – 507269789
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ReplacEd – How we educate on  
the use of non-animal methods  
as an animal welfare organisation
Saskia Aan1 and Debby Weijers2 
1Stichting Proefdiervrij (The Dutch Society for the Replacement of Animal 
Testing), The Netherlands; 2Stichting Proefdiervrij (Dutch Society for the 
Replacement of Animal Testing), The Netherlands 

saskia@4aan.nl 

Background: Young scientists often find themselves at a crossroad, 
in deciding whether to perform animal experiments as part of their 
research, or whether to focus on non-animal methods (NAMs). As 
an animal welfare organisation we aim to inspire young scientist 
about the possibilities of NAMs by providing education (for the 
past 10 years). As an NGO we have the unique position to provide 
independent education on NAMs and the transition towards ani-
mal-free innovations. 

Method: Each year we give around 35 lectures with a debate 
component on NAMs within the challenging environment of the 
Laboratory Animal Science Course at universities throughout the 
Netherlands. We measure the impact and effect of our education 
amongst the students of this course, through a long-term survey, 
which we started in 2015 and are continuing in 2023, to retrospec-
tively compare results. 

Results: Although students take part in this course to receive 
certification to perform animal experiments, we have seen great 
enthusiasm from students to discuss NAMs. Through the first it-
eration of the survey, we have already learned that around 70% 
of students changed their opinion after the lecture. And we have 
witnessed changes in behaviour of these students, with students 
changing the focus of their scientific career path and even students 
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An AOP for oxidative stress 
in plaque formation
Linsey Haswell1, Michael McEwan1, Brian Keyser2, 
David Smart1, Kristen Jordan2, Damien Breheny1 and 
Patrudu Makena2 
1British American Tobacco, United Kingdom; 2Reynolds American, United 
States 

david_smart@bat.com 

Adverse outcome pathways (AOPs) have been developed as a risk 
assessment tool for regulatory applications. These AOPs describe 
a logical mechanistic sequence of events, starting with a Molec-
ular Initiating Event (MIE), and ultimately leading to a clinical-
ly adverse outcome via a series of Key Events (KE). The AOP 
framework provides a system to make predictions and assessments 
while reducing the need for in vivo assessment. 

In the absence of epidemiological evidence, assessment of the 
health effects of a product, chemical or therapy on the progres-
sion of atherosclerosis traditionally has necessitated long term ex-
posure studies on animals such as the Apolipoprotein E deficient 
mouse. 

We followed Organisation for Economic Co-operation and De-
velopment (OECD) guidelines to formulate and propose an AOP 
for atherosclerotic plaque progression, collating the evidence 
characterizing how cigarette smoke-induced oxidative stress can 
lead to a MIE. We describe a downstream pathway that includes 
multiple KEs such as the upregulation of proinflammatory medi-
ators, nitric oxide depletion and endothelial dysfunction. Alter-
ations indicated by these KEs can lead to plaque formation, pro-
gression of cardiovascular disease and increased risk of morbidity 
and mortality. 

Identifying preclinical processes and clinical biomarkers associ-
ated with these KEs provides a framework for in vitro and clinical 
data analysis, supporting our AOP as a tool for regulatory assess-
ment. The AOP provides a powerful alternative to animal experi-
mentation for the assessment of atherosclerosis initiation and pro-
gression risk.
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The future of pyrogenicity testing: 
Phasing out the rabbit pyrogen test
Katrin Schutte1, Emmanuelle Charton2 and Gwenael 
Cirefice2 
1European Commission, Belgium; 2European Directorate for the Quality of 
Medicines & HealthCare, France 

katrin.schutte@ec.europa.eu 

The European Pharmacopoeia is, after 50 years of animal-based 
testing for pyrogenicity, proposing to withdraw the rabbit pyrogen 
test (RPT) from its texts (including for vaccines and biologics, 59 
texts) by 2026. An international conference jointly hosted by the 
European Directorate for the Quality of Medicines & HealthCare 
(EDQM), Council of Europe, and the European Partnership for  
Alternative Approaches to Animal Testing (EPAA), was held in 
February 2023 to present how pharmaceutical partners (manufac-
turers, regulators, testing laboratories) are managing the transition 
to in vitro replacements of the RPT, the monocyte activation test 
(MAT) and bacterial endotoxin test (BET) and the challenges en-
countered in the process. The conference emerged from good col-
laboration of regulators and industry in the EPAA “Harmonisation 
of 3Rs in Biologicals” team. It gave participants the opportunity 
to share their experience with the MAT during a training aiming to 
stimulate widespread interest in the transition and ultimately en-
suring that this major replacement is brought to a successful – and 
global – conclusion. The sessions allowed to show that technically, 
in vitro methods such as the MAT and the BET can completely re-
place the RPT. Pharmacopoeias from other regions (Brazil, China, 
India, Japan, United States) also joined the event and committed to 
progressively phase out the RPT from their respective rules, even 
though they are not as advanced as the Ph. Eur. on this journey. 
Also the WHO represented at the conference confirmed a similar 
path – promoting MAT over RPT – will be followed on a world-
wide level.
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Animal-free in vitro assessment  
of endocrine effects  
including phase-1 metabolism
Inska Reichstein1, Florian Jünger1, Sabrina Schiwy1, 
Henner Hollert1,2 and Andreas Schiwy1,2 

1Department Evolutionary Ecology and Environmental Toxicology, Goethe 
University, Frankfurt am Main, Germany; 2Department Ecotoxicology 
across environmental media, Fraunhofer IME, Frankfurt am Main, Germany 

reichstein@bio.uni-frankfurt.de 

For the evaluation of mechanism-specific effects in vitro, ani-
mal-derived reagents like fetal bovine serum (FBS) and rat liver 
homogenate (S9) are frequently used. However, these components 
can affect bioassay quality due to inherent product variability. 

The aim of this study was to perform two in vitro OECD guide-
lines for the detection of estrogen (OECD 455) or androgen 
(OECD 458) receptor agonists and antagonists without using an-
imal-derived reagents. For this, the respective cell-lines ERα-
CALUX® and AR-CALUX® were cultivated in chemically de-
fined medium (CDM) without FBS. Since no simulation of in vivo 
biotransformation processes is included in either OECD guideline 
but can be important in the context of endocrine disruptors, a bio-
technological S9 homogenate was implemented in both methods 
and validated with model compounds showing an altered endo-
crine activity after biotransformation. 

Both cell lines could be adapted to a commercial CDM and re-
sponded to the respective reference compound (17β-estradiol and 
dihydrotestosterone). Additionally, the inclusion of S9-homoge-
nates was evaluated in the agonistic ERα-CALUX® assay and bio-
activation was observed for the model substance Benzo[a]Pyrene. 
However, the cells showed an increased doubling time and a re-
duced sensitivity to the reference compounds after adaptation to 
CDM. Modifications such as an optimized CDM composition 
and an improved test design will be evaluated. Additionally, more 
model substances will be tested in combination with the biotech-
nological S9 homogenate according to OECD 455 and 458. 

Overall, the animal-free conduction and consideration of met-
abolic processes provide promising advantages for a more repro-
ducible endocrine activity testing closer to the in vivo conditions.
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NGRAroute: A PARC roadmap  
for implementing next generation 
risk assessment (NGRA)  
in EU chemicals legislation
Matthias Herzler1, Isabella Apruzzese1, Nicole 
Bandow2, Aleksandra Cavoski3, John Colbourne3, 
Maria Dusinska4, Gabriele Flingelli1, Laura Holden3, 
Romana Hornek-Gausterer5, Andreas-Marius 
Kaiser5, Robert Gregory Lee3, Joana Lobo Vicente6, 
Eleonora Longhin4, Sonia Namorado7, Hans-Christian 
Stolzenberg2, Christina Tsitsimpikou8, Maria Uhl5 and 
Peter von der Ohe2 
1German Federal Institute for Risk Assessment, Germany; 2German 
Environment Agency, Germany; 3University of Birmingham, United 
Kingdom; 4Norwegian Institute for Air Research, Norway; 5Environment 
Agency Austria, Austria; 6European Environment Agency, Denmark; 
7National Institute of Health Dr. Ricardo Jorge, Portugal; 8General 
Chemical State Laboratory, Greece 

Matthias.Herzler@bfr.bund.de 

Although there has been significant progress in the development of 
“New Approach Methodologies” (NAMs), almost all major chem-
ical legislations in Europe rely substantially on animal testing. 
One of the goals of the Partnership for the Assessment of Risks 
from Chemicals (PARC) is to promote “Next Generation Risk As-
sessment” (NGRA), to replace in vivo testing in the future. Within 
PARC, we develop NGRAroute, a roadmap to implement NGRA 
as the default risk assessment approach in various EU chemical 
legislations. 

Here we share a first overview of the next steps of the roadmap 
development. The basic preparatory work for this roadmap has 
been completed, including a review of existing work on NGRA 
and its contextual domains. Relevant EU chemical legislations 
were mapped with respect to risk assessment workflows, associ-
ated risk assessment questions, and an analysis of how these could 
be transformed to NGRA. Moreover, a collaboration has been es-
tablished with the Horizon 2020 cluster ASPIS (Animal-free Safe-
ty assessment of chemicals: Project cluster for Implementation of 
novel Strategies, https://aspis-cluster.eu/). ASPIS is currently de-
veloping a generalised NGRA framework, which will provide the 
structural basis for the further roadmap work and, ultimately, the 
legislative uptake of NGRA. 

In the next phase, “science-to-policy dialogue” (S2PD) net-
works will be built to directly involve European and global stake-
holders from the research, regulatory and policy domains, who 
have a key role in applying and changing the existing chemical 
regulations. This will ensure that the roadmap represents a broad 
consensus within the chemical risk assessment community.
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Evaluation of running wheel 
behavior as a reliable marker for  
severity assessment and  
humane endpoint detection in a rat 
model with intracranial tumor
Alina Ottlewski1, Christine Häger2, Elvis Hermann1, 
Marion Bankstahl2, Steven R. Talbot2, Joachim K. 
Krauss1, André Bleich2 and Kerstin Schwabe1 
1Hannover Medical School, Department of Neurosurgery, Germany; 
2Hannover Medical School, Institute for Laboratory Animal Science, 
Germany 

ottlewski.alina@mh-hannover.de 

In rodent models with intracranial tumor formation severity as-
sessment and humane endpoint determination are fundamental for 
ethical and legal reasons. We here evaluated the suitability of run-
ning wheel behavior to classify the severity after surgery for tu-
mor cell injection and resection, as well as for humane endpoint 
detection after tumor regrowth compared to body weight and clin-
ical state. 

Male BDIX rats (n = 11) were single-housed in cages equipped 
with a running wheel. Under general anesthesia, glioblastoma 
BT4Ca cells were stereotaxically injected into the frontal cortex. 
After eight days, the tumor was microsurgically resected. Body 
weight and running wheel behavior were monitored daily until 
humane endpoint criteria of sudden weight loss and deteriorated 
clinical state were reached. 

On average, body weight and running wheel behavior, but not 
clinical state, were significantly reduced after surgery for cell in-
jection and for tumor resection (p < 0.05). However, on the day 
of the endpoint, a sudden weight loss was accompanied by a de-
teriorated clinical state and reduced wheel running compared to 
the previous day (p < 0.05). Furthermore, weight loss at humane 
endpoint was more severe than after cell injection or tumor resec-
tion (p < 0.05). In contrast, reduced wheel running behavior at the 
endpoint did not differ from that after cell injection and tumor re-
section. 

Together, the monitoring of wheel running behavior enabled se-
verity classification in a rat model with intracranial tumor forma-
tion but was not superior in endpoint detection to body weight de-
termination. 

Funding: DFG FOR 2591; SCHW 1176/7-1 und SCHW 1176/7-2
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Exploring the predictability  
of tiered alternative  
tests in fish acute toxicity
Tzu-Ning Li, Zi-Yu Chen and Ying-Jan Wang 
Department of Environmental and Occupational Health, College of 
Medicine, National Cheng Kung University, Tainan, Taiwan 

yjwang@mail.ncku.edu.tw 

For the acute toxicity of fish in environmental toxicology tests, 
a single surrogate test cannot completely replace animal tests. 
Therefore, a large number of animals are used to evaluate the tox-
icity of substances every years. Currently, a layered strategy is 
adopted to estimate the toxicity of substances in vitro to in vivo, 
an efficient prediction method that avoids the use of animal tests. 
Therefore, the purpose of this study is to establish a Sequential 
Testing Strategy (STS) for evaluating acute toxicity in fish and ex-
plore the predictive power of STS. In here, we established STS for 
acute fish toxicity and further estimate the toxicity of the substanc-
es. The hazard identification accuracy rate of using the literature 
to verify that the substances were applied to STS was 84.62%, of 
which 61.54% of the substances used the data of the substitution 
test. The STS accuracy rate was 70.59%, and 61.54% of the sub-
stances were not used to estimate in vivo toxicity. In current study, 
a STS for acute toxicity testing of fish was established through the 
concept of stratified testing strategy to evaluate the toxicity of sub-
stances. We verified that the hazard identification accuracy rate of 
STS was as high as 84.62%, and the application of STS greatly re-
duces the number of animals used. In summary, this study provides 
a STS for acute toxicity tests in fish, which will contribute to fur-
ther improving the predictive power of single surrogate tests for 
the development of ecotoxicology.
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R2N – Animal replacement for  
basic research in the field of 
infectious diseases and inflammation
Andre Bleich1 and Maren von Köckritz-Blickwede2 
1Hannover Medical School, Institute for Laboratory Animal Science, 
Germany; 2University of Veterinary Medicine Hannover, Department of 
Biochemistry, Germany 

bleich.andre@mh-hannover.de 

While in many countries research animal numbers are declining 
or stable over the last years, the proportion of those used for basic 
biomedical research is increasing. Basic biomedical research has 
its own peculiarities: it is hypothesis driven, has often an explor-
ative character, and research methods are highly flexible compared 
to classical safety or toxicology testing. In vitro methods are main-
ly used for addressing specific research questions rather than to re-
place animal experimentation. To overcome this, approachable and 
complex in vitro models are necessary allowing scientists to tackle 
their specific research objectives with complexity. Here, we report 
of a consortium consisting of 15 groups in Lower Saxony, Germa-
ny, that has established an academic network to develop test-sys-
tems for a better understanding of molecular pathomechanisms, 
cellular interactions and pathogen-host interactions during infec-
tion and inflammation. The focus lies on stem cell derived mod-
els for the digestive and respiratory tract. The in vitro models have 
been applied in SARS-CoV2 as well as other viral and bacterial in-
fection research. We present our approaches, show outreach activi-
ties and would like to stimulate others to follow the path of animal 
free technologies utilized in basic academic research.
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Training and implementation  
of a reconstructed human 
epidermis (RHE) model to evaluate 
skin irritation in Argentina
Rodrigo De Vecchi1, Julieta Roco2,3, Mariela Lenze2,3, 
Martina Benedetti2,3 and Maria Laura Gutiérrez2,3 
1EPISKIN Brasil Biotecnologia, Brazil; 2CONICET – Argentina, 
Argentina; 3Insituto de Farmacología, Facultad de Medicina, Universidad 
de Buenos Aires, Argentina 

brasil@episkin.com 

The implementation of alternative methods to the use of animals 
for regulatory purposes in Argentina is incipient. Although there 
are still no restrictions at the regulatory level, social pressure and 
advances in regulatory matters in other countries have led to the 
need for non-animal methodologies for the evaluation of cosmet-
ic products. Faced with the global trend of replacement, the first 
Alternative Methods Laboratory (LMA-EBAL) was created in Ar-
gentina with the purpose of implementing, developing and training 
in vitro methodologies. In this sense, we organized the first hands-
on workshop of SkinEthic™ OECD TG 439 for Skin Irritation 
Test in the country. The training was attended by regulators and 
specialists from the National Administration of Medicines, Food 
and Medical Technology (ANMAT), from the ANLIS Malbrán In-
stitute, CONICET researchers, professors from the UBA, from the 
pharmaceutical and cosmetic industry, test laboratories and rep-
resentatives of the Argentine Chamber of the Cosmetic and Per-
fumery Industry (CAPA). In the first implementation of the meth-
odology in the LMA-EBAL, the skin irritation potential produced 
by 14 AIN VEGAN cosmetic products was assessed according to 
the OECD TG439 guideline. The success of this experience is im-
portant for Argentina since the training was very popular and the 
implementation allowed testing the SkinEthic import system from 
Episkin Brazil.
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Management of hand bites  
in nonhuman primate studies
Young-Su Yang 
Korea Institute of Toxicology, South Korea 

ysyang@kitox.re.kr 

Nonhuman primates (NHPs) play an important role in scientific 
development, and with the recent COVID 19 pandemic, the num-
ber of researchers using NHPs has increased. However, accidents 
are always possible during NHPs studies, most common of which 
are bites. This study describes the procedures in managing both 
the personnel and animal in a bite to the hand situation. An inci-
dent happened while the personnel was manually restraining the 
Macaca fascicularis. Immediately after the bite, the wound was 
washed with sterile saline and the personnel was transported to the 
hospital. After testing the sensitivity of the wound to antibiotics, 
the damaged area was sutured and the personnel recovered after 
a three-week period. The animal had its canine teeth amputated 
to ensure personnel safety and to reduce its aggression. In addi-
tion, blood samples were collected from both the personnel and 
the animal to confirm herpes B virus infection, and the test results 
were negative. The animal was observed for over six months af-
ter the incident, and no abnormalities were found. Twelve months 
have passed since the accident, the victim has recovered well and 
is working without any after-effects. Experiments using NHPs al-
ways carry the possibility of accidents, and in some cases, they can 
be a serious problem. Therefore, each facility must have standard 
operating procedures for emergency treatment in case of accidents, 
and plans for the treatment of personnel and animals. We hope that 
this case can be helpful to institutions conducting research using 
NHPs in the future.
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All for one: The research consortium 
FOR2591 aims at evidence-based 
assessment of wellbeing –  
A path towards effective refinement 
in animal-based research
Andre Bleich1 and Rene H. Tolba2 
1Hannover Medical School, Institute for Laboratory Animal Science, 
Germany; 2RWTH-Aachen University, Faculty of Medicine, Institute for 
Laboratory Animal Science and Experimental Surgery, Germany 

bleich.andre@mh-hannover.de 

Enhancing good wellbeing of laboratory animals and limiting 
negative outcomes of experiments are the fundamental steps in 
refinement approaches. However, how can we measure wellbe-
ing of and the impact of procedures on animals? To tackle this 
question, the German Research Foundation-funded research unit 
“Severity assessment in animal-based research” (https://severity- 
assessment.de/) was established, which is currently in its sec-
ond funding phase. This multidisciplinary consortium focuses 
on evidence-based parameters to determine the wellbeing-sta-
tus of animals, especially in gastro-intestinal, psychiatric, neu-
rological, and surgical models. The consortium has systemati-
cally evaluated 65 parameters in 55 models, developed various 
data science-based approaches to enable objective severity grad-
ing, analysed refinement strategies including appropriate anal-
gesia, and developed and integrated new technologies for home-
cage-based welfare assessment – resulting in more than 120 pub-
lications so far. We present the research unit to underline the 
strengths of such a consortium to elucidate the complex task of 
evidence-based welfare assessment and stimulate others to con-
tribute to this field.
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Developmental neurotoxicity in 
vitro assays applied for molecular 
initiation and key event identification 
to create an AOP network related 
to cognitive function defects
Jördis Klose1,2, Eliska Kuchovska1 and Ellen 
Fritsche1,2,3 

