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Summary

Animals are used in scientific research for a range of purposes, including to
study biological processes (discovery research), develop treatments, and
assess the safety of substances to comply with regulations. In 2024, there
were 2.64 million regulated scientific procedures with animals in the UK;
around half were for discovery research and 22% for regulatory purposes.

Ethical, scientific and practical challenges have driven interest in alternatives
to animals in research. UK policy reflects ongoing efforts to replace, reduce
and refine the use of animals (‘the 3Rs’). In November 2025, the
government published a strategy for replacing animals in science.

Advancements in *human-specific’ technologies, including organoids, organ-
on-a-chip, and artificial intelligence, are providing opportunities to implement
the 3Rs. Alternative technologies vary in maturity. They show promise for
specific applications, including predicting liver toxicity or studying rare
genetic diseases, but currently lack capability in other areas of research,
such as whole-body interactions, ageing, and behaviour. Alternative
technologies may be used alongside animal models to reduce the number of
animal tests.

For UK regulators to accept a process using a new technology, it must be
validated (with proven reliability and reproducibility) and standardised (with
consistent methods), and it must provide adequate evidence of safety and
efficacy. Few technology alternatives are validated for regulatory use, which
researchers say is because testing requirements are unclear, and the
evidence base is limited. As scientific research operates within a global
market, international frameworks strongly influence UK regulation.

The National Centre for the 3Rs (funded by the UK Government) has
invested over £100 million in technology alternatives to animals since 2004.
The 2025 government strategy for animals in science commits further
funding and infrastructure support. The UK also plans to establish a national
validation centre to replace access to EU facilities, which it lost after Brexit.
The Centre for Economics and Business Research predicts that the UK's
alternative technology sector could reach £2.5 billion by 2026, with global
markets projected at $29.4 billion by 2030. International trade opportunities
may depend on whether countries amend their animal testing requirements.

Stakeholders have said the main barrier to wider use of alternative
technologies is their scientific readiness to replace animal models. Other
barriers include regulatory uncertainty, limited funding, infrastructure costs,
workforce skills, and limited access to high quality human samples and
datasets. Researchers have reported challenges including stigmatisation
around animal use in research, but also reluctance from funders and
publishers to consider methods that are less established than those used in
animal models.
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Background

Animals are used in life sciences research, with the aim of:
e understanding biological systems and processes

e researching diseases and developing treatments

e assessing the safety of materials and chemicals'™

In 2024, 2.64 million scientific procedures involving live animals were carried
out in the UK,* which was 0.4% lower than 2023.2 ©

Animals are used to model complex biological processes that are not studied
in humans because it would not be safe or ethical to do so. Research using
animals has led to breakthroughs relating to human health, animal health,
and environmental protection.3”-1!

In 2024, 22% of experimental procedures using animals in the UK were
conducted to comply with regulations, such as approval for health
treatments.* About half were conducted for discovery research, which aims
to discover new biological mechanisms rather than test existing knowledge.*

There are ethical concerns, scientific limitations, and practical considerations
with using animals in research. These concerns have contributed to debate
among policymakers, scientists, industry and the public about the potential
to adopt alternatives.'?-14

Regulation of animal research and ‘the 3Rs’

In the UK, the use of protected animals® in scientific procedures that could
cause suffering, pain, distress, or lasting harm is regulated by the Animals
(Scientific Procedures) Act 1986 (ASPA), later amended in 2012.¢ ¥

Procedures using animals are controlled by the Home Office with a triple-
licensing structure, and permitted only if it is not possible to use non-animal

@ Animals used in research include rodents, fish, birds, ungulates (horses, goats, pig, sheep,
cattle) amphibians, reptiles, carnivores (cats, dogs, and ferrets), primates and other
mammals.®

b Animals protected under ASPA include all living vertebrates and cephalopods (such as
octopus). There are special protections for horses, cats, dogs and non-human primates.*>

¢ Animal research was first regulated in the UK under the Cruelty to Animals Act 1876.16
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methods.? In the UK, animal testing is prohibited for tobacco products and
finished cosmetic products and their ingredients is prohibited.® 1°

The replacement, refinement and reduction in the use of animals in research
(box 1) is legally embedded into Section 2A of ASPA 1986 (amended in
2012).55

Box 1: The 3Rs

The 3Rs is an internationally recognised framework for improving the welfare
of animals used in research. It was first proposed in 1959, and is embedded
in UK legislation, research policy, and funding requirements: !>

— Replacement: avoiding or replacing animals where they otherwise
would have been used.