1IUF-Leibniz Research Institute for Environmental Medicine, Duesseldorf, 
Germany; 2DNTOX GmbH, Duesseldorf, Germany; 3Medical Faculty, 
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Cognitive functions such as learning, memory, decision-making, 
problem-solving, and attention are key factors contributing to our 
personalities. They are established during brain development via a 
series of complex and interdependent processes that are particular-
ly vulnerable to chemical insults. Despite its significance, only a 
fraction of our chemical exposome has been assessed for its devel-
opmental neurotoxicity (DNT) potential. For data gap closure by 
fast and cost-effective compound evaluation, a DNT in vitro bat-
tery (IVB) has been set up. To build confidence in IVB tests, the 
aim of this study was to map key neurodevelopmental events mea-
sured in neurospheres in combination with transcriptome analyses 
to putative adverse outcome pathways (AOPs). 

Human 3D neurospheres were utilized to measure the effects 
of different compound classes on key neurodevelopmental events, 
i.e., neural progenitor cell (NPC) proliferation, migration, and 
lineage differentiation as well as thyroid hormone (TH)-depen-
dent oligodendrocyte maturation by high content image analyses. 
These endophenotypic outcomes were combined with respective 
transcriptome analyses. 

We identified three independent modes-of-action (MoAs) inter-
fering with oligodendrocyte development (TH disruption via re-
ceptor binding, oxidative stress, and disturbance of cholesterol ho-
meostasis) in differentiating NPC. Furthermore, we confirmed a 
migration endophenotype caused by compound-protein interac-
tion. All identified KEs were integrated into already existing DNT-
AOPs resulting in an AOP network related to cognitive function 
defects. 

This study demonstrates the power of combining endopheno-
typic with transcriptomic analyses to elucidate compounds’ MoA 
and create AOPs and AOP networks for gaining confidence in 
DNT hazard assessment by using the DNT IVB in a regulatory 
context.
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Neurotoxicity effects of bifenthrin 
by zebrafish embryo model
Sangwoo Lee, Kojo Eghan and Wookeun Kim 
Korea Institute of Toxicology, South Korea 

sangwoo.lee@kitox.re.kr 

Bifenthrin is a pyrethroid insecticide used to treat a variety of 
crops. Nevertheless, studies on the bifenthrin-induced toxicity on 
aquatic organisms are still insufficient. In this study, the neuro-
toxicity of bifenthrin was investigated using the zebrafish embryo 
model, one of the possible alternative neurotoxicity test models. 

In the present study, wildtype (WT) and transgenic (TG) 
[Tg(elavl3:EGFP) and Tg(mbp:mGFP)] zebrafish were exposed 
to 0, 0.1, 1, 11.1, 33.3, 100 and 300 µg/L for 120 hpf. Phenotyp-
ic endpoints including hatching rates, survival, morphology, body 
length, and weights were checked from 24 hpf. Behavior param-
eters, i.e., tail coiling, touch-evoked responses, and locomotor ac-
tivity were also monitored. Furthermore, at 120 hpf, fluorescence 
imaging was done for the TG lines. Genes related to neurotrans-
mitters and neurodevelopment were screened. 

After 72 hpf, the 100 and 300 µg/L exposure groups started 
showing signs of abnormal morphology and body lengths. Mov-
ing duration, distance moved, body contact, and proximity were 
all significantly affected by bifenthrin exposure. Also, six genes 
related to neurotransmitters and eight related to neurodevelopment 
were significantly affected. Neurogenesis and myelination pro-
cesses were disrupted as seen through fluorescence imaging with 
the TG lines. 

From the results obtained so far, we found that bifenthrin can 
cause neurotoxic effects in teleost zebrafish and zebrafish estab-
lishes itself as an excellent alternative model for neurotoxicity 
testing. 

This work was supported by the Korea Environmental Industry &  
Technology Institute (KEITI) through Core Technology  
Development Project for Environmental Diseases Prevention and  
Management (2021003310003), funded by the Korea Ministry  
of Environment
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Web-based application for gathering 
knowledge about nano-specific 
NAMs in human safety assessment
Karolina Jagiello1,2, Anita Sosnowska1, Maciej 
Gromelski1, Maciej Stępnik1 and Tomasz Puzyn1,2 

1QSAR Lab, Poland; 2University of Gdańsk, Poland

k.jagiello@qsarlab.com 

Over the last few decades, there has been a growing interest in the 
applications of engineered nanomaterials (ENMs) in a variety of 
consumer products. This forced the urgent need for the develop-
ment of comprehensive and functional nano-specific approaches 
that would allow to assess human hazard of ENMs promptly. Con-
sidering the drawbacks of applying animal testing for this purpose 
in terms of its ethical, economic, and time limitations, delivering 
new approaches methodologies (NAMs) is of high priority. En-
richment and development of nano-specific NAMs was the objec-
tive of many international initiatives. In effect, many NAM-based 
strategies were developed. 

Here, the goal is to present the newly developed, stand-alone, 
web-based application that collects available NAMs applied to 
characterize the hazard of nanomaterials. The application allows 
to search regulatory relevant nano-specific NAMs of interest in a 
timely manner and by using a different set of filters (e.g., NAMs 
relevant for the specific organ, NAMs crucial for specific EU reg-
ulation). It also provides detailed information about each NAM. 

Such application can be helpful to the industry, academia, 
and other stakeholders who are interested in using nano-specific 
NAMs of regulatory relevance in human safety assessment.
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Skin sensitization reactivity 
data in a weight of evidence risk 
assessment for botanicals
Yuan Gao1, Kim Ellingson2, Petra Kern3, Brian 
Palmer2 and Cindy Ryan4 
1Procter & Gamble Technology, China; 2Procter & Gamble Company, 
United States; 3Procter & Gamble Services Company, Belgium;  
4ToxTech Solutions, United States 

kern.ps@pg.com 

The marketplace has seen a consumer preference for products 
which contain botanical and other natural substances (BNS), as 
there is a perception that “natural” is safe. As with any consumer 
product ingredient, a thorough safety assessment must be conduct-
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Assessment of human neural 
network formation  
and function using 2D and  
3D hiPSC-derived cell systems
Kristina Bartmann1,2, Julia Hartmann1, Eliska 
Kuchovska1, Arif Dönmez1,2 and Ellen Fritsche1,2,3 

1IUF – Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany; 2DNTOX GmbH, Düsseldorf, Germany; 3HHU – Heinrich-
Heine-University Düsseldorf, Medical Faculty, Düsseldorf, Germany 

kristina.bartmann@iuf-duesseldorf.de 

Animal experiments are the current standard for developmen-
tal (DNT) and adult neurotoxicity (ANT) assessment of chemi-
cals. As an alternative for regulatory DNT testing, an in vitro bat-
tery (DNT IVB) has been set up. One of the identified DNT IVB  
gaps concerns an assay for human neural network formation  
(hNNF) as this endpoint is currently only covered by rat cells. For 
ANT, there is no IVB available. 

To close the DNT and ANT gaps, we developed three different 
human-induced pluripotent stem cell (hiPSC)-based assays to as-
sess compound effects for DNT and ANT using microelectrode ar-
rays (MEAs). 

The hNNF assay forms functional neural networks from  
hiPSC-derived excitatory and inhibitory neurons and primary as-
troglia (Neucyte, USA) and challenging with 27 pesticides con-
firmed the suitability of the assay for DNT compound screen-
ing. Lately, also the hiPSC-derived mixed neuron-astrocyte cul-
ture-based human synaptogenesis assay established by the  
EU-JRC, was optimized for MEA activity using different media, 
coatings and cell numbers. For ANT, the human multi-neurotrans-
mitter receptor (hMNR) assay based on hiPSC-derived 3D-Brain-
Spheres was set up. This test system is composed of different neu-
ronal subtypes that can be quantified by sorting the detected spikes 
after acute compound treatment. These three test systems are cur-
rently refined by testing positive and negative compounds to de-
termine their applicability domains and to improve their use for 
regulatory application. 

In vitro assays assessing the formation and function of neural 
networks are useful tools for identifying compounds that might 
impair developmental or adult human brain function.
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were amenable to further genetic engineering. Immortalised cells 
maintained a primary-like phenotype and cell type-specific func-
tions, which could be improved by 3D culture conditions (e.g., 
matrix-free spheroids, Air-Liquid-Interface) Once we identified 
optimal immortalisation gene combinations for each cell type, 
these combinations could be used to reproducibly immortalise the 
same cell type from different donors and samples. 

This approach opens up the possibility to easily create person-
alised cell lines for disease-in-dish approaches. As the technology 
is species-independent, animal cell lines can be also easily created, 
allowing for large-scale, cross-species in vitro validation studies 
without the need to repeatedly take biopsies or samples from ani-
mals to obtain primary cells.
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Development and validation of 
an in vitro assay to assess extra 
mild personal care formulations 
and the generation of an industry-
relevant benchmarking database
Fiona Jacobs, Josh Fredson, Michael Connolly, 
Hannah Goldsby, Tom Ward and Carol Treasure 
XCellR8, United Kingdom 

fiona.jacobs@x-cellr8.com 

Historically, in vitro tests for skin irritation were developed for 
analysis of harsh chemicals and don’t have the sensitivity required 
to resolve differences in irritation potential between ultra-mild in-
gredients. Furthermore, validation of these historical tests used in 
vivo animal data, which can be over-predictive of human irritation, 
when compared to human patch tests. 

Therefore, we developed a new test, adapted from a skin irri-
tation ET50 test, which allows skincare formulations to be dosed 
mimicking real-life application. This adapted test enabled quan-
tification of subtle differences between mild and ultra-mild for-
mulations, that would not have been distinguished in the original 
method. These products can then be ranked by order of mildness. 

We demonstrate the predictive capacity of the in vitro XtraMild 
test by directly validating it with human patch test data. In a series 
of blind-coded tests, the XtraMild in vitro assay accurately pre-
dicted the rank order of different surfactants and mild skincare for-
mulations, to the rank orders obtained from the human patch test 
clinical scores. 

We have generated a bench-marking database validated against 
human data, which provides valuable information to the industry, 
and allows results to be interpreted in the context of industry rang-
es for a specific product type. 

ed for all endpoints, including a determination of skin sensitiza-
tion potential. However, challenges remain for BNS with variable 
composition, as available sensitization non animal test methods 
(NAM) are not suitable to assess complex mixtures and sensitiza-
tion potency benchmark selection is often difficult. 

To address some of the challenges, a modified Peroxidase Pep-
tide Reactivity Assay (B-PPRA) was developed and recently ap-
plied in a proof-of-concept study for screening BNS for their abil-
ity to react with a synthetic peptide containing cysteine, as a sur-
rogate for the first key event in the sensitization adverse outcome 
pathway. 

In the study here, we explored how reactivity data, in particu-
lar the B-PPRA, could become part of a skin sensitization New 
Generation Risk Assessment framework for BNS. A weight of ev-
idence (WoE) approach to evaluate BNS skin sensitization poten-
tial was applied integrating all available NAM information togeth-
er with data on human topical use history, clinical and historical in 
vivo data as well as compositional information. 

Several botanicals (e.g. Poison Ivy, Cashew, Chamomile, Milk 
thistle, Rosemary, Aloe Vera etc.) which cover a wide range of skin 
sensitization potential were selected as case studies and demon-
strated how a WoE approach may increase data concordance and 
accuracy of skin sensitization prediction of BNS.
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Rapid and reproducible generation  
of novel cell lines
Kristina Nehlsen, Tom Pietrobelli, Anne Dittrich  
and Tobias May 
InSCREENeX GmbH, Germany 

tom.pietrobelli@inscreenex.com 

A major limitation of in vitro studies is the shortage of high-quali-
ty cell models that are available in large enough quantities to allow 
large-scale experiments and cross-validation experiments. Immor-
talised cell lines may be an attractive option; however, traditional 
immortalisation technologies are unpredictable, cumbersome and 
can lead to drastic alterations in cellular physiology. 

We established a novel immortalisation approach that relies on 
our CI-SCREEN library of immortalisation genes and enables the 
rapid generation of novel cell lines from almost any source mate-
rial within 2-3 months. 

We created more than 25 different cell types from more than 
12 different species including Lung Epithelial Cells, Endothelial 
Cells, Astrocytes and Thyroid Epithelial Cells. We then charac-
terised the novel cell lines and identified optimal immortalisation 
gene combinations for each cell type. 

The novel cell lines showed unlimited expansion potential and 
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3R-SMART: An education  
and information platform to 
help reduce animal testing
Melissa Valussi1, Christian Nordmann2, Bernhard 
Hiebl2 and Nicole Linklater1 
1Philipps-University Marburg, Germany; 2Tierärztliche Hochschule 
Hannover, Germany 

linklater.n@uni-marburg.de 

The long-term goal within the EU is to abolish animal testing 
(e.g., Recital 10 Directive 2010/63/EU) and – until this goal can 
be achieved – to strengthen the adoption of the 3R principles (re-
placement – reduction – refinement) in animal research. 

While the EU aims to advance the 3Rs in the field of animal ex-
perimentation, training about alternatives to animal use only plays 
a secondary role in the education and training of people working 
with laboratory animals. Laboratory animal science (LAS) cours-
es usually focus on reduction and refinement aspects to ensure that 
all staff working with laboratory animals is compassionate and 
competent. 

“3R-SMART” (https://3r-smart.de) aims to bridge this gap by 
showcasing methodical approaches to reduce animal tests and by 
disseminating 3R research activities. The open access platform 
highlights specific efforts to replace, reduce, or refine animal ex-
periments by providing instructive texts, explanatory videos, or 
recordings of lectures, 3R news and upcoming events as well as 
a 3R forum (registered users). Interactive maps introduce 3R cen-
ters in Germany and Europe. 

In collaboration with LAS interactive (https://las-interactive.de)  
a common training portal about LAS and alternatives methods 
will be developed. In line with the idea to disseminate and advance 
knowledge about the 3Rs we are working on developing a 3R cur-
riculum that can be integrated in laboratory animal science cours-
es to support the development of 3R-competencies. 

This way 3R-SMART forms an interface between animal re-
search and alternative methods and can provide significant and 
sustainable support for a wider implementation of the 3R.
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This test is an effective pre-screen for formulations and ingredi-
ents relevant to the personal care industry. By using this test in the 
initial stages of product development, it can identify the mildest 
ingredient combinations, reducing the number of patch test vol-
unteers required and their risk of developing an adverse irritation 
reaction.
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Acutox: An animal  
product-free assay for predicting  
acute oral toxicity
Hannah Goldsby1, Michael Connolly1, Josh Fredson1, 
Fiona Jacobs1, Clive Roper2, Thomas Ward1 and Carol 
Treasure1 

1XCellR8 Ltd, United Kingdom; 2Roper Toxicology Consulting Ltd, 
United Kingdom 

tom.ward@x-cellr8.com 

Acute oral toxicity is currently assessed using the rodent LD50 test 
following OECD test guidelines 420, 423 and 425. These tests are 
widely criticized on scientific and ethical grounds, as they lack re-
producibility and relevance to human exposure. We have shown 
that an in vitro cytotoxicity assay can be used to predict acute oral 
toxicity. The aim of this work was to develop an enhanced, animal 
product-free, metabolically relevant in vitro assay capable of pre-
dicting EPA and GHS acute oral toxicity category classifications. 