— Reduction: minimising the number of animals used consistent with
scientific aims.

— Refinement: minimising the pain, suffering, distress or lasting harm
that animals might experience.?>%

The UK has replaced the use of thousands of animals in research per year
through funding of the 3Rs.?326?7 In 2024, regulated animal procedures were
at their lowest level since 2001.* Researchers have cautioned that this may in
part reflect research moving overseas.?

In 2023, the National Centre for the 3Rs (NC3Rs)" commissioned a review of
UK regulatory and ethical review processes support the 3Rs in animal
research. It showed that replacement opportunities were often missed, since
funding reviewers rarely suggested existing alternatives to using animals.3°

d The triple licensing structure set out in ASPA requires a personal licence for the scientific
investigator, a licence for the establishment in which the procedures will take place, and a
licence for the project, containing details of which animals will be used and what procedures
will be performed.t>

¢ The use of animals to test tobacco products was banned in the UK in 1997.%7 A ban on
testing finished cosmetics on animals has been in place since 1997, and for cosmetic
ingredients since 2009, under policy measures aligned with EU Cosmetics Directive
76/768/EEC.'8 The EU fully banned the marketing and import of animal-tested cosmetics in
2013 via EU Cosmetics Regulation 1223/2009.%° After Brexit, the UK confirmed that no
licenses would be granted for animal testing of chemicals used exclusively as cosmetic
ingredients.?°

f The NC3Rs is a UK-based scientific organisation that helps the research community
worldwide to identify, develop and use 3Rs technologies and approaches. It was founded in
2004, following a House of Lords recommendation to increase UK investment and activity in
the 3Rs.??
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The 2025 strategy for replacing animals in science

In November 2025, the government published a strategy for replacing
animals in science. The strategy focuses on animal replacement but supports
the appropriate use of animals where reliable alternatives are not available.
It aims to drive private investment, regulatory confidence and acceptance in
alternative methods, and create infrastructure and partnerships.3!
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Human-specific technology
alternatives to animals

Advancements in *human-specific’ technologies are providing opportunities to
implement the 3Rs (figure 1).3? These technologies are designed to replicate
aspects of healthy and diseased human biology.33-°

Figure 1: Examples of human-specific technology alternatives to
animals

In Vitro Ex Vivo 1In Silico Biomimetic
- =)
_ i
2D Cell 3D Cell Tissue Explants Analytical Non-animal
Cultures Cultures Techniques derived antibodies

X Wi = 4 9,

P .f \'/:,— E o
Organoids Organs-on-a-chip Precision Cut In Silico Synthetic
Tissue Slices Models Tissues

Source: faCellitate (2025), Zhao et al. (2022), Shannon et al. (2022), Liu et al. (2022),
Creative Bioarray (2025), Alsumidaie (2024), GeeksforGeeks (2025), Benwood et a/. (2021).40-
47 These examples are not an exhaustive list of technology alternatives to animals.

Laboratory approaches using cells and tissue

‘In vitro’ (meaning ‘in glass’) approaches are laboratory-based techniques
conducted outside a living organism using isolated tissues, cells, or
molecules.*® Human cells or tissues are obtained from donor or patient
tissue, derived from induced pluripotent stem cells (iPSCs), and/or grown
under laboratory conditions:9 !

9 Induced pluripotent stem cells (iPSCs) are reprogrammed cells that can form many cell
types, enabling lab-grown tissues for studying diseases and testing medicines.*> More
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e 2D and 3D cell and tissue cultures are used to study responses to
chemical signals and physical conditions, for example, testing toxicity of
compounds on liver cells or modelling cancer cell behaviour.>°354

e Organoids are complex 3D cell cultures that replicate structural and
functional qualities of human organs, used to study aspects of organ
development, diseases, and drug responses.>>>°

e Organs-on-a-chip are small plastic chips which combine human cells and
tissues with microfluidic technology (tiny channels that carry liquids or
gases) and mechanical forces to replicate functional units of living
organs.336061 These channels simulate processes like blood flow,
nutrient flow, tissue movement, and interactions between cell types.52-54

Cell and tissue approaches may be combined with in vitro analytical
techniques:

e Omics technologies analyse molecular changes in response to stimuli,
such as understanding drug mechanisms and detecting toxic effects.5>-68

o High-throughput screening (HTS) provides automated, rapid testing of
large numbers of compounds on /n vitro models, applied in early-stage
chemical or drug discovery and chemical safety assessment.®®

Ex vivo approaches

‘Ex vivo’ approaches are conducted outside of the body, usually with more
complex structures, such as whole tissues or organs:”°

e Human tissue explants are surgically removed fresh human tissues (such
as skin, tumours, lungs, and lymph nodes) maintained in a lab.”*”3 They
offer patient-specific treatment insights and support disease
research.”?74

e  Precision-cut tissue slices are uniform slices of fresh human tissues
maintained in a lab, used for regulatory testing, drug screening, and
comparing responses across donors.”>"7

information about stem cells, how they are regulated and used in research, and the wider
ethical and societal implications can be found in the POSTnote on Human stem cell-based

embryo models.5°
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In silico approaches

‘In silico” (meaning ‘in silicone’, the material used in computer chips)
approaches use computer modelling:”®

o Computational and mathematical modelling is based on rules and
statistical equations that use large datasets (such as in vitro test results)
to simulate and predict biological processes, and understand disease
without experiments.”?-82

o Artificial intelligence (AI) and machine learning (ML) aim to learn
patterns from large datasets to predict toxicity, prioritise compounds for
testing or optimise experimental design.83%” These systems can refine
their algorithms without additional reprogramming.?’

o Digital twins are virtual models of organs, systems, or processes, based
on real-time data.®®° Virtual organs can predict drug effects,
understand disease, and assess chemical toxicity.3%°°

Biomimetic approaches

Biomimetic approaches involve designing materials or technologies that
imitate biological structures:®!

o Non-animal-derived antibodies are laboratory-produced proteins that
identify and bind to target molecules.®? They can identify molecules that
indicate disease, drug targets and measure treatment effects.*

o  Synthetic tissue models are engineered materials that physically and
mechanically mimic animal or human tissues without containing living
cells.®* They are used to study structural and mechanical features
relevant to tissue function, to test devices and drugs, and can be
combined with living cell cultures to model organ
microenvironments.°1:9>%

Other approaches

Other approaches include non-invasive screening technologies, such as
functional magnetic resonance imaging (fMRI) and electroencephalography
(EEG). These allow the study of human brain functions at a lower resolution
than some invasive techniques used in animal research.®’-190

Research can use organisms that fall outside current regulations, such as

invertebrates and animal foetuses, eggs or larvae.!%*-11% For example, single-
celled slime moulds have been used in pre-clinical research to develop a
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dietary treatment for epilepsy, later validated in animal models, and now in
clinical use.!!!

Use of animals in alternative technologies

Some alternative technologies still use animal-derived components. For
example, Matrigel, a material that supports cell and tissue cultures, is
extracted from purpose-bred mouse tumours.!'? Foetal bovine serum,
obtained from the blood of cow foetuses, is used in cell cultures to support
cell growth.!3 Researchers are developing alternatives, such as animal-free
hydrogels.h 113:115-118

h A hydrogel is a soft, structured material that can hold large amounts of water. It can mimic
aspects of biological tissues and is used in research, medical applications and drug testing.'!*
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Scientific readiness of alternative
technologies

The suitability of alternative technologies depends on the research question
and field of study.!?

There are differences in how mature alternative technologies are, as well
differences in how widely they can be applied to support the 3Rs (scientific
readiness).'?° Some alternative technologies have not yet been accepted by
regulators. This is partly due to a lack of agreed criteria for assessing the
maturity and reliability of the technology (see Validating and standardising
alternative methods).!2!

Researchers, regulators, and industry representatives have said that policy
changes which restrict the use of animals in research should be driven by
scientific readiness, to avoid slowing scientific progress and to maintain
public confidence in the safety of procedures and therapies.!?%123

Effectiveness of replicating human biology

Neither animal models nor alternative technologies perfectly replicate human
biology. In certain contexts, alternative methods can generate data that may
be more relevant to humans than traditional animal models.3363124

While these models demonstrate significant potential, researchers caution
that these methods are suited to specific applications, and require further
development and validation before they can fully replace animal studies.!?!