Adult human dermal fibroblasts were grown in animal-product 
free media containing human serum and dosed with a cohort of 70 
chemically diverse test articles with known, well curated rodent 
LD50 categories spanning all EPA and GHS classifications. Via-
bility was assessed using both the Neutral Red Uptake and MTT 
assay, and IC50 calculated for all 70 test articles. These data were 
used to create a prediction model capable of predicting EPA clas-
sification. 

This scientifically and ethically robust screening or replacement 
alternative to the rodent LD50 assay can be run alongside in silico 
approaches to improve the prediction of acute oral toxicity classi-
fication and labelling and is considered to be suitable for inclusion 
in a weight of evidence approach for acute oral toxicity classifica-
tion. The Acutox assay contributes to a registrants 3Rs initiative 
by replacing aspects of in vivo acute oral toxicity testing and offers 
a novel animal product-free and metabolically relevant, human in 
vitro approach to acute toxicity.
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Funding as a strategy:  
The role of private funding in  
growing the community  
around non-animal methods
Angela Hvitved and Sue Leary 
Alternatives Research & Development Foundation, United States 

ahvitved@ardf-online.org 

The Alternatives Research & Development Foundation (ARDF) 
Annual Open grant program was established in 1993 to fund re-
search developing innovative methods to replace or reduce the 
use of animals in research, testing, and education. One of the lon-
gest-running programs of its kind, ARDF’s Annual Open grant 
program funds investigator-initiated research across a broad – and 
evolving – range of scientific areas with a focus on projects with 
high scientific merit and potential to contribute to the replacement 
of animal models. This portfolio analysis examines the scientific 
areas and methods supported and the major scientific trends re-
flected in funding over the past ten years. We propose that private 
funding of even relatively small awards plays an important role in 
advancing non-animal methods. 

Current awards are $40,000 for a year-long project, and the pro-
gram invites proposals from non-profit educational or research in-
stitutions worldwide. The program has awarded over $4 million in 
funding and had an average funding rate of 21.5% for 2015-2022. 
Applications are evaluated by external reviewers with relevant ex-
pertise and ARDF relies on a diverse and dedicated cohort of re-
viewers from industry, academia, and government agencies who 
provide expert assessments based on the program’s review crite-
ria and scoring rubric. Continued progress in the development of 
non-animal research methods will require increased support and 
collaboration across the full range of funders: non-profit, commer-
cial, and federal. This analysis examines one type of program and 
its role in supporting researchers who are working to reduce the 
use of animals in research and advance human health.
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cardiotoxic chemicals
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of Environmental Health Sciences, Research Triangle Park, NC, United 
States; 2Inotiv, Research Triangle Park, NC, United States; 3Systems 
Toxicology Branch, Division of Translational Toxicology (DTT), National 
Institute of Environmental Health Sciences, Research Triangle Park, NC, 
United States; 4Division of Translational Toxicology (DTT), National 
Institute of Environmental Health Sciences, Research Triangle Park, NC, 
United States 

shagunkrishna1812@gmail.com 

The cardiovascular (CV) system is significantly affected by en-
vironmental factors, but risk assessment of environmental chem-
icals is restricted due to limited data availability. New approach 
methodologies (NAMs) including in vitro and in silico methods 
for estimation of exposure and toxic effects, offer comprehensive 
approaches to replace animal testing. Here, we adopted physiolog-
ically based pharmacokinetic (PBPK) models-based workflow to 
convert activity concentrations of Tox21/ToxCast high throughput 
screening (HTS) assays relevant to six CV failure modes to human 
daily equivalent administered doses (EADs). To evaluate the hu-
man relevance of the predictions, these EADs were compared with 
exposure estimates derived from the USEPA ExpoCast program 
and in vivo animal study-based points of departure from ToxVal 
database. Geospatial mapping was used to assesses the potential 
risk of exposure for different populations across different counties/
regions within the US. A group of potential cardiotoxic chemicals 
predicted to have low margins of exposure were identified. Chemi-
cals such as Dibutyl phthalate, Perfluorooctanoic Acid and Bisphe-
nolA were identified with overlapping EAD ranges and exposure 
estimates, particularly within certain geographical hotspots. Incor-
porating geospatial distribution of chemicals allows for connec-
tion between molecular perturbations and adverse health outcomes 
across a population, enabling hypothesis generation and prioritiza-
tion for further testing. Use of HTS assay outcome data in estab-
lishing a margin of exposure and POD ratio can advance the steps 
of human health safety evaluation by providing rapid, computa-
tionally supported screening-level assessments. This case study 
represents an advancement in the application of NAM based alter-
native approaches in human health risk-assessment for potentially 
cardiotoxic chemicals.
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Cytotoxic and transcriptomic 
effects of pesticides on RTgill-W1 
cells as an alternative approach 
for acute toxicity testing
Sophie Emberley-Korkmaz, Krittika Mittal, Ke Xu and 
Niladri Basu 
McGill University, Macdonald Campus, Canada 

sophie.emberley-korkmaz@mail.mcgill.ca 

Ethical concerns and increasing demands for chemical testing has 
called for the need to explore New Approach Methods (NAMs) to 
reduce animal testing and address resource limitation issues. The 
rainbow trout gill cell line (RTgill-W1) was recently standard-
ized by the Organization for Economic Co-operation and Devel-
opment (OECD) to assess the cytotoxicity of chemicals. Howev-
er, the test’s focus on cytotoxicity does not provide much infor-
mation on a chemical’s mechanism of action. The first objective 
of this study was to use OECD Test No. 249 to characterize the 
cytotoxicity of 19 pesticides considered important to Canadian 
ecosystems. The second objective was to derive transcriptomic 
points of departure (tPODs) values for these same pesticides to 
gain a deeper understanding of the impacts these pesticides have 
on biological mechanisms. Cytotoxicity results from fluorescent 
dyes assessing cell viability found chlorothalonil, carbaryl, and 
diquat as the most toxic with LC50s of 21.2, 97.0, and 100.4 µM, 
respectively. Of the 19 chemicals tested, ten of them obtained 
LC50s below 500 µM. Studies are underway to derive tPOD val-
ues. This research demonstrates the potential for alternatives to 
animal testing strategies that are faster, more cost-effective, and 
yield more information.
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Waste not, want not
Sara Wells, Michelle Stewart and Martin Fray 
Medical Research Council, United Kingdom 

s.wells@har.mrc.ac.uk 

Research using genetically altered (GA) animals is responsible for 
the majority of animals which are bred in research establishments 
but then not used in research projects. Moreover, generating an ev-
er-expanding number of new models contributes significantly to 
the total numbers of animals used in research. Dynamic breeding 
strategies, efficient cryopreservation or bio banking and effective 
resource-sharing can greatly reduce animal numbers. Progress in 
husbandry practices and the expansion of shared resources promis-
es to deliver on this front. However, this potential is not being ful-
ly exploited due to challenges in overcoming established practices, 
issues around intellectual property and the lack of dissemination 
of resources. 

As long as the use of GA animals is still considered necessary 
for some fields of research, those of us working in this field must 
focus on using the least number of animals for largest output of 
relevant scientific data. I will present the current challenges in do-
ing so from the point of strategic planning to publishing and shar-
ing resources. This will include those easier to overcome, such as 
the breeding strategies tailored to individual models and effective 
cryopreservation plans, but I will also discuss those more difficult 
issues. Sharing tissue, data or models themselves is often ham-
pered a lack of technical ability, intellectual property rights and 
licences required to use new technologies. By discussing these is-
sues, I hope to highlight ways to reduce animal numbers both di-
rectly by better husbandry practices but also indirectly by over-
coming the hurdles to greater sharing.
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Rapid and efficient processing 
and long-term cryopreservation 
of brain tumour resected tissue 
for the culture of brain tumour 
explant organoids to replace animal 
models in brain cancer research
Helen Palethorpe, Chloe Shard, Conor Ryan, Kaitlin 
Scheer and Guillermo Gomez 
Centre for Cancer Biology, SA Pathology and University of South Australia, 
Australia 

guillermo.gomez@unisa.edu.au 

Glioblastoma is the most common and aggressive type of primary 
brain tumour associated with an abysmal prognosis. Clinical treat-
ment for newly diagnosed glioblastoma patients has not changed 
in the last 15 years, revealing an urgent need to develop better pre-
clinical tools that facilitate the rapid and efficient translation of 
new drugs to the clinic. 

Preclinical animal models are used to test and evaluate the ef-
ficacy of drug therapies for glioblastoma. However, these animal 
models fail to accurately recapitulate human brain tumours’ biol-
ogy. Patient-derived glioblastoma explant organoids (GBOs) have 
recently emerged as a promising live animal-free model for study-
ing glioblastoma. GBOs contain the human-relevant tumour mi-
croenvironment and can predict a patient’s response to therapy. 

Current methods to generate GBOs involve culturing glioblas-
toma tumour tissue pieces of ~1 mm diameter in a defined me-
dia without Matrigel. Once started, cultures are maintained for  
> 4 weeks until they can be long-term cryopreserved. These cur-
rent procedures are time-consuming, expensive and technically 
demanding, which has impeded the broad adoption of this technol-
ogy to replace animal models in glioblastoma research. 

In this work, we developed an optimized method to generate 
GBOs. This method permits rapid semi-automated tumour tissue 
processing (< 1 hour), cryopreservation, and short/long-term stor-
age conditions with essential laboratory equipment. This allows 
researchers to access tumour samples interstate or overseas and 
generate large GBO biobanks covering glioblastoma heterogene-
ity. This resource will thus facilitate systematic preclinical person-
alized research in a physiologically human-relevant preclinical 
model, thus replacing the need for animal models for brain tumour 
research.
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Towards establishing a microplate-
based, transcriptomics  
assay for rainbow trout hatchlings
Niladri Basu, Aylish Marshall, Hugo Marchand, Emily 
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McGill University, Canada 

niladri.basu@mcgill.ca 

There is interest in the development of early-life stage (ELS) tests 
with fish models that are high-throughput and can generate tran-
scriptomics data. The objective of this study was to establish a 
method in rainbow trout hatchlings that could satisfy both of these 
interests. We based our pilot method on recent efforts by U.S. EPA 
researchers to establish a larval fathead minnow high throughput 
transcriptomics assay. Here, 1-2-day post hatch trout were assayed 
in 24 well microplates. Hatchlings were exposed for 24 hours to 
11 different concentrations of three test chemicals (3,4-dichloro-
aniline – 0.003 to 10 mg/L; CuSO4 – 0.15 to 5000 ug/L; ethinyl-
estradiol – 0.03 to 100 ng/L) as well as negative controls (DMSO, 
culture water), with n = 12 per test concentration. Test concentra-
tions were spaced on a half-log10 basis, with upper concentra-
tions derived from a chemical’s LC50 from the US EPA EcoTox 
database. Mortality was 2.2% during the transport and hatching 
phase. There was no mortality in the studies concerning dichlo-
roaniline and ethinylestradiol, and none in the negative control 
groups. Based on the mortality observed from the CuSO4 expo-
sures, a LC50 of 0.424 mg/L was calculated (versus LC50 val-
ues ranging from 0.47-5.6 mg/L for 96-h trout bioassays; from  
EnviroTox database). Studies are underway to optimize tran-
scriptomics assays from these samples using EcoToxChips and  
UPXome, with the ultimate goal to be able to derive transcrip-
tomics points of departures. Taken together these results provide a 
foundation towards establishing a novel testing platform for chem-
ical and environmental risk assessment.
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A thorough comparative study of 
the use of fetal calf sera, human 
AB sera and human platelet lysate 
with the focus on the cultivation 
of mesenchymal stromal cells
Moritz Pfeiffenberger1,2, Maya Al Araj1, Timo Gaber1,2, 
Frank Buttgereit1,2 and Alexandra Damerau1,2 
1Charité-Universitätsmedizin Berlin, Germany; 2German Rheumatism 
Research Centre Berlin, Germany 

Alexandra.Damerau@charite.de 

Optimizing the expansion and differentiation of human mesenchy-
mal stromal cells (MSCs), medium supplemented with fetal calf 
serum (FCS) has been widely applied. Despite ethical concerns, 
batch-to-batch variability, lack of reproducibility, and the risk of 
unknown infectious reagents in FCS or immunogenic reactions to 
xenogeneic proteins, FCS is still the gold standard. Human plate-
let lysate (hPL) and human AB serum (HS) seem to be valuable al-
ternatives due to their human origin and their promoting effect on 
cell expansion. However, their sustained effect on the differentia-
tion capacity and the immunophenotype of MSCs is still insuffi-
ciently studied. 

Here, we aimed to investigate the influence of commercially 
available sera for FCS, hPL and HS on MSCs in terms of plastic 
adherence, multipotency, surface marker pattern, proliferation and 
metabolic activity. Furthermore, we performed a label-free quan-
titative proteomic analysis to identify the proteins that contribute 
to any difference. 

A total of 255 proteins were identified in HS, 154 in hPL and 98 
in FCS, with profound differences in terms of proteins displayed 
by metabolic processes and the cytoskeleton. We found significant 
differences in the differentiation ability into the osteogenic, adipo-
genic and chondrogenic lineage using quantitative alizarin red, oil 
red or Alcian blue assays. This result was confirmed by ELISA as-
says for adiponectin, free phosphate and GAGs Interestingly, us-
ing flow cytometry, we found profound differences in the pattern 
of surface markers commonly used to define MSCs. 

We conclude that the choice of media supplementation has 
a major impact on crucial functional properties of cells such as 
MSCs.
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Denmark; 4Sanofi, Germany; 5GSK, United Kingdom; 6Merck, Germany; 
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jean-pierre.valentin@ucb.com 

In recent years nonclinical toxicology evolved from a descriptive 
to a science driven investigative/mechanistic discipline. To obtain 
a detailed assessment of the adoption, range, and impact of investi-
gative toxicology (I-Tox) in supporting drug discovery and devel-
opment in the pharmaceutical industry, two surveys of 14 pharma-
ceutical companies were conducted several years apart. The sur-
vey results, together with case studies, reveal that I-Tox focus has 
evolved from supporting small molecule programs to a growing 
need for experimental support of newer drug modalities. Common 
deliverables of I-Tox include target safety assessment, hazard pro-
filing of leads (in silico/in vitro) and in-depth hazard qualifying/
quantifying experiments that support lead optimization and drug 
candidate selection prior to in vivo studies initiation. In vitro assays 
are commonly used for hepatotoxicity and cardiovascular toxicity 
profiling; however, there is a crucial need to improve the in vitro 
to in vivo translation. New technologies and associated models/as-
says such as organs on a chip, stem cell derived systems, advanced 
imaging methods, advanced molecular and cellular models, ge-
nome editing, and quantitative modelling approaches are impact-
ing drug design, selection, and progression. During preclinical 
toxicity studies, I-Tox is key to understand the mode of action of 
toxicities observed and their relevance to humans. Furthermore, 
a deep understanding of the mechanism that underlies such tox-
icities together with an estimate of its human relevance may al-
low a project to continue. Finally, we emphasize the importance of 
collaboration between pharma, academia, service, and technology 
providers to further enhance our ability to discover and develop 
safe medicines.
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Development of a predictive human 
stem cell-based neurosphere  
model for neuroinfectiological studies
Britta Anna Kühne1, Maren Schenke2,3, Karsten 
Cirksena4, Mara Duven4, Gisa Gerold4,5,6 and Bettina 
Seeger1 
1Institute for Food Quality and Safety, Research Group Food Toxicology 
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University of Veterinary Medicine Hannover, Foundation, Hannover, 
Germany; 2Bloomberg School of Public Health, Center for Alternatives to 
Animal Testing, Johns Hopkins University, Baltimore, MD, United States; 
3Institute for Food Quality and Safety, Research Group Food Toxicology 
and Alternative/Complementary Methods to Animal Experiments, 
University of Veterinary Medicine Hannover, Foundation, Hannover, 
Germany; 4Department of Biochemistry & Research Center for Emerging 
Infections and Zoonoses (RIZ), University of Veterinary Medicine 
Hannover, Hannover, Germany; 5Department of Clinical Microbiology, 
Umeå University, Sweden; 6Wallenberg Centre for Molecular Medicine 
(WCMM), Umeå University, Sweden 

britta.kuehne@tiho-hannover.de 

Venezuelan equine encephalitis virus (VEEV) can cause severe en-
cephalitis with mechanisms largely unknown. Its pathogenesis has 
a biphasic course of replication in peripheral organs and neurons 
followed by infection of central nervous system (CNS) through the 
olfactory nerve. Maternal or early childhood VEEV infection can 
lead to severe neurological sequelae including cognitive deficits 
(< 35% under 5 years) or (fetal) death (< 10% mortality rate). Cur-
rently, no vaccine has been licensed. We aimed to establish a nov-
el human in vitro neurodevelopmental model to characterize the 
course of infection helping to predict potential long-term neuro-
nal damage and to identify therapeutic targets. We discovered that 
GFP-labeled VEEV was able to infect nearly 100% of peripheral 
motor neurons derived from human induced pluripotent stem cells 
(hiPSCs). To evaluate VEEV-induced effects in the CNS, we suc-
cessfully established an infection model based on the differentia-
tion of hiPSC-derived neurospheres. Neurospheres are 3D cell ag-
gregates consisting of neural progenitor cells able to mimic basic 
processes of brain development: proliferation, migration, differ-
entiation into neuronal and glial subtypes and network formation. 
In neurospheres, the virus primarily infected non-neuronal cells, 
likely radial glial cells, which modulate migration in the develop-
ing brain. A mass spectrometry-based characterization of neuro-
spheres on a proteomic level revealed high abundances of various 
neural and neurotrophin-signaling markers and will be applied to 
investigate virus induced alterations in future experiments. Alto-
gether, our results show that human neurospheres are suitable as 
predictive in vitro model system to advance our knowledge of neu-
ronal pathogens and host interactions in human brain development.
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Dimensionality reduction 
algorithms for hybrid QSAR 
models of mutagenicity
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5Department of Engineering, King’s College London, United Kingdom; 
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alexander.kalian@kcl.ac.uk 

Chemical risk assessments are overly reliant on animal testing, 
which carries ethical, scalability and validity-based concerns. This 
may be alleviated by computational approaches such as Quantita-
tive Structure-Activity Relationship (QSAR) models, which com-
monly use deep learning to predict toxicological properties and 
may be limited by “the curse of dimensionality”. The aim of this 
study was to explore various dimensionality reduction techniques 
to build deep learning driven QSAR models of mutagenicity, ex-
ploring which combinations of techniques in hybrid models could 
give rise to the most accurate mutagenicity predictions. Knowl-
edge graphs of Tanimoto similarity coefficients were built to quan-
tify molecular structures from an Ames mutagenicity dataset of 
11,268 molecules. Dimensionality reduction to 100 dimensions 
was achieved via six different methods, namely (1) Principal Com-
ponent Analysis (PCA), (2) Kernel PCA, (3) Independent Compo-
nent Analysis, (4) Isomap Embedding, (5) Autoencoders and (6) 
Locally Linear Embedding. Following this, feed-forward neural 
networks (with two hidden layers of 500 neurons) were used to 
classify mutagenic and non-mutagenic chemicals. Hybrid models 
were then constructed by pairing different models and only output-
ting mutually agreed predictions. The most optimal dimensionali-
ty reduction techniques for constructing a hybrid model were Ker-
nel PCA and Autoencoders, resulting in an overall accuracy score 
of 75%, as well as 75% agreement between models. Percentage 
agreement between models was negatively correlated with overall 
accuracy score. Overall, it was concluded that the hybrid QSAR 
models of mutagenicity built, using different dimensionality re-
duction techniques, were effective in predicting mutagenicity, with 
non-linear techniques giving rise to the highest accuracy scores.
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Developing quantitative metrics for 
accountability in strategic roadmaps
Katherine Groff 
People for the Ethical Treatment of Animals, United States 

katherineg@peta.org 

Strategic roadmaps to replace the use of animals with more hu-
man-relevant non-animal research and test methods provide an in-
valuable resource to develop consensus on pathways to work to-
wards this goal. In these documents, government bodies and other 
organizations outline their programs and activities to incorporate 
new testing methods that predict human health or environmental 
outcomes without the use of animals. Notably, these roadmaps of-
ten rely on the number of initiatives to determine success; how-
ever, an increase in the number of non-animal methods or activ-
ities does not necessarily translate to a reduction in animal use. 
Instead, quantitative metrics measuring the effects of the develop-
ment and availability of non-animal methods on the use of animals 
in research and testing are critical to set goals, monitor progress, 
and provide accountability for resources spent on initiatives. This 
presentation specifies a step-by-step approach to define a strategy 
to track the use of non-animal methods and their effects on ani-
mal use. It establishes metrics for animal savings from in silico, in 
chemico, and in vitro methods; study waivers; and intelligent de-
sign based on the utility of the data (i.e., what the data are used for 
and its level of certainty). Developing and incorporating metrics 
within roadmaps to measure the impact of non-animal methods ul-
timately facilitates the identification of programs that are provid-
ing the greatest reductions in animal use and those that are not hav-
ing their intended impacts, and it highlights gaps where the devel-
opment and/or use of non-animal methods should be prioritized.
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Mechanisms of tacrolimus-induced  
nephrotoxicity in  
proximal tubular-like cells
Lenya de Brouwer, Anja Wilmes and Paul Jennings 
Vrije Universiteit Amsterdam, Division of Molecular and Computational 
Toxicology, The Netherlands 

l.de.brouwer@vu.nl 

Introduction: Nephrotoxicity is often observed in response to toxic 
compounds, which may cause severe human health problems. Op-
timisation and characterisation of human renal in vitro systems is 
therefore important for the development of New Approach Meth-
ods (NAMs). Here, we used the human proximal tubular cell line 
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Endocrine-dependent,  
cell-specific, functional biomarkers 
of clinical relevance as cross 
cutting tools in in vitro toxicology: 
An effect-based approach 
to endocrine disruption
Stefano Lorenzetti and Milena Mikhail 
ISS – Istituto Superiore di Sanità, Italy 

stefano.lorenzetti@iss.it 

Cell-based assays using human cell lines representative of en-
docrine-targeted tissues and functional biomarkers of clini-
cal relevance have been used to identify and characterize poten-
tial Endocrine Disruptors (Lorenzetti et al., 2015, doi:10.4415/
ANN_15_02_16, and refs therein). The final goal of the 3R-based 
project “Endocrine-dependent, cell-specific, functional biomarkers 
of clinical relevance as cross cutting tools in in vitro toxicology”, 
granted by the Italian Ministery of Health, will be the development 
of a tool to perform a rapid and cost-effective hazard identifica-
tion of chemicals as aimed by the European Regulation REACH 
(2006/1907/EC) for the identification of Substances of Very High 
Concern with Endocrine Disrupting properties (REACH art. 57f). 

Two hormone-responsive, human-derived cell lines are used as 
in vitro model systems: LNCaP (prostate epithelium) and BeWo 
(trophoblast-like cells). Hormone-like chemicals (i.e., phthalates, 
bisphenols and parabens) are used to assess in a dose-dependent 
manner (1 pM - 100 microM range): i) cytotoxicity (by MTS as-
say), ii) PSA and beta hCG secretions (by ELISA-based assays) 
in LNCaP and BeWo cell culture supernatants, respectively, as 
endocrine-dependent, cell-specific, functional biomarkers. Ob-
tained data will be compared with gene reporter assays (AR- and  
ER-CALUX) as described in the OECD TGs 458 and 455. 

Data on cytotoxicity, protein secretion and CALUX-based gene 
reporter assays will be shown and discussed taking into accounts 
the specificity of mechanistic- and effect-based in vitro toxicologi-
cal outputs. A data integration will be performed in order to merge 
different in vitro toxicological outputs in an updated AOP for the 
reproductive tissues of interest.
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data with LC50 results from whole animal studies. Optimization 
to 96-well plates did not interfere with quality control checks laid 
out in OECD Test No. 249 and did not affect cytotoxicity results. 
 Cytotoxic responses varied across three cell lines with LC50s 
ranging from 26-500 µM in gill cells, 18-600 µM in liver cells, 
and 7-300 µM in gut cells. Taken together, these results show that 
OECD Test No. 249 (as well as studies on trout liver and gut cells) 
can be run on 96-well plates, preliminary analyses suggest that cy-
totoxic responses differ across the cell types, and that these results 
do not relate well with in vivo data, thus necessitating more re-
search.
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Longitudinal characterisation  
of TK6 cells sequentially 
adapted to animal product-
free, chemically defined culture 
medium: Considerations for 
genotoxicity studies
Noelia Perez-Diaz1, Ewelina Hoffman1, Julie 
Clements2, Rebecca Cruickshank3, Daniel Ebner4, 
Jianan Fu3, Joanne Kelsall2, Ian Woods2, Val Miller4 

and Victoria Hutter1 

1ImmuONE, United Kingdom; 2Labcorp, United Kingdom; 3PanBiotech, 
United Kingdom; 4University of Oxford, United Kingdom 

ewelina.hoffman@immuone.com 

In vitro approaches are an essential tool in safety screening of new 
molecules. Currently, FBS is routinely used as a supplement in cell 
culture medium, but batch-to-batch variability may introduce in-
consistency in inter- and intra-lab assessments. Several chemically 
defined serum replacements (CDSR) have been developed to pro-
vide an alternative to FBS, but not every cell line adapts easily and 
successfully to CDSR-supplemented medium, and the long-term 
effect on cell characteristics remains uncertain. 

The aim was to adapt the TK6 cells to CDSR-supplemented me-
dium and evaluate the long-term effects on the cell viability and 
functionality. 

Gradual and direct adaptation methodologies were compared by 
assessing the cell proliferation, size and viability every passage. A 
morphology study by high content imaging was performed and the 
expression of CD19 and CD20 was conducted via flow cytometry 
to assess the potential for phenotypic drift. Finally, functionality of 
cells in the OECD TG 487 assay was evaluated. 

The transitioned cells showed comparable (p > 0.05) viability 
and cell size as the parent FBS-supplemented cells., Cell morphol-
ogy (cellular and nuclear area, sphericity) and phenotype (CD19 

RPTEC/TERT1 and proximal tubular-like (PTL) cells derived 
from human induced pluripotent stem cells (hiPSC) to investigate 
mechanism of toxicity of tacrolimus (FK506), a widely used im-
munosuppressive drug associated with kidney injury. 

Methods: PTL and RPTEC/TERT1 were treated with different 
concentrations of tacrolimus to assess cytotoxicity through re-
sazurin assays and cellular stress was measured through enhanced 
lactate production. P-glycoprotein (PGP) transport upon treatment 
was measured by calcein-AM assays. Deregulated gene expres-
sion (DEGs) after tacrolimus treatment will be analysed through 
genome-wide transcriptomics (RNA-Seq). 

Results: PTL showed polarisation and expression of the tight 
junction proteins ZO-3 and occludin and proximal tubular mark-
er megalin. Cell viability of PTL decreased to ~75% and 62% af-
ter 24 and 48 hours of tacrolimus treatment (24 µM), respective-
ly, whereas RPTEC/TERT1 cells did not show decreased viabili-
ty. Lactate production increased in both cell types after 24 hours 
of treatment, suggesting cellular stress. Tacrolimus also exhibited 
potent PGP inhibition as measured by enhanced cellular calcein 
retention. Currently, investigations on the effects of tacrolimus on 
DEGs are ongoing. 

Conclusion: This study could help to unravel toxicity mecha-
nisms of tacrolimus. The outcome of this study could also contrib-
ute to further implementation of in vitro methodologies for toxici-
ty testing and replacement of animal models.
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Each year millions of fish are used for effluent testing and chem-
ical evaluations. The rainbow trout gill cell line (RTgill-W1) 
was recently standardized by the OECD as an alternative to an-
imal model to assess the cytotoxicity of chemicals. Despite this 
achievement, it is not clear how responses in the gill compare to 
other tissues. The purpose of this study was to compare cytotox-
ic responses in the RTgill-W1 against responses in rainbow trout 
liver and intestinal cell lines. The first objective was to optimize 
OECD Test No. 249 to operate in a 96-well plate format, thus in-
creasing the efficiency and scalability of the test assay. The second 
objective was to characterize cytotoxic responses in the three cell 
lines following exposure to 19 pesticides considered high prior-
ity to Canadian ecosystems and to compare the resulting in vitro  
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19 drug labels where FDA indicated concern for carcinogenicity 
to humans, it was based, in part, on carcinogenicity to rats or mice 
for only two; for two-thirds, no carcinogenicity studies were even 
conducted.
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metals in RPTEC/TERT1 cells and iPSC 
derived proximal tubule like-cells
Emma Scuric, Anja Wilmes and Paul Jennings 
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The Netherlands 
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Heavy metals, such as cadmium and arsenic can be found in food, 
water, air and in tobacco smoke. The half-life of some metals, e.g., 
cadmium can be more than 20 years and increase the risk of dis-
eases of the kidney, lungs and bones. Both cadmium and arsenic 
are classified human carcinogen group 1 by IARC. Once inside the 
cell, free metal ions activate the metal stress response pathway in-
creasing the production of metallothionein (MT) proteins, which 
chelate the metal ions. 

Here, we investigated the effects of four metals in human iPSC 
derived proximal tubule like cells containing a GFP reporter for 
Nrf2 dependent gene hemeoxygenase 1 (HMOX1) and in the human 
renal proximal tubule cell line RPTEC/TERT1. Sodium arsenite 
(NaAsO2), cadmium chloride (CdCl2) and mercury chloride (Hg-
Cl2) exposure resulted in a rapid increase in HMOX1 expression. 
NaAsO2 was the most potent (3 µM) followed by CdCl2 (10 µM)  
and HgCl2 (30 µM). In RPTEC/TERT1 cells gene expression for 
MT2A and HMOX1 followed similar profiles. There was no effect 
of lead acetate (PbAc) on these parameters up to 90 µM over 24 h.  
Longer exposures of PbAc (starting at 72 hours, 30 µM) however,  
increased transepithelial electrical resistance in RPTEC/TERT1 cells. 

In summary, of the 4 tested metals, NaAsO2, CdCl2, HgCl2 
were found to induce HMOX1, a marker of oxidative stress while 
NaAsO2 and CdCl2 also induced MT2A. More work will be re-
quired to further elucidate these results and to study the impact of 
exposure to MT bound metals.
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and CD20 surface markers) were in line (p > 0.05) with the orig-
inal cells. The new cells performed satisfactory in a pilot OECD 
TG 487 assay. 

TK6 were successfully transitioned to animal product-free medi-
um. The TK6 cells adapted to CDSR-supplemented medium shows 
potential to eliminate variability from FBS and increase the human 
relevance of in vitro methodologies in standard mutagenic in vitro 
assessments such as the formation of micronuclei (OECD TG 487).
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For most human drugs, international guidelines require evaluating 
carcinogenicity to rats and mice in long-term studies. An adden-
dum to these guidelines should decrease the number of long-term 
studies in both species: for mice, it prioritizes short-term studies 
and recognizes an exposure ratio for dose-setting; for rats, it rec-
ommends assessing the weight of evidence to determine wheth-
er a study would add value. By analyzing how animals were used 
in 109 carcinogenicity studies for New Drug Applications recent-
ly approved by U.S. FDA, we compared reductions achievable by 
implementing these and other recommendations. Replacing the re-
maining long-term studies in mice with short-term studies would 
result in a 17.3% reduction, while waiving 15 studies in rats based 
on histopathology in chronic studies, in a 12.9% reduction; no 
findings of preneoplasia predicted no findings of neoplasia with 
93% accuracy. Evaluating systemic exposure by microsampling 
minimal blood volumes, to eliminate toxicokinetics studies, would 
result in an 18.7% reduction; on average, three times more mice 
than rats were used in both study types. Using single rather than 
dual negative control groups would result in another 7.8% reduc-
tion. Finally, submitting genotyping data for rasH2 mice instead 
of using positive control groups would use 640 fewer mice; lung 
adenomas were found in nearly all mice administered urethane, 
supporting proposals to eliminate positive control groups. Of the  
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Application of human  
iPSC-derived proximal tubular-like  
cells for transport studies
Tamara Meijer, Joanne Buitenhuis, Paul Jennings  
and Anja Wilmes 
Division of Molecular and Computational Toxicology, Department of 
Chemistry and Pharmaceutical Sciences, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands 
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Within the nephron, the proximal tubule is particularly vulnerable 
to toxicity due to the presence of numerous transporters that may 
lead to higher intracellular exposure levels to toxic substances. 
Drug-induced nephrotoxicity can contribute to acute renal injury 
and chronic kidney disease. The development of human renal in vi-
tro models may contribute to the replacement of animal models for 
predicting proximal tubule injury. We have developed a protocol to 
differentiate induced pluripotent stem cells (iPSC) into proximal 
tubular-like cells (PTL) within 14 days [1]. PTL express megalin, 
display a polarised phenotype and show P-glycoprotein (ABCB1) 
transport. Further characterisation of renal transport is vital to de-
velop a suitable model for drug discovery and toxicity studies. 

Organic cation transport was studied using the renal proxi-
mal tubular epithelial cell line RPTEC/TERT1 and iPSC-derived 
PTL cultured on microporous growth supports. Functional trans-
port activity was measured using the fluorescent substrate ASP  
(12.5 µM). Tight barrier formation was confirmed by lucifer yel-
low retention and transepithelial electrical resistance (TEER) 
measurements. In both models, ASP was taken up from the ba-
solateral side and could be inhibited by basolateral application 
of quinidine (50 µM). Furthermore, apical application of cimeti-
dine (100 µM) resulted in an intracellular accumulation of ASP, 
likely through interference of apical multidrug and toxin extru-
sion (MATE) transporters. These results show the suitability of the  
iPSC-derived PTL model for studying organic cation transport. 

Reference 
[1] Chandrasekaran, V. et al. (2021). Generation and characteriza-

tion of iPSC-derived renal proximal tubule-like cells with ex-
tended stability. Sci Rep 11, 11575. doi:10.1038/s41598-021-
89550-4 
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To understand, prevent, treat and cure human disease, we need 
to shift the biomedical research paradigm – away from the use 
of animal models that remain poorly predictive for human safe-
ty and efficacy and toward innovative, nonanimal approaches. To 
achieve this, we suggest an ambitious program is adopted by re-
search funders and propose a model for the US National Institutes 
of Health (NIH). 

For the NIH model, we show how creation of “Science Innova-
tion Champions” at each NIH Center and Institute could re-engi-
neer the research enterprise to accelerate the shift away from an-
imal use. Science Innovation Champions would have expertise in 
the development and use of the non-animal, new approach method-
ologies (NAMs) and would be charged with the advancement and 
implementation of NAMs across all NIH Institutes and Centers. 