Promising applications include:

e Human heart cells may reveal arrhythmias that animal hearts do not
always exhibit.12>-128

e  Brain organoids may improve understanding of human neural
development and neurodegenerative disease, as certain aspects may be
difficult to study in animals due to differences in brain complexity and
structure,3>129,130

e Organoids and other models based on patient-derived cells may be used

to investigate rare genetic conditions with no equivalent in animals.!3~
133

e  Liver-on-chip systems may predict drug-induced liver injury where
animal models may be less reliable.13%13
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e Lung-on-chip and immune-cell-based systems may predict responses to
inhaled chemicals, drugs and pathogens, by addressing differences in
immune reactions and airway structures between humans and
animals.136-138

Broader areas of research where alternative technologies are not yet suitable
include:

e Understanding how organs and body-wide systems interact over time,
including disease progression, ageing, neurodegeneration, obesity,
immune function, circulation, and the movements and processing of
hormones, nutrients, and waste products.5913%-143

» Side effects of taking one or multiple medications, such as internal
bleeding and seizures.!30144

e Reproduction and developmental biology including pregnancy,
embryo development and interactions between foetal and maternal
systems, 1414/

e Understanding behavioural changes associated with neurodevelopmental
or neurodegenerative disorders and/or treatments to target them.414°

Researchers highlighted that replacing animals in discovery research is
challenging, since processes that are not fully understood cannot be
modelled with confidence.!0:15!

Integrated and complementary approaches

Combinations of different non-animal methods and approaches may, in the
future, replicate multiple organs or systems. This could replace studies that
would otherwise involve whole animals.!?3:52

Integrated approaches have been used in some areas of regulatory
research.'>3 Next generation risk assessments (NGRAs) combine in vitro tests
with computational models and other human-relevant methods, which can
assess risks associated with chemicals or substances.!>*

With increasing amounts of human health data, combining datasets and AI
could enable more accurate predictions of drug safety.!

Reducing the number of animals used in
research

Where full replacement of animals is not yet possible, alternative
technologies may be used in combination with animal models to reduce the
number of animal tests. 223132155
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According to the Innovative Health Initiative, virtual control groups could
reduce animal use in studies of toxicity by up to 25%.1%6:15

Al-based screening could help prioritise which compounds should advance
through the drug development pipeline.8*#” Physiologically-based
pharmacokinetic (PBPK) modelling is a computational approach which
predicts how a substance will behave in humans or animals.>® PBPK models
can estimate appropriate testing doses and potential toxicity levels, reducing
the number of animals needed.!>°-162

Implementing technology alternatives

The 2025 government strategy uses a ‘three baskets approach’ which
categorises animal tests by whether technology alternatives will be ready in
the short term, medium term or long term (figure 2).'

The animal tests in each category have been agreed with regulators and
include targets and timelines for replacing them. 3! As technology improves,
animal tests will move between categories, or ‘baskets’, for example from
long-term to medium-term.

Figure 2. Three baskets approach to technology readiness

Short term Medium term Long term

Mature
replacements exist

More complex
endpoints with no
current suitable
alternatives

Viable alternatives
could be
developed/adopted

with potential for
rapid transition

Source: Department for Science, Innovation and Technology (2025). Replacing animals in
science: A strategy to support the development, validation and uptake of alternative methods.

" The ‘three baskets approach’ was recommended by the European Federation of
Pharmaceutical Industries and Associations. 63

i An example of an animal test placed in the ‘short term’ basket in the government’s 2025
strategy is skin irritation testing. This typically involves applying chemicals to the skin of
animals, usually rabbits, and observing for signs of irritation or damage. Due to the maturity
of alternatives that mimic human skin, the government aim to only use animal
alternatives for skin irritation testing by the end of 2026.3!
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Validating and standardising
alternative methods

Validation demonstrates that a method is reliable, reproducible and fit for its
intended purpose.!>?