In this presentation, we map out a ten-year plan which aligns 
NIH’s mission to seek fundamental knowledge about the nature 
and behavior of living systems and apply this to enhance health, 
lengthen life, and reduce illness and disability with a significant 
reduction in animal use. We suggest deliverable items for 2-, 5- 
and 10-year milestones and propose metrics that could be applied 
to monitor progress toward a goal of animal replacement. 

Ultimately, this program would enable each NIH center and in-
stitution to undergo catalytic, transformative change of benefit to 
science, society and animals.
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Safety assessment of toys  
and school supplies in Brazil: Moving  
away from animal testing
Bianca Marigliani 
Humane Society International, Brazil 
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Protection of animals used for scientific purposes and the pro-
motion of alternatives to animals for product safety assessment 
is limited in Brazil. Regulations covering safety assessment are 
complex, administered by different agencies for different regula-
tions. The National Council for the Control of Animal Experimen-
tation (CONCEA) has recognized some alternatives, but there is 
no means of ensuring these Normative Resolutions are adopted by 
laboratories and agencies. The Brazilian Health Regulatory Agen-
cy (Anvisa) accepts data from alternatives, but other agencies es-
tablish the requirements for safety of specific products. For exam-
ple, the safety standards for children’s products such as toys and 
school supplies are established by the National Institute of Me-
trology, Standardization and Industrial Quality (Inmetro). These 
standards demand testing of finished products using either in vitro 
or in vivo methods for acute oral toxicity, skin and eye irritation, 
which is at odds with Brazilian law and CONCEA resolutions. 
HSI worked with the agencies to achieve consensus and adapt best 
practices applied in other countries to the regulation of school sup-
plies in Brazil. The current strategy is now based on information 
on the ingredients, and the use of animals is allowed only as a last 
resort and with technical justification. 

This was an important advancement in the school supplies sec-
tor, and now HSI is engaging Brazilian stakeholders to review toys 
regulations, aiming to take a similar approach. This is a concrete 
example of working with agencies to leverage scientific advances 
used in one region or sector to make progress in another.
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The current patchwork of state prohibitions of cosmetic animal 
testing in Brazil, together with specificities of the Brazilian regu-
latory framework, makes a federal law necessary for practical im-
pact. The Federal District and 12 states have local laws prohibiting 
these tests, each with its particularities, complicating compliance. 
In addition, there is currently no effective regulatory pressure for 
the industry to choose non-animal methods over the traditional 
ones. The National Council for the Control of Animal Experimen-
tation (CONCEA) is responsible for, among other competences, 
accrediting institutions that use animals in education, testing and 
research; and establishing norms for animal use, e.g., Normative 
Resolutions (NRs) recognizing testing methods, including non-an-
imal methods, with a 5-year deadline for mandatory replacement. 
However, this recognition process is very time consuming, and 
there is currently no system to monitor compliance to NRs nor to 
assess animal use on tests for which the replacement deadline is 
expired. 

CONCEA could publish a NR banning animal testing for cos-
metics, but the social claim to ban cosmetics animal testing would 
not be met, as tests may continue to be performed – either local-
ly, as there is no monitoring system, or in countries where they are 
allowed – and cosmetics tested on animals would continue to be 
sold in Brazil. 

After nearly a decade in the National Congress, the Bill 70/2014, 
which enacts the federal ban, passed the Senate in 2022. Passage 
in 2023 would finally end cosmetics animal testing and the sale of 
cosmetics tested on animals in Brazil.
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A lung-on-chip platform to  
assess in vitro safety and 
toxicology with physiologically 
relevant outcomes
Nuria Roldan1, Giulia Raggi1, Arunima Sengupta2, Lea 
de Maddalena1, Laurène Froment1, Aude Rapet1, Léa 
Todeschini1, Tobias Krebs3, Janick D. Stucki1 and Nina 
Hobi1 
1AlveoliX AG, Swiss Organs-on-Chip Innovation, Bern, Switzerland; 
2Organs-on-Chip Technologies, ARTORG Center for Biomedical 
Engineering, University of Bern, Switzerland; 3VITROCELL Systems 
GmbH, Waldkirch, Germany 

giulia.raggi@alveolix.com 

Classically, the approval of new products in the consumer goods 
and pharma industries required a thorough safety evaluation in-
volving animal testing. Thanks to the development of advanced 
in vitro models and in silico approaches, now regulatory agencies 
contemplate the possibility of human-relevant testing bypassing 
animal experimentation. 

Here, we present an approach for lung modeling including key 
physiological parameters, the AXLung-on-chip system. We ex-
plored the relevance of our model through different case studies in 
the context of toxicology, drug safety and efficacy. 

To assess the exposure to environmental hazards, an alveolar 
model was exposed to nebulized inhalants (Cloudα AX12). Inte-
grating breathing dynamics increased model’s sensitivity to neb-
ulized nanoparticles commonly used in the cosmetic and food in-
dustry (ZnO and TiO2), and toxicants such as PHMG. Exposure to 
these products incited pro-inflammatory responses accompanied 
by an increased cytotoxicity (> 2.5-fold) and barrier breakdown  
(> 3-fold decrease). 

Further, by using patient-derived models, we evaluated the safe-
ty of an oncologic drug and the efficacy of an antifibrotic com-
pound. Our immunocompetent barrier model reproduced specific 
signatures associated with increased inflammation and immune 
cell activation, relevant hallmarks for preclinical safety evalu-
ation. Additionally, we proved the antifibrotic effect of the com-
pound in vitro, which reverted collagen secretion in the efficacy 
model. 

In summary, our results underline the relevance of the AXLung-
on-chip system for molecule testing. Its significant impact in deci-
sion making and drug development is further supported by regu-
latory submissions. Overall, we believe this technology promises 
to alleviate the burden on animal testing by increasing in vitro pre-
dictivity and accuracy.

Presentation: Poster

732

A new barrier-on-chip system 
for one-fits-all organ modelling: 
The example of the gut
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To overcome the challenges and ethical concerns linked to animal 
testing, efforts from industry and academia are focused on finding 
alternatives to better simulate complex human physiology while 
improving predictivity and translation. 

In this work, we present the AXBarrier-on-Chip system, a plat-
form enabling to tune strain parameters to reproduce organ-specif-
ic mechanical cues (gut, skin, lung, etc.); or strain-related (patho)
physiological processes. By resting at the ultra-thin, porous, and 
soft cell culture substrate of the AX12 plate, cells experience 
near-physiological conditions and preserve specific phenotypes. 

To investigate the applications of this platform, we aimed at rep-
licating the gut environment with 3D peristalsis. For that, a co-cul-
ture of cell lines representing enterocyte and goblet features (Ca-
co-2 and HT29) was established and exposed to 3D mechanical 
stimulation following typical day activity patterns (active – day/ 
resting – night). 

The newly generated gut-on-chip model exhibited cell polariza-
tion (brush border formation), expression of typical gut markers, 
stable barrier formation, and permeability values within physio-
logical ranges. Further, we confirmed that 3D peristalsis enhanced 
the sensitivity to proinflammatory stimuli, leading to a pronounced 
barrier disruption and secretion of proinflammatory mediators. 

Our results support the versatility of the AXBarrier-on-Chip 
system for organ modelling with specific mechanical demands. As 
illustrated by the gut-on-chip model developed in this study, the 
implementation of physiologically relevant features has an impact 
on in vivo-like simulation. This increased accuracy and human rel-
evance are essential for model’s predictivity, which could have a 
significant contribution to decision-making and shortening drug 
development timeframes by reducing animal testing.
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A 3D human cell-based in vitro 
model for chronic Pseudomonas 
aeruginosa lung infection
Sven Cleeves1, Safaa Bouheraoua2, Sabine Wronski1 
and Armin Braun1 
1Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover 
(Germany), Member of the German Center for Lung Research (DZL), 
Germany; 2Institute of Molecular Bacteriology, TWINCORE Centre for 
Experimental and Clinical Infection Research, Hannover, Germany 
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The opportunistic human pathogen Pseudomonas aeruginosa 
causes chronic and lethal lung infections in susceptible individu-
als such as COPD and cystic fibrosis patients. Despite ongoing re-
search, host-pathogen interaction studies are limited by the lack of 
suitable long-term infection models. Without external aids such as 
agar beads, bacteria are rapidly cleared from the lungs of infect-
ed animals and the existing in vitro models are usually confined to 
short time periods due to high bacterial cytotoxicity. 

To overcome this problem, we established a new system for 
modelling chronic P. aeruginosa infection using both primary 
(normal bronchial epithelial) cells as well as a lung epithelial cell 
line (Calu-3). Cells were grown at the air liquid interface followed 
by infection with well characterized, patient-adapted clinical iso-
lates from the BACTOME database. 

Bacterial load, cell viability, pro-inflammatory cytokine secre-
tion and gene expression were analysed between 6 hours and 5 days  
after infection. Infected cells maintained a viability of up to 95% 
despite high bacterial loads (108 CFU/ml) and elevated immune 
markers (including IL-1β, IL6, IL-8 & G-CSF) up to 5 days 
post-infection. Concurrently, H&E staining showed an intact po-
larized monolayer throughout infection and bacterial transcrip-
tome analysis revealed upregulation of virulence factors such as 
LPS and the type III secretion system. 

We propose this 3D human cell model to be used for future 
host-pathogen studies and compound screenings as a physiolog-
ically relevant alternative to standard antimicrobial testing. The 
described method can be performed in a basic laboratory setting 
and allows for detailed monitoring of cellular and bacterial pa-
rameters.
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Cell-based reporter assays  
for nuclear receptors as predictive 
tools in reproductive  
and developmental toxicology
Jack Vanden Heuvel1,2 and Gargi Bhattacharyya2 
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Reproductive and developmental toxicology is an important area 
of research, as exposure to toxicants during critical periods of de-
velopment can have long-lasting effects on health and well-being. 
Traditional animal-based tests for reproductive and developmen-
tal toxicity are costly, time-consuming, and involve the use of a 
large number of animals. There is growing interest in developing 
alternative methods that are more predictive, efficient, and ethical-
ly sound. In this context, cell-based reporter assays for nuclear re-
ceptors are emerging as powerful tools for evaluating the effects 
of chemicals, alone or part of complex mixtures, on reproductive 
and developmental processes. Nuclear receptors, including estro-
gen receptors, androgen receptor, and thyroid hormone receptor, 
are transcription factors that play key roles in regulating reproduc-
tive and developmental processes. These receptors can be activat-
ed or inhibited by a wide range of chemicals, including environ-
mental contaminants and pharmaceuticals, leading to endocrine 
disruption and adverse effects on fertility, pregnancy outcomes, 
and offspring development. Cell-based reporter assays allow the 
detection of the binding of chemicals to nuclear receptors, the in-
duction or inhibition of receptor-mediated transcriptional activity, 
and the assessment of downstream effects on cellular functions. 
Recent advances in the development and application of cell-based 
reporter assays for nuclear receptors in reproductive and develop-
mental toxicology will be discussed highlighting their sensitivity, 
specificity, reproducibility, and throughput, and their potential for 
predicting adverse outcomes in humans and other species. We will 
also discuss the challenges and opportunities for integrating these 
assays into regulatory frameworks for chemical safety assessment, 
environmental monitoring, and regulatory decision-making.
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Efficacy of bacterial  
lysate OM-85 in RV1b-infected 
murine lung tissue slices
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Rhinovirus (RV) is the main cause of common cold and major risk 
factor of exacerbations in chronic respiratory diseases. RV infec-
tions in mouse models are cleared very quickly, thus only mild to 
moderate infections are represented. From the 3R perspective, to 
overcoming this, ex vivo models such as precision-cut lung slices 
(PCLS) can be used. OM-85 is a soluble lysate of bacteria isolat-
ed from the respiratory tract and used to prevent respiratory tract 
infections. This dataset presents OM-85 effects against viral infec-
tion on murine PCLS. 

PCLS were prepared from agarose-filled Balb/c lungs, treated 
prophylactically with OM-85, infected with RV1b, and post-treat-
ed with OM-85 for up to two days. Immune changes induced by 
viral infection and OM-85 treatment were analyzed. 

Ex vivo RV1b-infected murine PCLS induced IL-6, IP-10 and 
IFN-α secretion. Pretreatment with OM-85 resulted in modulation 
of several immune mediators. Transcriptomic analysis confirmed 
a strong immunomodulatory effect of OM-85 in RV1b-infected 
and uninfected PCLS. Transcriptomics showed that OM-85 alone 
induced differentially expressed genes (DEGs) and higher num-
bers of DEGs in presence of RV. Principal Component Analysis 
revealed clear clusters indicative of product, viral-dependent and 
-independent changes induced by OM-85. Treatment and infection 
of PCLS showed early points of immunomodulation that can mod-
el the immune response. 

The results showed a very prominent immune host effect of 
OM-85 alone and additionally to the RV induced immune re-
sponse in murine PCLS. OM-85 could lead to a priming of im-
mune cells in 3R-conform model PCLS and facilitate a more effi-
cient clearance of viral infections.
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phenotypic disease model  
for drug efficacy evaluation
Michael Rupar, Stephanie Rogers, Hannah Hanson, 
Narasimhan Sriram, Brianna Botlick, Justin Zuniga, 
Steven Trimmer, Russell Emmons, Christopher Long, 
Christopher McAleer and James Hickman 
Hesperos Inc., United States 

srogers@hesperosinc.com 

Of all the Plasmodium spp. found in humans, the infectious pro-
tozoans responsible for malaria, the falciparum species is the 
most fatal. The need for a human-based platform to model dis-
ease pathophysiology and monitor drug efficacy is much needed 
for preclinical drug development. While NHPs have been condu-
cive in breakthrough malarial discoveries, using NHPs as animal 
models is expensive and has limited availability. In this study a 
human-based Malaria-on-a-Chip model was developed to fur-
ther evaluate drug efficacy and off-target toxicity of common an-
timalarial therapeutics: chloroquine, lumefantrine, or artesuna-
te. Parasite clearance times, viability of all organ constructs, as 
well as hepatic metabolic activity and splenic immune response 
were monitored over the course of infection and treatment. Fol-
lowing administration of treatment, a dose dependent clearance of 
the parasite was observed in both strains for all compounds. Re-
crudescence of the 3D7 strain was observed by day 7 for all chlo-
roquine and lumefantrine treatments while recrudescence was not 
observed by day 7 with artesunate treatment. W2, a chloroquine 
resistant strain, infected systems exhibited a stabilization of para-
sitemia levels by day 7 when treated with chloroquine and lume-
fantrine, while those treated with artesunate continued to dimin-
ish. A significant dose dependent effect in treated organ viability 
was observed with chloroquine and artesunate treatment, but no 
significant changes were observed with lumefantrine treatment. 
With limited animal model resources involving human malarial 
infections, the data from the Malaria-on-a-chip model offers a hu-
man-based approach to model pathophysiological pathways and 
pharmacokinetic/pharmacodynamic models.
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Extrapolation of in vitro 
bioactivity and toxicity data to 
relevant human exposures
Alessandro Sangion1,2, James Armitage3 and Jon 
Arnot1,2 

1ARC Arnot Research and Consulting Inc., Canada; 2University of Toronto, 
Canada; 3AES, Armitage Environmental Sciences, Inc., Canada 

alessandro.sangion@mail.utoronto.ca 

In vitro bioactivity and toxicity data are increasingly being consid-
ered to facilitate hazard and risk assessment. One prominent exam-
ple is the calculation of Administered Equivalent Doses (AEDs). 
AEDs are typically calculated as the ratio of an in vitro POD (e.g., 
AC50, µM) and the estimated steady-state blood or plasma con-
centration (CSS, µM) corresponding to an oral dose of 1 mg/kg/d 
(e.g., AED = AC50/CSS 1 mg/kg/d). A key underlying assumption 
inherent to the calculation of AEDs is that the in vitro POD (e.g., 
AC50) and steady-state blood or plasma concentration are direct-
ly comparable exposure metrics. This assumption is problematic 
for several reasons stemming from the fact that in vitro PODs are 
almost always reported on a nominal basis. Because the composi-
tion of assay medium is different from the composition of plasma 
and blood and other losses can occur in vitro (e.g., volatilization), 
there may be substantial “mismatches” between in vitro PODs and 
CSS with respect to the relevant exposure. To assess the potential 
bias in typical AED calculations, we applied an in vitro mass bal-
ance model (IV-MBM v2.1) to a set of organic chemicals spanning 
a wide range of partitioning properties across various test condi-
tions. Differences in AEDs using nominal doses and model out-
put can be as large as two orders of magnitude. The results clearly 
demonstrate the importance of considering in vitro disposition and 
bioavailability issues when extrapolating in vitro bioactivity data 
to AEDs and then comparing to them to traditional in vivo PODs 
and exposure estimates.
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oxide nanoparticle size and solubility 
on lung epithelial cell toxicity
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Metal oxide nanoparticles (MONPs) are one of the most common-
ly used types of engineered nanomaterials (manufactured sub-
stances with at least one dimension in the 1-100 nm range), and 
they are used in a wide variety of applications in several indus-
tries. Many studies have observed cytotoxicity, genotoxicity, oxi-
dative stress, and pulmonary inflammation induced by MONPs in 
in vitro and in vivo models. The overall objective of this study was 
to investigate the cytotoxic and genotoxic potential of metal ox-
ide nanoparticles (MONPs) of different size and solubility to pro-
vide insight into the importance of physicochemical properties on 
MONP induced toxicity. FE1 mouse lung epithelial cells were ex-
posed to manganese dioxide (MnO2) and iron (III) oxide (Fe2O3) 
nanoparticles (NPs), microparticles (MPs), and soluble manganese 
sulfate (MnSO4). Cell viability was assessed after 24 h and 48 h 
using the trypan blue exclusion assay while DNA damage was as-
sessed using the high-throughput CometChip® platform after 2 h 
and 4 h of exposure. Changes in gene expression after 24 h and 48 h  
were examined using microarray. The NPs in general appeared 
to be slightly more cytotoxic and genotoxic than the MPs. MnO2 
NPs were more potent than Fe2O3 NPs with respect to genotoxici-
ty. Dissolved manganese ions did not induce toxicity. These results 
suggest that size and chemical composition influence their poten-
tial to induce toxicity. The information produced will address data 
gaps identified by health risk assessors and aid in the development 
of read-across strategies for the assessment of other MONPs.
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and uncertainty in high throughput 
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New Approach Methodologies (NAMs) such as in vitro-in vivo ex-
trapolation (IVIVE) and high-throughput toxicokinetic (HTTK) 
modeling can be used to obtain data necessary for chemical priori-
ty setting, screening, and risk assessment. However, there is a need 
to systematically examine existing data and NAMs to foster confi-
dence in their application by establishing the applicability domains 
(AD) of available HTTK models and databases. 

This presentation determines the AD and assesses the uncer-
tainty of current IVIVE and HTTK data to estimate administered 
equivalent doses (AEDs) from in vitro bioactivity test data. 

Different in silico approaches are applied to calculate toxicoki-
netic parameters and evaluate the chemical space that can be cov-
ered by current HTTK models. The comparison includes: i) Quan-
titative Structure Activity Relationship (QSAR) models to direct-
ly estimate total elimination half-life and a composition model, 
where tissue partitioning is a function of the composition of the 
tissue, to calculate volume of distribution ii) a generic one-com-
partment physiologically based toxicokinetic (1Co-PBTK) model 
that can be parameterized to different mammals as implemented 
in the Exposure And Safety Estimation (EAS-E) Suite platform, 
iii) the “3 Compartment steady state” model developed by the US-
EPA as implemented in the “httk” R package and accounting for 
metabolism on the basis of in vitro biotransformation data. The re-
sults of this work generally support the computational IVIVE and 
HTTK methods required to estimate AEDs. General guidance and 
recommendations are provided for applying HTTK methods for 
AED calculations and improving HTTK modelling and risk esti-
mation.
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Mechanistic information is increasingly prominent in prioritiz-
ing research and risk assessment activities and for reducing the 
use of vertebrate animals in toxicology research. However, there 
is a dearth of validated process for classifying mechanistic data. 
Three novel classification approaches utilizing keyword search-
es and artificial intelligence (AI)-based named entity recognition 
(NER) algorithms were tested using a publicly available literature 
database of 120 studies related to Bisphenol A (BPA) toxicity. The 
first approach employs a keyword search strategy to classify liter-
ature into 19 mechanistic categories using 7,626 keywords manu-
ally curated from public databases and expert input. The BPA liter-
ature mapped to 17 of the 19 categories, with the highest percent-
age of studies matching categories validated by manual screening 
(e.g., cell signaling). The approach also identified categories not 
matched by manual review (e.g., protein degradation). False pos-
itive (0-4%) and negative rates (0-11%) were low and varied by 
category. The second approach employs a keyword search strategy 
to map the literature to Adverse Outcome Pathways (AOPS). This 
method identified 5 potential AOP matches, of which 2 were rele-
vant. Modulation of match thresholds and removal of nonspecific 
entities improved identification of relevant matches. The AI-based 
NER method identified 46 novel (of 157 total) co-occurrences be-
tween endpoint entities and initiating or key event entities in the 
same sentence, that may facilitate AOP development to generate 
hypotheses, prioritize targets for validation, and explore key event 
relationships. These methods can be customized and provide rap-
id and unbiased approaches to classifying literature relevant to un-
derstanding disease mechanisms.
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3D-bioprinting brain model: 
New platforms for brain disease 
modeling and drug screening
Stefano Sorrentino, Stefan Wendt, Wenji Cai, 
Christopher Lee, Declan Brennan, Xiujuan Wu and 
Haakon B. Nygaard 
Division of Neurology and Djavad Mowafaghian Centre for Brain Health, 
University of British Columbia, Vancouver, Canada 
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Our current understanding of brain physiology and pathology is 
still limited by the lack of adequate, predictive, and inclusive mod-
els that account for the complex multi-layer architecture of the hu-
man brain. Through recent technological advances, tissue engi-
neering is achieving functional 3D models that provide accurate 
cell-to-cell and cell-to-matrix interactions. In the present work, we 
combine 3D-bioprinting technology with induced pluripotent stem 
cells (iPSCs) derived neurons and astrocytes to generate personal-
ized 3D neural tissue models suitable for brain disease modeling 
and drug screening. We first assessed the feasibility of our print 
settings on two natural and two synthetic bioinks used for neuronal 
tissue engineering. Secondly, we incorporated fluorescent neuro-
blastoma SHSY5Y-RFP and astrocyte-GFP cell lines to compare 
cell morphology and viability with different bioinks. Finally, we 
selected the bioinks with superior cellular responses and printabili-
ty and used them in combination with iPSCs-derived neuronal pre-
cursor cells (NPCs) and astrocytes. Our preliminary results show 
better cellular response with natural bioinks, long-lasting cellular 
viability, and neurite spreading and elongation for up to one month 
in culture. Overall, our data indicate the potential of personalized 
3D-bioprinted neuronal models as future possible drug screening 
and disease modeling platforms.
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Bioaccumulation (B) assessments need to be conducted as a part 
of chemical regulatory programs. Due to the myriad of metrics and 
categorization criteria and the underlying uncertainty in measured 
or modeled data, B assessments can be complex thus decision-mak-
ing can be challenging. Tiered methods and weight of evidence 
(WoE) approaches are recommended to address uncertainty. 

Here, we present the Bioaccumulation Estimation Tool (BET) 
and Bioaccumulation Assessment Tool (BAT), two complementa-
ry tools that form the basis of a tiered method to reduce unneces-
sary animal testing. The BET is a screening-level modelling sys-
tem integrated in the freely available on-line Exposure And Safety 
Estimation (EAS-E) Suite platform (www.eas-e-suite.com). The 
BET includes mass balance bioaccumulation models for a range 
of representative ecological receptors (plants, invertebrates, fish, 
birds, and mammals), food webs and typical laboratory test ani-
mals, i.e., fish and rat. The tool is automatically parameterized in 
EAS-E Suite and calculates B metrics such as Bioconcentration 
Factors (BCFs), Bioaccumulation Factors (BAFs) and Biomagni-
fication Factors (BMFs). The BAT is a higher-tiered tool which 
guides the collection, generation, evaluation, and integration of 
various lines of evidence (in silico, in vitro, lab and field studies) 
for a WoE approach for definitive B assessment decision-making. 

The BET and the BAT are freely available and can readily be 
used by interested stakeholders from academia, industry, and the 
regulatory community. These tools provide a consistent and trans-
parent framework to address uncertainty in B assessment and are 
envisaged to evolve with scientific and regulatory developments.
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Toward humanized skin model
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The development of alternative methods to animal tests was a 
milestone in the life sciences field. It allowed us to fulfill ethical 
and scientific concerns, leading to advances at speed never seen 
before at a lower cost. However, most still rely on animal-derived 
components, which also raises concerns. 

We explored different protocols to adapt and maintain epitheli-
al cells to an animal-free condition and to develop a reconstruct-
ed skin model using these cells. For that, fibroblasts were culti-
vated in DMEM supplemented with fetal bovine serum (Dfbs) 
(control) or human platelet lysate (Dhpl) To support further cell 
attachment, a coating with collagen IV (human) was evaluated. Fi-
nally, two protocols were employed: direct change (100% Dfbs to 
100% Dhpl) or gradual change with increasing concentrations of 
Dhpl. Direct replacement, with or without protein coating, as well 
as gradual change without coating resulted in impaired adhesion. 
The fibroblasts that underwent the gradual change associated with 
collagen IV coating maintained the morphological characteris-
tics, equivalent proliferation rate, and cell viability. A reconstruct-
ed skin model generated with the adapted fibroblasts and animal 
product-free media resulted in equivalent morphological charac-
teristics (thickness, number of epidermal layers) compared to tis-
sue obtained with traditional protocol (serum dependent). 

These results demonstrate that we can fully grow human pri-
mary cells in animal-free conditions. Moving forward, we will in-
clude animal-free keratinocytes in our skin model and replace an-
imal-derived dermal matrix by polymeric or human recombinant 
collagen I to generate an animal-free human skin model.
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Hesperos, Inc. aims to substantially reduce animal pharmaceuti-
cal testing and improve compound efficiency in preclinical trials 
to reduce late-stage drug failure by utilizing body-on-a-chip tech-
nology with human tissues coupled to bioMEMS devices to form 
Human-on-a-Chip®. This technology aims to recapitulate in-vivo 
physiological markers and outputs in an in-vitro system to reduce 
cost, improve pharmaceutical tests and improve patient outcomes 
by investigating drug compound efficacy, toxicity, and mechanism 
of action without animals. Hesperos has developed a portfolio of 
serum-free and low volume multi-organ microfluidic systems that 
allow for non-invasive electrical and mechanical functional mea-
surements on cardiac, neuronal, skeletal muscle, neuromuscular, 
and other tissues including functional barriers. This platform offers 
the ability to imitate a drug’s metabolic lifecycle (pharmacokinet-
ics) and functional effects in the human body (pharmacodynamics) 
to conduct toxicology and efficacy studies for disease treatment. 
Toward this goal, Hesperos’s multi-organ microfluidic systems 
feature recirculation of a low volume of medium using a pumpless 
design, enabling pharmacokinetic studies and organ-organ inter-
action. A major component in the engineering design of these mi-
crofluidic systems is the application of computational techniques 
and pharmacokinetic modeling strategies to predict drug behavior 
in these devices. A combination of computational fluid dynamics 
(CFD) and other numerical methods is used to engineer flow rates, 
shear stresses, and pharmacokinetics including first pass metabo-
lism and mixing rates using a multitude of flow schemes with dy-
namic rocking frequency, tilt angles and orientation. This proce-
dure allows for device extension to multi-organ, multi-level sys-
tems while minimizing development costs for use with predictive 
modeling.
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A new approach methodology  
for predictive DART  
with a C. elegans-based assay
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Hegarty1 and Adela Ben Yakar1,2 

1vivoVerse, Inc., TX, United States; 2The University of Texas at Austin, 
TX, United States 

support@vivoverse.com 

C. elegans has been of great interest to the toxicology communi-
ty for years as an alternative to animal testing. It has a short life 
cycle, high genetic homology with humans, shares many toxicol-
ogy-relevant cellular pathways, and can be cultured rapidly at a 
low cost. However, high-throughput developmental and repro-
ductive toxicology (DART) studies have previously been restrict-
ed to gross phenotypes such as body size, which limits the sen-
sitivity, specificity, and predictivity of the assay. Here we present 
a microfluidics-based high-throughput imaging platform (vivo-
Screen) that can simultaneously immobilize ~1,000 nematodes 
and acquire high-resolution time-lapse images of in-utero embry-
os from 24 individual populations per chip in 30 minutes. We an-
alyzed time-lapse images of C. elegans exposed to several doses 
of ecotoxicology-relevant chemicals (triphenyl phosphate, piper-
azine, and methylmercury) and quantified in vivo endpoints that 
are relevant for DART assessments. We demonstrated that our as-
say was repeatable across individual technical replicates and re-
producible over multiple independent experiments. Using mul-
tiparametric analyses, we were better at identifying low LOAEL 
values, especially with the late-stage developing embryo pheno-
type that was 2-10× more sensitive than the total embryo count for 
piperazine. Comparison of LOAELs for our sample toxicants with 
those from rodents and other model organisms showed that our as-
say correlates highly with the values obtained in rodents (Spear-
man correlation). These results demonstrate the utility of our as-
say as a New Approach Methodology (NAM) for DART, provid-
ing rapid predictive ethical in vivo toxicology testing without using 
vertebrate animals, at a fraction of the cost and time of mammali-
an studies.
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ocular epithelium model (ToxIn 
Ocular) to an animal-free condition
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The physiological characteristic of the human corneal epithelium 
makes it more susceptible to tissue damage caused by substances 
or environmental conditions. As such, eye corrosion and irritation 
are important endpoints for the toxicological evaluation of ingre-
dients and cosmetics. For a long time, these outcomes have been 
evaluated using animal models. However, social pressure, ethical 
concerns, and scientific motivations lead to the development of al-
ternative methods, such as reconstituted human corneal epithelium 
(RhCE) models. This project aims to develop and validate a new 
accessible and easily reproducible RhCE protocol based on the 
ToxIn Ocular model, using a chemically defined culture media and 
animal-free conditions. For that, HaCaT keratinocytes were seed-
ed in 24-well inserts previously coated with collagen I (bovine) at 
a density of 5 × 105 cells/insert. The tissues were maintained at an 
air-liquid interface for 6 days until adequate stratification and two 
media conditions were evaluated (standard media and animal-free 
media). Histological analysis and preliminary irritation tests were 
performed to evaluate tissue morphology and functionality. The 
two media conditions showed no significant histological differenc-
es with 4-5 layers of cells formed, which is comparable to the hu-
man epithelium cornea. Preliminary tests also demonstrated that 
the model can correctly predict the irritancy potential of chemi-
cals. With that, we have demonstrated the possibility of develop-
ing a biomimetic RhCE model using a media of known composi-
tion and animal product-free. Moving forward, we will replace the 
collagen I matrix with a human or recombinant source, perform 
biomarkers characterization, and validate the protocol for eye irri-
tation evaluation.
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Integrated multi-technique  
chemical hazard screening: A novel 
new approach method using  
the zebrafish (Danio rerio) larvae 
model and transcriptomics
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Larivière2, John Prindiville2, Jan Mennigen1 and  
Jason O’Brien2 
1Ottawa University, Canada; 2Environment and Climate Change Canada, 
Canada 
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Chemicals play a crucial role in our daily lives, but they can al-
so pose significant risks, especially with long-term exposure. Tra-
ditional animal-based methods for toxicity testing are expensive, 
time-consuming, unethical, and often don’t provide significant in-
sights into the underlying causes of adverse health effects. There-
fore, there is a need for faster, more cost-effective, and more infor-
mative New Approach Methodologies (NAMs) to assess the ec-
otoxicological consequences of toxic substances on animals. We 
propose an integrated NAM that uses the zebrafish embryo/larvae 
model and four techniques to evaluate the hazards of various toxic 
substances: transcriptomic dose-response modelling, the metabol-
ic energy expenditure (alamarBlue™) assay, the behavioural light-
dark photomotor response assay, and the classical fish embryo tox-
icity (FET) test. The novel aspect of this NAM is that it allows 
for the comparison of different points of departure (PODs) from 
the four techniques to screen the overall hazard of toxic substances 
and identify different toxicological effects. The preliminary results 
show that the transcriptomic dose-response modelling technique is 
the most sensitive and informative technique for chemical hazard 
identification because it captures the majority of sub-phenotypic 
adverse effects, followed by the behavioural photomotor response 
assay which is sensitive to neurotoxic phenotypes. With further re-
finement and validation, this integrated NAM has the potential to 
become an accessible and widely adopted screening tool to assess 
the hazard of toxic substances that threaten vulnerable species and 
the environment, while also providing insights into various mech-
anisms of action.
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Mechanical stress affects  
the metabolism of human fibroblasts 
and contributes to synovial fibrosis
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Fibrosis, typical of osteoarthritis (OA), is characterized by per-
sistent and exaggerated activation of fibroblasts due to chronic tis-
sue injury, mechanical stress, and low-grade inflammation. Me-
chanical cues are important homeostatic factors in the joint, but 
also critical for fibroblast activation and transition from fibroblasts 
to myofibroblasts in fibrosis. Nevertheless, the effects of mechan-
ical loading on OA progression remain widely unknown. Current 
preclinical approaches to study OA rely on in vivo model systems 
that do not enable precise control of microenvironmental cues, 
namely biomechanical load or shear stress. 

We aimed to provide an animal-free, human-based toolset to in-
vestigate the mechanisms induced by (patho)physiological me-
chanical stimuli applied in a defined manner to fibroblast-like sy-
noviocytes (FLS) in a 3D synovial membrane model. 

The model is based on FLS from OA patients cultured in ani-
mal-free synthetic hydrogel for 14 days and subsequently trans-
ferred to a bioreactor chamber. This model was subjected to e.g., 
0 and 5 dyn/cm² fluidic shear stress for up to 72 hours at 1.5-hour 
perfusion and 6.5-hour static intervals, corresponding to (patho)
physiological conditions of locomotion. Mechanical forces of 
5 dyn/cm² are sufficient to induce the expression of pro-fibrotic 
markers such as alpha-smooth muscle actin (α-SMA) and collagen 
type 1, compared with 0 dyn/cm². Moreover, α-SMA-positive FLS 
within the 3D construct were found to overexpress the metabolic 
key enzyme pyruvate dehydrogenase kinase 3. 