Standardisation establishes agreed protocols to ensure methods will be used
consistently in different settings.'®*

These processes are required for the regulatory acceptance and application
of new methods.k 3112 Methods must be validated before protocols can be
standardised.?* A method may be validated for one purpose but not
another, 24152166

The 2025 government strategy notes that very few alternative methods to
animals are validated for regulatory use, limiting broader adoption.3!
Validation can take a lot of time and resources, requiring collaboration across
sectors.123:167-16% Technology developers say that the lack of clear evaluation
standards slows the uptake of alternatives.!”°

Confidence in research methods can be low until they are validated against
effects measured in humans.!’172 Limited data, and insufficient
understanding of the method and how to interpret the data obtained, can
slow regulatory acceptance of alternatives.3°

Researchers, government officials and industry professionals have suggested
a tiered approach to validation, where evidence required is based on
potential exposure and risks.'”3174 As single technologies are rarely direct
replacements for animal studies, validation must consider how different data
sources and approaches can be integrated and interpreted, which may
require new ways of thinking about evidence, risk and safety.1>3174175

The UK lost access to the European Union Reference Laboratory Centre for
the Validation of Alternative Methods (EURL ECVAM)' after Brexit. The
government’s 2025 strategy plans to create a UK Centre for Validation of
Alternative Methods.3!

kK There are no formal requirements for validating and standardising technology alternatives in
discovery research, although researchers emphasise that validation and standardisation
should still be considered best practice in such contexts. 6>

I EURL ECVAM coordinate or support the validation of alternative technologies, often through
formal studies across multiple laboratories.!”! Other examples include the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) in the United
States, and the International Coalition of Medicines Regulatory Authorities (ICMRA).176:177
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Regulating alternative technologies

Regulatory agencies, such as the Medicines and Healthcare products
Regulatory Agency (MHRA) and the Environment Agency, protect the safety
of humans, animals and the environment.31:174

UK regulatory frameworks require safety testing before products, such as
medicines or chemicals, are approved.™ 18 For example, the Human
Medicines Regulation Act 2012 requires that pre-clinical and toxicological
data are submitted before clinical trials for new medicines can begin (figure
3).178

The law does not mandate animal testing, but regulators require evidence of
efficacy and safety from validated tests. Regulators usually require animal
tests in practice because there are few validated alternative technologies that
can completely replace animals in preclinical testing.?> However, if a
validated alternative technology became available, it could be legally
required to use that instead to satisfy UK regulatory requirements. 3!

The Home Office may potentially authorise the use of animals in tests
despite there being an alternative accepted in the UK, if the data generated
will be used to satisfy regulators in other countries who do not yet recognise
the alternative for a justifiable scientific reason.?%18!

™ Chemicals could include plant protection products (insecticides, herbicides), household
products (cleaning products, paints), industrial chemicals, food additives, pharmaceuticals,
and environmental contaminants.178-180
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Figure 3. Example of a drug discovery and development process.

Research and Experimental Review and
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For example, Research, for Clinical trials in Safety and
identifying drug example using humans with efficacy
targets or animals or dosage and evaluation,
screening technology safety approval and
compounds. alternatives. monitoring. manufacture,
post-marketing
surveillance.

Source: Adapted from Bharatha, A. (2025).182 Images from BioRender. This is a simplified
illustrative example and processes may vary.

International regulation

As life sciences research operates within a global market, international
frameworks strongly influence UK regulation (table 1).183184
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Table 1: International regulatory frameworks

Framework

The Organisation of
Economic Co-operation
and Development (OECD)

Domain

Human and
environmental safety
testing of chemicals

Recommendations and UK relevance

The OECD’s Testing of Chemicals guidelines
(TGs) set international standards for safety
testing.’*? Data from TG methods are
accepted internationally under the Mutual
Acceptance of Data system.!?3

The UK adheres to this framework, and data
on chemicals tested using this framework in
another country are automatically accepted

in the UK.18

The International Council
for Harmonisation of
Technical Requirements
for Pharmaceuticals for
Human Use (ICH)

Human
pharmaceuticals

ICH regulatory guidelines ensure the safety,
efficacy and quality of pharmaceuticals.
Testing new drugs on two mammal species
(a rodent and non-rodent) is often required
before approval in human use.!®

The MHRA is a full regulatory member of the
ICH.187’188

International Cooperation
on Harmonisation of
Technical Requirements
for Registration of
Veterinary Medicinal
Products (VICH)

Veterinary medicines

The VICH establishes safety and efficacy
testing requirements for veterinary
medicines. It is working towards
incorporating validated technology
alternatives.!®

The UK is a standing member of the VICH.
It does not have voting rights and is not
bound by VICH guidelines, but it aligns with
their principles.!®°

The Veterinary Medicines Directorate acts as
the UK regulator.*!