Our toolset allows to study the effects of mechanical stimuli in 
vitro in a highly controlled and reproducible fashion, enhancing 
our understanding of initial key events of this devastating disease.
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Advancing an ultraplexed RNA 
sequencing platform for  
high throughput gene expression 
analysis in ecotoxicology
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Peng Liu1, Jianguo Xia1 and Niladri Basu1 
1McGill University, Canada; 2Qiagen, United States 
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There has been increased interest in high quality, low-cost tech-
nologies to understand transcriptomic changes in non-human spe-
cies such as fish, invertebrates, and plants/algae, which can serve 
as a foundation for the next generation of ecological toxicity tests 
for chemical safety evaluation. Within the context of the U.S. En-
vironment Protection Agency (US EPA) Technology Advancing 
Rapid Gene Expression based Testing (TARGET) competition, 
the objective here was to evaluate differential gene expression in 
the transcriptome of four species, viz. Pimephelas promelas (P. 
promelas), Daphnia magna (D. magna), Chironomous dilutus  
´´(C. dilutus) and Raphidocelis subcapitata (R. subcapitata) using 
the UPXome ultraplex library preparation technology for RNA 
Sequencing from Qiagen. Species were exposed to eight chem-
icals in microplate formats. RNA was isolated from samples ex-
posed to the highest concentration and pooled in triplicate for 
each species. Libraries were prepared and checked for quality on 
a Bioanalyzer and sequenced on an Illumina NextSeq500. Raw 
fastq files were demultiplexed using Qiagen’s GeneGlobe RNA 
Seq portal and mapped using hisat2 (P. promelas) and salmon 
pseudoalignment (other species). Further downstream gene ex-
pression analysis was performed using the Limma package on 
www.expressanalyst.ca. There were 4 differentially expressed 
genes (DEGs; adjusted p-value < 0.05) in P. promelas includ-
ing transmembrane protein 9 and protein-cysteine N-palmitoyl-
transferase HHAT like protein, and 4 DEGs in C. dilutus includ-
ing serine threonine-kinase N isoform X2 and cellular repressor 
of E1A-stimulated genes. No DEGs were observed in D. magna 
or R. subcapitata. This work demonstrates the utility of the ultra-
plexed library preparation technology which is scalable for high 
throughput gene expression analysis in species of ecological rel-
evance.
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for skin sensitization risk assessment 
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Several in vitro methods addressing the first 3 key events of the 
adverse outcome pathway (AOP) for skin sensitization have been 
validated by the Organization for Economic Co-operation and De-
velopment (OECD). These methods can be combined in Defined 
Approaches (DA), as described in OECD guideline No. 497, to de-
termine hazard and potency classification for regulatory purpos-
es. Additionally, quantitative regression models based on in vitro 
methods have recently been developed to calculate a point of de-
parture (PoD) for skin sensitization risk assessment. These models 
calculate a PoD as a predicted Local Lymph Node Assay (LLNA) 
EC3 value, using data from the kinetic Direct Peptide Reactivity 
Assay (kDPRA), the KeratinoSens™ (KS) assay and the human 
Cell Line Activation Test (h-CLAT), covering key events 1, 2, and 
3, respectively, of the skin sensitization AOP. In this study, 60 fra-
grance ingredients, including 49 sensitizers and 11 non-sensitizers 
were tested in the kDPRA. These data were then combined with 
pre-existing KS and h-CLAT data in quantitative regression mod-
els to predict LLNA EC3 values as PoDs. Predicted EC3s were 
then compared to historical experimental EC3s and the No Ex-
pected Skin Sensitization Induction Levels (NESILs) in humans. 
For most of the fragrance ingredients in this dataset, the predicted 
PoDs were within or close to the area of the variation of the histor-
ical LLNA data and human NESILs. Additionally, there was mini-
mal variability in results between models combining the 3 in vitro 
assays, resulting in a median range of fold-changes between mod-
els of 1.1.
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Synaptogenesis assay for 
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in a human 3D brain model
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The rapid increase in the prevalence of many neurodevelopmen-
tal disorders (NDDs), such as autism spectrum disorder (ASD), is 
a major public health concern, with exposures to environmental 
chemicals a hypothesized source of this increase. While currently 
available animal models of NDDs are useful tools to study disease 
mechanisms and phenotypes, they are low-throughput and expen-
sive. The high costs, ethical concerns, and arguable relevance of 
current in vivo assays are prohibitive for routine chemical screen-
ing for developmental neurotoxicity (DNT). Thus, there is a crit-
ical need for robust human-relevant and fast-acting assays to re-
place animal tests and quickly assess the DNT of chemicals. We 
used 3D brain organoids to close this gap. 

Using CRISPR/Cas9 genomic editing, we have introduced a 
green fluorescent protein (GFP) to tag a pre-synaptic protein, syn-
aptophysin (SYP), in an induced pluripotent stem cell (iPSC) line. 
After quality control steps, this reporter line was differentiated in-
to brain organoids. We then followed the expression and colocal-
ization of the GFP tag with synaptic markers over time and quan-
tified GFP expression upon exposure the environmental chemicals 
(Lead, Arsenic, Cadmium, Chromium as well as mixture of the 
four), which are suggested to perturb neurodevelopment and syn-
aptogenesis, the formation and maintenance of synaptic connec-
tions. Tracking these changes over time allows for the characteri-
zation of DNT outcomes from chemical exposures. 

Thus, development of this alternative in vitro assay could re-
duce the burden of animal testing in DNT screening while provid-
ing high quality, high-throughput, and relevant data for chemical 
risk assessment to improve human health outcomes.
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Many commonly used consumer and industrial products are mix-
tures. Evaluation of human exposure requires knowledge of a sub-
stance’s chemical properties and components of the mixture can 
change the effective properties of the chemical of interest in the 
mixture. It is desirable to be able to confidently predict the proper-
ties of constituents of interest in a mixture to save time and mon-
ey and to avoid the environmental impacts of carrying out experi-
mental procedures. We developed a new tiered system for estimat-
ing the properties of known constituents in defined mixtures. The 
framework is freely accessible in the Exposure And Safety Estima-
tion (EAS-E Suite; www.eas-e-suite.com) on-line platform. Here 
we apply this framework as two case studies for predicting human 
exposure of substances originating from a mixture source: inha-
lation exposure of diesel fuel and dermal exposure of a transder-
mal drug from a simple skin cream-type product. Physicochemi-
cal properties including vapour pressures, partition ratios, and der-
mal permeation coefficients are predicted using different models 
and compared. Predictions are used to parameterize the RAIDAR-
ICE exposure model to compare the variability in predicted ex-
posure concentrations from using each model. Results show that 
while it did not make much of a difference whether mixture effects 
were accounted for in the diesel mixture, the skin cream-type mix-
ture showed a large variability in exposure concentrations, up to a 
factor difference of 130 between predicted and measured values. 
Finally, a sensitivity analysis demonstrates how partitioning be-
haviour changes due to mixture effects for each of these mixtures 
which are very different in nature.
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Ethical considerations with  
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The ethical needs and concerns with use and sourcing of human 
materials, particularly serum, in OECD in vitro test guidelines 
were explored in a dedicated international workshop held in 2019. 
The health-related aspects of the donation procedure, including 
tissue screening, donor health, laboratory work health protection, 
permission from the donor for commercial use, payment of the do-
nors and the potential for exploitation of low-income populations 
and data protection of the donors; supply, availability, and com-
petition with clinical needs; traceability of the serum and audit-
ability/GLP needs for the Test Guideline Programme, were exam-
ined. Here we provide the recommendations of the workshop with 
respect to the use of human serum, and potentially other human 
reagents, specifically with regard to test method development for 
OECD Test Guideline utility as part of the Mutual Acceptance of 
Data requirement across all OECD member countries. These in-
clude informed donor consent terminology, a checklist of human 
serum information requirements to be included with the Good 
Laboratory Practise report, and suitable sources for human serum 
to ensure waste supplies are used, that can no longer be used for 
medical purposes, ensuring no competition of supply for essential 
medical use.
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The scientific validity of non-human animal models in predict-
ing human toxicity in preclinical pharmaceutical testing is being 
questioned. 

Some alternative methods have been developed to reduce the 
use of animals in preclinical testing. For example, animal testing 
is being replaced by organ-on-a-chip (OOAC) technology. 

OOACs are microphysiological systems that mimic the struc-
ture and function of human organs such as the lungs, heart, and 
liver. They contain hollow microfluidic channels lined with liv-
ing human cells and an interface that lines the inner surface of 
blood and lymphatic vessels. The OOAC can be coated with live 
human cells for drug testing, disease modeling and personalized 
medicine. 

The OOAC can reduce the risk of drug development failures 
and time to market, which means faster access to new treatments 
and significant cost reductions. 

The objective of this study is to identify what the mainly com-
panies, areas, inventors are doing in R&D with OOAC. 

The patent research was made by using Orbit/Questel and the 
result was 862 documents. The mainly applicants are Emulate, 
Harvard College and MIT. The inventors were Donald Ingber 
and Daniel Levner. The areas were biotechnology and chemical 
engineer. 

With we can propose collaboration or TT with some of the ap-
plicants to improve research and products related to OOAC in 
Brazil.
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Rationale: Experimental animal studies often require pain man-
agement. Currently, there is a lack of pharmacokinetic (PK) and 
tolerability profiles in laboratory rodents for various analgesic 
drugs. The purpose of this study was to provide such data for sub-
cutaneous injection in mice and rats. 

Methods: PK plasma profiles of commonly used analge-
sics were determined by LC-MS/MS in C57BL/6J mice (overall  
n = 252; 20 mg/kg carprofen, 5 mg/kg meloxicam, 50 mg/kg  
metamizole, 5 mg/kg butorphanol, 0.1 mg/kg buprenorphine,  
25 mg/kg tramadol) and Sprague-Dawley rats (overall n = 159;  
5 mg/kg carprofen, 250 mg/kg metamizole, 0.05 mg/kg buprenor-
phine, 30 mg/kg tramadol) after single s.c. injection. To assess tol-
erability and side effects, physiological, behavioral and Irwin test 
parameters were obtained. 

Results: In mice, carprofen resulted in a favorable plasma elimi-
nation half-life (t½) of 8.52 h. PK analysis of all other compounds 
indicated a t½ below 2 h. Opioid analgesics led to mild physio-
logical and behavioral changes. In rats, PK analysis revealed a t½ 
of about 4 h for buprenorphine, of about 2-4 h for tramadol and 
its major metabolite, of about 4 h for metamizole’s major metab-
olites, and of about 7 h for carprofen. While carprofen was well 
tolerated, buprenorphine and tramadol altered home-cage behav-
ior and Irwin test parameters, and tramadol injection induced local 
skin inflammation. 

Conclusions: For both species, mainly carprofen appears as a 
promising candidate for further use in mono- and multimodal an-
algesia protocols. Due to short half-life and/or tolerability profiles 
at investigated doses, applicability of the other investigated anal-
gesics for pain management seems limited.
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The aim of this study is to develop an alternative method to rat 
carcinogenicity tests based on a read-across method using molec-
ular descriptors as representatives of physicochemical properties 
and the results of mechanism-based in vitro assays. The results of 
2-year rat carcinogenicity tests of non-genotoxic agrochemicals 
were collected using Risk Assessment Reports of pesticides pub-
lished by the Food Safety Commission of Japan, and 80 carcin-
ogens that induced benign and/or malignant tumors in the liver, 
thyroid, testis, uterus, ovary, breast, nasal cavity, stomach, and/or 
bladder/urethra and 46 non-carcinogens that showed no carcinoge-
nicity in these organs were selected. These substances were then 
subjected to various in vitro assays, including HepG2 cell-based 
cytotoxicity tests and reporter assays of several nuclear receptors. 
Fisher’s exact test demonstrated that there were significant associ-
ations between thyroid tumor and PXR activation, testicular tumor 
and AHR activation, stomach tumor and changes in cellular GSH 
levels, and bladder/urethra tumor and AHR activation. Then, read-
across prediction for these 4 types of tumors was performed us-
ing neighborhood (source) substances selected based on Euclidean 
distances between substances calculated using alvaDesc molecular 
descriptors, with or without the secondary selection of the source 
substances by in vitro assay data. The results indicated that read-
across with the secondary selection based on the assay data gave 
better prediction accuracy than read-across by descriptors alone 
for all the tumors investigated. These results suggest that mecha-
nism-related in vitro assays are useful for read-across prediction of 
non-genotoxic carcinogenicity of chemical substances.
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EPFL, Switzerland 
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In order to improve the welfare of our breeding and experimental 
mice, we have introduced plastic tunnels for gentle-handling and 
as enrichment items in all cages of our animal facility. 

Initially, a test was conducted to define the preference of mice 
between red or transparent tunnels, either placed on the floor or 
suspended from the upper grid of the cage (IVC model GM500, 
Tecniplast, Italy). Based on the results of this first test, we opted 
for transparent clip-on plastic tunnels attached to the grid. 

As the tunnel was meant to be used for gentle-handling, all ani-
mal caretakers were then trained to gentle-handling techniques in 
two parts: first, theoretical training to explain the scientific back-
ground and basics of handling techniques, followed by a practi-
cal session allowing each caretaker to familiarize with the method. 

Starting in January 2023, we gradually introduced clip-on tun-
nels to the currently occupied 6000 cages of our animal facility 
over a six-week period, bar those from researchers who opposed 
this approach for various scientific reasons, representing approxi-
mately 10% of all cages. 

Our first observations indicate a strong usage of this new enrich-
ment by the animals, despite an unanticipated use of the tunnel by 
certain strains as a latrine. 

The general impression is positive among our caretakers. To 
better evaluate the impact of this change, three months after im-
plementation, a survey was conducted with all animal caretakers. 

The detailed results of the tests done, the implementation phase 
and the survey outcome will be presented and discussed.
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Nanocellulose (NC) is an emerging material in the food sector 
with applications in food packaging, novel food, as well as food 
additives. The potential hazards of NC are not well characterized 
and a nano-specific assessment focussing on local toxic effects, 
and their ability to affect and cross the intestinal epithelium is re-
quired. A tiered approach was implemented for the hazard evalu-
ation of a panel of NC samples including nanofibrillated cellulose 
(NFC), cellulose nanocrystals (CNC) and bacterial nanocellulose 
(BNC) materials. 

In the first tier, a high content analysis-based approach was used 
to obtain a maximum amount of information on the cellular re-
sponses in intestinal and macrophage cell models following expo-
sure to a panel of NFC, CNC and BNC materials. A series of end-
points including cytotoxicity, DNA damage response, oxidative 
stress, and the pro-inflammatory response was quantified follow-
ing a 24 h treatment of Caco-2 and THP-1. A selection of NC ma-
terials demonstrating significant cytotoxic effects in Tier 1 studies 
were investigated further in Tier 2 studies where the uptake and 
crossing of the intestinal barrier was assessed, as well as inflam-
mation and genotoxic potential. Effects of digestion and modifi-
cation by the human microbiome was also studied. No cytotoxic 
effects on the panel of endpoints were observed in the intestinal 
Caco-2 model. However, in differentiated THP-1 cells, while on-
ly slight cytotoxic effects were observed, significant increases in 
pro-inflammatory responses (IL-8 secretion) were observed. Tier 
3 testing involved repeated dose toxicity assessment in complex 
models of the intestinal epithelium.
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Prediction of the skin sensitization 
potential of phytochemicals 
using experimentally validated 
in-silico approach
Rahul Date 
Jai Research Foundation, India 

rahul.date@jrfonline.com 

In vitro approaches for predicting the skin sensitization potential 
for chemicals have been widely employed and constant efforts are 
made to overcome the limitations and challenges associated with 
them if any. Recent additions of k-DPRA assay, GARD assay and 
in silico predictions with a defined approach to predict hazard as 
well as potency are described in OECD 497 guidance document. 