The EU regulation
Registration, Evaluation,
Authorisation, and
Restriction of Chemicals
(REACH)

Industrial and
environmental
chemicals

EU REACH assesses the safety of chemicals.
It promotes alternative testing methods, and
companies are required to share data to
ensure no unnecessary animal testing.
Animal research is only permitted where no
alternatives are available.!”®

UK REACH mirrors EU REACH principles and
uses OECD validated methods.!*? The Health
and Safety Executive and Environment
Agency are responsible for its
administration. %2

18
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World Health
Organisation (WHO)

Vaccines, biologics The WHO sets international safety standards

and public health for vaccines and drugs made from living
organisms, often applied in the UK. The
standards encourage reduction and
replacement of animal testing in batch
testing and quality control.®3

International Standards Technical standards,  ISO develops internationally recognised

Organisation (ISO)

materials, and quality voluntary standards that ensure the quality,

systems across safety and reliability of products and testing
research and methods. Its standards support the
industry. validation, reproducibility and comparability

of laboratory methods, including some non-
animal and in vitro approaches.**

The UK participates in ISO through the
British Standards Institution and adopts
standards where appropriate.'®

Regulatory agencies, industry representatives and model developers have
stated that the UK's regulatory autonomy post-Brexit provides flexibility to
align with or diverge from international recomendations.8*

But industry representatives note that global marketing requirements often
limit the use of alternative technologies.'*® Companies must meet the
standards of multiple jurisdictions, including those that rely on internationally
harmonised frameworks (see table 1).152

Several international bodies are updating their policies to encourage the use
of alternative technologies.'®” For example, the 2022 US Food and Drug
Administration (FDA) Modernization Act 2.0 broadened the definition of non-
clinical testing to explicitly permit the use of alternative methods in place of
animal testing in drug development where scientifically appropriate.!®

Some technologies are recognised by regulators internationally.'>? For
example, 2024 OECD test guidelines included approaches combining human
cell-based tests, chemical reactivity tests, and computer models to test skin
sensitisation.n 199-202

Regulatory acceptance of methods may depend on how quickly regulatory
agencies and frameworks respond to emerging evidence.!?'** An example is
tebentafusp, a treatment for a rare human eye cancer for which there were
no relevant animal models. Its development relied on human cell-based and
computer-based tests instead of traditional animal studies. Although there
was no formal legal framework for approving drugs based on such data,
national regulatory agencies reviewed the evidence to allow supply in the

n Skin sensitisation occurs when a substance triggers a skin reaction.
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UK, the US and the EU. In the UK tebentafusp, was recommended for use by
the National Institute for Health and Care Excellence (NICE) in 2025.° 24

° NICE produces guidance and standards for the NHS. It is funded by the Department of
Health and Social Care.?03
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Research funding and economic
opportunities

UK funding landscape

In the UK, most public funding for 3Rs research comes from the government
via UK Research and Innovation (UKRI) research councils and Innovate
UK.295:206 This includes funding provided to the NC3Rs by the Medical
Research Council (MRC) and Biotechnology and Biological Sciences Research
Council (BBSRC).2”

UK researchers can access funding through the EU’s Horizon Europe
programme.?% Charity, third sector, and private investment is available on a
smaller scale.?07:2%

Since 2004, the NC3Rs has invested over £100 million into research,
including over £60 million in human-based in vitro models, and £30 million in
contracts awarded via the CRACK IT innovation programme.P 1211 They
have funded 53 PhDs in human-specific technologies since 2020.%!!