Phytochemicals which are used as active ingredients or adju-
vants in cosmetics and dermal therapeutics, topical applications 
are frequently observed with skin sensitization and hence it re-
quires caution. Computational approaches like QSAR and read-
across appear to be worthwhile in the early phase screening. Since 
these approaches are limited to structure-based predictions, us-
ing system-level approaches in combination would be compre-
hensive. Hence, in the present study, 603 phytochemicals were 
screened in-silico using OECD QSAR Toolbox. The limitations 
of the QSAR Toolbox in predicting skin sensitizers were identified 
and the systems biology-based approach was devised to comple-
ment the QSAR-based prediction. Using the devised approach, 41 
biomarkers were identified as a determinant of the skin sensitiza-
tion potential of chemicals, and the molecules attributed to these 
biomarkers were predicted as skin sensitizers. Further, the rele-
vance of identified biomarkers was studied and validated using an  
RT-PCR experiment, where THP-1 and HaCaT cells were treated 
with chemicals. The results justified the role of each approach in 
making the platform more robust and highlights an opportunity to 
shift the paradigm of skin sensitization assay with a better under-
standing of chemical toxicology mechanisms.
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models for predicting  
human thyroid peroxidase inhibitors
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The endocrine system is a complex network of glands and organs 
that controls and coordinates the physiological and neural systems 
using hormones. Endocrine disruptors are agents that perturb the 
endocrine systems and can eventually cause cancerous metabolic 
equilibration, birth defects, tumors, and other developmental dis-
orders. Thyroid disruptors (TDs) are a subfamily of endocrine dis-
ruptors that interfere with thyroid function. Although current test 
guidelines include measurements of thyroid hormones in circula-
tion, they cannot illustrate the mechanism of action behind thy-
roid adversity, and screening a greater number of compounds is 
challenging. Inhibition of enzymes involved in the synthesis of 
thyroid hormones, such as thyroid peroxidase (TPO) and sodi-
um iodide symporter (NIS), are well-accepted molecular targets. 
In this study, the human TPO and NIS structures were modelled 
using homology modelling and validated satisfactorily using Mo-
lecular Docking (MD) Simulation. Then, 190 human TPO inhibi-
tors with IC50 were docked with the modelled structure of TPO, 
and a 3D QSAR model was built using the binding conformation 
of the molecule with low binding energy as a reference. Machine 
learning kNN and Random Forest (RF) 3D QSAR universal mod-
els were built with R2 values of 0.80 and 0.79, respectively. To val-
idate the developed 3D QSAR models, the TPO inhibition activity 
of ten small molecules was predicted using the models, and all ten 
were identified as TPO inhibitors and demonstrated 100% accura-
cy qualitatively. The experimental results concluded that the mod-
els developed were highly reliable in predicting novel molecules 
as human TPO inhibitors.
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Development of a method for 
detecting addictive compounds based 
on the electrical activity of human 
iPS cell-derived dopamine neurons
Yuto Ishibashi, Nami Nagafuku and Ikuro Suzuki 
Tohoku Institute of Technology, Japan 

i-suzuki@tohtech.ac.jp 

Addiction is recognized to be triggered by a variety of compounds 
including commonly used pharmaceuticals, luxury items, and illic-
it drugs. Thus, it is imperative to develop an evaluation system for 
side effects of compounds to prevent addiction formation. How-
ever, there is currently no validated method to evaluate addiction 
without resorting to animal testing. In this study, we developed an 
evaluation system to identify addictive compounds by measuring 
the electrical activity of human iPSC-derived dopamine neurons 
using a microelectrode array (MEA). Dopamine neurons (iCells) 
and astrocytes (iCells) were co-cultured on this MEA. After 35 
days of culture, we conducted chronic dosing studies with 10 com-
pounds, and compared the results pre- and post-chronic adminis-
tration using principal component analysis (PCA). Based on the 
cumulative dose response before and after chronic administration, 
all five addictive compounds (nicotine, flunitrazepam, phenobarbi-
tal, ethanol, methamphetamine) were identified as addictive com-
pounds. On the other hand, non-addictive compounds (varenicline, 
amantadine, muscimol, acetaminophen, DMSO) were recognized 
as non-addictive compounds. This evaluation system also allowed 
us to discern distinct responses to addictive and non-addictive 
compounds acting on the same receptor. 

These findings suggest that the evaluation system employed in 
this study serves as an effective screening tool for identifying ad-
dictive compounds and that could replace animal experiments.
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From neurotoxicity/DNT screening 
to hit characterization
Marcel Leist 
University of Konstanz, Germany 

marcel.leist@uni-konstanz.de 

An in vitro test battery for DNT (IVB) has been assembled [1]. 
Some case studies have exemplified how the data may be fed in-
to IATA to support risk assessment. However, no general approach 
is available on how to understand hits from phenotypic assays on 
a biological level, and how to link the positive hits to adverse out-
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Mode of action of 4-hydro-
xyphenylpyruvate dioxygenase 
(HPPD) inhibitors: A new in vitro 
approach to replace in vivo 
measurement of tyrosinemia
Enrica Bianchi1, Giovanna Semino-Beninel2, Christian 
Strupp3, Tina Mehta4, Thomas Holmes5, Markus 
Frericks6, Jean-Christophe Garcin2, K. Sasaki7, Jane 
Botham8, Alex Charlton9 and Stéphanie Nadzialek10 
1Corteva Agriscience, United States; 2Bayer Crop Science, France; 3Gowan 
Crop Protection Ltd. Reading, United Kingdom; 4ADAMA, United 
Kingdom; 5ADAMA, Germany; 6BASF, Germany; 7Ishihara Sangyo 
Kaisha, Ltd, Japan; 8Syngenta, United Kingdom; 9Syngenta, United States; 
10CropLife Europe, Belgium 

enrica.bianchi@corteva.com 

4-hydroxyphenylpyruvate dioxygenase inhibitors (HPPDi) her-
bicides block the second enzyme of tyrosine catabolism. When  
HPPD is inhibited, the alternative route for tyrosine catabolism via 
urinary excretion of HPPD substrate 4 hydroxy-phenylpyruvic ac-
id is via tyrosine aminotransferase (TAT). There are differences in 
TAT activity between species and this is considered to be the prime 
factor driving the marked differences in the severity of tyrosinae-
mia induced by a HPPDi and associated effects (like corneal opac-
ity) observed across experimental species and humans. Previously 
reported TAT activities in different species showed large variation, 
were inconsistent, and had methodological uncertainties. In par-
ticular, the comparatively high TAT activity in dogs did not match 
the sporadic observation of corneal opacity in toxicology studies, 
which posed a reasonable challenge to the hypothesis that species 
differences were due to differences in TAT activity. To provide 
clarity, a new and robust in vitro method was developed for the si-
multaneous and systematic measurement of TAT activity in liver 
cytosolic fractions and/or hepatocytes from a range of mammali-
an species. The results obtained after full inhibition of HPPD by  
Nitisinone in primary hepatocyte model showed a very convincing 
correlation between high TAT activity and low in vivo tyrosinae-
mia-related toxicity. These data support the role of TAT in explain-
ing the species differences in tyrosinaemia-associated toxicity and 
offer a reliable and reproducible in vitro prediction of the in vivo  
response. In vitro measurements of TAT activity in hepatocytes 
turned out to be a reliable method than can be used to replace in  
vivo measurements of tyrosinaemia.
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96-well microtiter plates coated with purified C. perfringens 
epsilon and beta toxin overnight at 4°C separately. Blocking was 
done with bovine serum albumin and then the proper dilutions of 
sera test was added, in next stage goat antirabbit IgG peroxidase 
was added. All incubations were at 37°C for one hour and plates 
washed three times after appending each new reagents, after add-
ing TMB and stop solution and developing the colour at room 
temperature the absorbance was measured at 450 nm using a spec-
trophotometer. Antitoxin concentration of the test samples calcu-
lated by comparison of absorbance with curve generated using the 
reference serum. 

Mice serve only as indicators for the presence of specific anti-
toxin concentrations. Since in potency test this kind of ELISA can 
replaced by mouse neutralization assay but correlations with in vi-
vo potency test must evaluate in future research.
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Development and validation of an  
in vitro replacement assay for 
enterotoxemia vaccine potency test
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and Serum Research Institute, Agricultural Research, Education and 
Extension Organization, Karaj, Iran 

anahita_vet183@yahoo.com 

Enterotoxemia is a widespread disease of domestic ruminants 
caused by epsilon toxin of Clostridium perfringens type D that re-
sults in significant economic losses for the meat and dairy industry. 
Iran with different climatic provide suitable conditions for sheep 
breeding (52.2 million heads). Eradication of this disease is virtu-
ally impossible; control and prophylaxis are based on good man-
agement and systemic vaccination of small ruminant herds with 
epsilon toxoids. 

About 120 million doses of vaccine containing epsilon toxoid 
are produced annually in Iran. Potency test is one of the most im-
portant criteria in quality control of vaccine. As these tests are re-
quired for every batch of vaccine produced, this can result in the 
use of a significant number of animals. 

Toxin neutralization tests using cell cultures are available for 
Clostridial vaccines potency test. In our study, MDCK cell (25,000 
cells/ml, 48 hour) was sensitive to epsilon toxin and the cytopath-
ic effect was examined by the MTT staining method. The antitox-
in titres of rabbit sera and standard serum (NIBSC, UK) were cal-
culated in mice and cell culture assay (5.9 and 5.5 IU/ml). Good 
correlation coefficients were obtained between TNT and in vitro 
assay through Pearson’s correlation (r = 0.987) (p < 0.01). This 

come pathways (AOP). To address this gap of knowledge, we per-
formed an extensive hit characterization study on 7 chemicals 
found to be positive in a neurite outgrowth assay during a US Na-
tional Toxicology Program screening campaign [2]. We started 
with a broad transcriptomics evaluation and several biochemical 
assays investigating mitochondrial function. A subgroup of com-
pounds seemed to share a toxicity mechanism, related to respira-
tory chain inhibition. This was further evaluated by metabolom-
ics studies. The unbiased approaches led to the identification of 
berberine as complex-I inhibitor, which agrees well with the pub-
lished literature. The metabolomics characterization also provided 
an explanation, why a compound that may target all respiring cells 
in the body may have a specific neurotoxic effect in vivo. Berber-
ine, and two other mitochondrial toxicants were found to upregu-
late a neurotoxicity-specific pattern of metabolites. These may act 
in neurons synergistically with the primary effect of the toxicants 
on complex-I. Overall the study showed, how a mode of action of 
unknown compounds may be identified, and how a multi-omics 
analysis in vitro may pinpoint a specific adverse outcome or target 
organ in vivo.

References
[1] Blum et al. (2023). Chemosphere.
[2] Delp et al. (2018). ALTEX.
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An indirect ELISA assay for 
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Enterotoxemia vaccine is used for providing prophylactic protec-
tion against disease which are caused in sheep and goats The phar-
macopeia mouse neutralization assay is the standard method for 
determining the potency of the final vaccine batch by injecting to 
ten rabbits and measurement of the specific antitoxin concentra-
tions in the rabbit sera by serum neutralization tests in mice that 
lead to use thousands of mice and usually have lethal endpoints. 

The purpose of this study is developing an indirect ELISA assay 
for identification of C. perfringens epsilon and beta antitoxin in 
rabbit serum that leads to reduction in animal usage. In this meth-
od standard serum uses as the positive antigen. 
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Throughout life, continuous remodeling is part of human bone bi-
ology and depends on the simultaneous fine-tuning of physico-
chemical parameters such as the oxygen gradient and the variable 
mechanical load. In order to avoid animal experiments for studies, 
suitable in vitro model systems are needed that allow simultaneous 
modulation of oxygen tension and mechanical loading as driving 
factors of bone formation. 

Here, we report the development of a novel microphysiological 
system (MPS) that provides perfusion, independent regulation of 
the oxygen environment, and precise control of mechanical load-
ing. Our MPS enables quantification and control of applied forces. 
To better apply the use of the MPS to future studies of the (patho)
biology of bone formation, we examined a simplified 3D model 
of early de novo bone formation based on primary human osteo-
blasts (OBs) seeded into type I collagen scaffolds. OBs were used 
because they are responsible for bone formation as part of the re-
modeling process. 

Our studies show that with the self-developed MPS we can visu-
alize not only bone matrix formation and mineralization, but also 
remain cell viability and measure differing metabolism of prima-
ry OBs dependent on the respective physicochemical parameters. 

In summary, we present an MPS that will allow in the future 
to mimic (patho)physiological physicochemical changes to better 
investigate their influence on individual bone biology due to do-
nor-related differences.
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method does not also require highly purified toxins and monoclo-
nal antibodies that should be used in other in vitro methods. 

The study results have demonstrated that cell-based assays can 
be more sensitive and accurate, have high reproducibility and pro-
vide huge advantages in terms of saving animal lives.
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The 3Rs have been adopted internationally as a framework to ap-
ply alternatives that improve the welfare of animals used in re-
search studies. Trainers play an impactful role in teaching research 
personnel how to handle and perform procedures on research ani-
mals safely and humanely. Leading by example, it is essential for 
trainers to incorporate the 3Rs concept into hands-on training. Us-
ing inanimate training tools prior to live animal practice is one way 
to incorporate the 3Rs into hands-on training classes; however, the 
availability of affordable hands-on training tools is limited. In an 
effort to improve the use of the 3Rs in hands-on training and make 
inanimate training tools accessible and affordable to trainers, the 
author created a variety of inexpensive, hand-crafted inanimate 
tools to enhance hands-on training of non-surgical and surgical 
procedures in research rodents and other species. Through years 
of experience as a trainer, the author identified steps and concepts 
that were most challenging for trainees to learn and translate to live 
animal practice. Using this information, tools and exercises were 
created with the intention of addressing these learning challeng-
es. The approach to hands-on teaching evolved into a trademarked 
method known as “Translational Training Tools™; the 3Ts Serv-
ing the 3Rs (The 3Ts)”. The 3Ts method aims to share ideas for af-
fordable and effective means to implement the 3Rs alternatives in-
to hands-on training programs. This poster outlines the features of 
the 3Ts method and shares ideas for the implementation of the 3Rs 
for delivering effective, humane hands-on training.
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Besides ethical issues, using equivalent skin models provides an 
excellent alternative to animal testing due to its morphological, 
histological, physiological, and biochemical similarities to native 
human skin. While some of these models have been validated for 
assessing chemical formulations’ skin irritation and corrosion po-
tential, their suitability for studying the toxicity of formulations 
containing nanoparticles commonly found in cosmetics remains 
unknown. Thus, this study aimed to develop a Reconstructed Hu-
man Epidermal model (GB-RHE) and evaluate its performance 
in assessing skin irritation and its potential for assessing the haz-
ards associated with titanium dioxide nanoparticles (TiO2 NP). 
In the internal validation of the GB-RHE model, 8 of the 10 ref-
erence substances from the OECD TG 439 were correctly clas-
sified, resulting in a specificity of 60% and sensitivity of 100%. 
Subsequently, using the GB-RHE model, the TiO2 NPs at 10 µg/
mL and 100 µg/mL were classified as non-irritant. Although histo-
logical analysis (H&E staining) did not show morphological alter-
ations, Transmission Electron Microscopy (TEM) images demon-
strated that TiO2 NPs are internalized and can be found through-
out the epidermal layer. This study demonstrates the potential of 
RHE models for assessing the skin irritation and toxicity potential 
of nanoparticles and for conducting cellular internalization studies. 
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assay to evaluate eye stinging 
potential of cosmetic formulations
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The TRPV1 receptor, which is known to contribute significantly 
to pain perception, has recently been identified as a valuable tool 
for predicting eye-stinging potential in cosmetics. In this study,  
HEK-293 cells with high TRPV1 expression were utilized to 
evaluate calcium influx related to receptor activation triggered 
by chemicals and cosmetic formulations. The cells were exposed 
to increasing concentrations of 3 non-stinging (carbamide/urea,  
DMSO, and glycerol) and 4 stinging (ammonium nitrate, citric ac-
id, cocamidopropyl betaine, and sodium lauryl sulfate) reference 
substances, and TRPV1 activity was assessed by measuring in-
tracellular FURA-2 AM fluorescence signal. To confirm TRPV1 
channel activation, capsazepine, a capsaicin antagonist, was em-
ployed in addition to using capsaicin as a positive control. The 
study’s results indicate that this novel model can differentiate 
stinging and non-stinging compounds considering a cut-off value 
of 60% of Ca2+ influx exposed to the lowest evaluated concentra-
tion (0.00032%). When applied to the cosmetic formulation, al-
though the presented model exhibited higher sensitivity by classi-
fying as stinging formulations that had previously undergone clini-
cal testing and were deemed non-stinging, the assay could serve as 
a valuable in vitro tool for predicting human eye stinging sensation 
and it could be used as a tier 1 in an integrated testing strategy. Fur-
thermore, our study has confirmed that the TRPV1 channel is criti-
cally involved in the eye-stinging sensation caused by certain cos-
metic formulations.
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The use of human tissue contributed significantly to progress in 
scientific research. Accessing human tissue for scientific research 
is however difficult. Fresh, vital tissue is being used more fre-
quently and considered to be of high translational value, but sever-
al barriers and constraints exist with respect to feasibility and (reg-
ulatory) acceptance. Material can be used as long as ethical and 
legal regulations, such as the written consent of patients, are fol-
lowed in a transparent manner. However, several challenges exist. 
We aim to get insight in the drivers and barriers to use vital human 
tissue, and to propose concrete actions to overcome the challenges.

Overall, this project aims to contribute to the transition from an-
imal-based to human-based safety and efficacy evaluation in the 
food and nutrition sector. Regulators, NGO, academia, and indus-
try stress the need to move towards human-based science. Data 
and information generated with vital human tissue will give in-
sight in the predictive value for the human situation, in compari-
son to those obtained from cell lines or animal tests. However, in 
most (European) countries there is no transparent infrastructure to 
have access to human tissue for scientific research.

A survey was initiated to obtain information on the stakehold-
er needs and constraints. There are several logistic, quality, safe-
ty, ethical and cultural issues to overcome. Results of the survey 
and the learnings of the Dutch feasibility study will contribute to 
a guidance document, including a roadmap for an infrastructure in 
European countries to make vital human tissue available for scien-
tific research.
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To address metabolic disruption mechanisms and modes of ac-
tion for chemical hazard assessment, appropriate minimum 
chemical selection lists have been developed for test method de-
velopment, refinement, optimisation, and proficiency testing in 
preparation for (pre-)validation. Mechanisms covered are molec-
ular-level Peroxisome Proliferator Activated Receptor α and γ ac-
tivation and the tissue/organ-level adverse effect of white adipose 
tissue adipogenesis. 

The lists have been developed with consideration of a number 
of critical criteria needed for both understanding the strengths and 
limitations of respective candidate assays, and practical applied 
aspects as to how candidate test methods may eventually be com-
bined, as part of an Integrated Approach to Testing and Assess-
ment for metabolic disruption. On the basis of the critical selec-
tion criteria and considerations for chemicals used in (pre-)vali-
dation studies for regulatory purposes, 15 chemicals for PPARα,  
17 for PPARγ, and 10 chemicals for adipogenesis were inde-
pendently peer reviewed and are proposed. 

This project has received funding from the European Union’s  
Horizon 2020 research and innovation programme under grant  
agreement No. 825489, GOLIATH.
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