The 2025 government strategy commits to increasing funding for alternative
technologies, with a stated financial support of £60m.31212 After its
publication, the MRC, Wellcome,* and Innovate UK announced £15.9 million
of funding to support in vitro disease model development.?!*

Funder, regulator and industry representatives said that funding councils
should balance scientific innovation with safety and ethical considerations.
They highlighted the need for sustained investment in skills, collaboration,
infrastructure, and validation to advance reliable alternative technologies.?!®

Reviews of past studies could guide future funding, particularly in academic
discovery research. A systematic review assessing the impact of research
using non-human primates (NHPs) advised that all study results should be
published, whether positive or negative, to prevent duplication and ensure
lessons are learned.?'%2” The RSPCA suggested this could serve as a model
for broader evaluation of benefit across research types.?!8

P The NC3Rs CRACK IT Challenges are open innovation competitions for industry, academia,
and small and medium sized enterprises to develop new technologies and approaches that
replace, reduce, or refine the use of animals in research. These challenges aim to develop
and commercialise human-specific technologies that address unmet research needs.?10

9 Wellcome is one of the largest charitable foundations in the UK, funding worldwide research
aimed at solving urgent health challenges.?!?
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Economic opportunities

In 2019, the Centre for Economics and Business Research estimated that the
alternative technology industry contributed £592 million to the British
economy, forecasting this could be £2.5 billion by 2026." 2*° Allied Market
Research projected that the global non-animal alternative testing market will
be worth $29.4 billion by 2030.2%°

International trade

Government stakeholders highlighted that technologies could provide
economic opportunities from international trade agreements. This may
depend on countries amending their animal testing requirements, as seen in
cosmetics (box 2).2%

Box 2: UK cosmetics trade with China

In 2021, the estimated worth of the Chinese cosmetics market was

£50 billion. Mandatory animal testing requirements restricted UK companies

from importing cosmetic products into China. However, in 2021, the UK and
Chinese Governments agreed a certification system, issued by the Office for
Product Safety and Standards (OPSS), enabling British companies to export

‘general’ cosmetics products without animal testing. However, animal testing
is still required for ‘special’ cosmetics.s 196223224

In 2025, the OPSS signed a memorandum of understanding (MOU) with
China to influence the adoption of non-animal testing methods for ‘special’
cosmetics for safety testing and ingredient innovation. The MOU aims to
improve market access for UK—China trade of cosmetics, advance global best
practice in non-animal testing methods, and drive innovation and
collaboration to advance the industry. An internal estimation by the
Department for Business and Trade suggested that this collaboration may
contribute up to £50 million over five years in UK exports of ‘special’
cosmetics.??®

" This was estimated using gross value added (GVA). GVA is the measure of the value of
goods and services produced in an area, industry, or sector, minus the cost of inputs and
raw materials.

s In China, cosmetic products are legally classified into general cosmetics and special
cosmetics. General cosmetics are products for everyday purposes like cleansing or
beautifying. Special cosmetics are products with a specific modifying role, such as sun
protection, hair colouring, or skin whitening. Special cosmetics make claims about their
effects, so they require testing to prove they work.222
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Barriers to uptake

Researchers, government officials, and industry representatives agreed that
the main barrier to the wider uptake of alternative technologies is scientific
readiness to replace animal models,?2121,174,175,226-228

Alternative technologies can time a lot of time and money to develop and
use, particularly if regulators require that animal models are needed
alongside the alternative technology.74229-231

Regulatory barriers

Regulators may have limited familiarity, expertise or capacity to evaluate
emerging technologies, which can delay regulatory acceptance and
integration into existing frameworks, 39232233

Some researchers said that guidance on how to submit or incorporate
alternative technologies can be unclear.?** Some companies are hesitant to
submit data from alternative methods in case regulators reject it.23®
Diverging from established EU or OECD protocols could create issues for
international regulatory submissions and global market access.?31234

In 2025, the government committed to upskilling regulatory assessors, and
enabling regulators to provide early feedback on proposals, for example
through the MHRA'’s scientific advice service.3!

Aligning investment

The 2025 government strategy highlighted that there is not enough funding
for the development, validation and standardisation of alternative
technologies. It also indicates that when funding is available, it does not
continue for long enough to support their uptake in the long term.3!
Technology developers and industry experts have said research should focus
on real-world use, as technologies can misalign with user needs when
developed without early input from industry or regulators.?3®

The government’s strategy aims to address this through increased public
funding, stronger public-private partnerships and improved shared
infrastructure and validation pathways to reduce investment risk.3*

Funding organisations have suggested that improved classification of 3Rs
research would make it easier to track work being undertaken, and to
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evaluate its outcomes.3%23” Suggestions include using current classification
systems, such as the Medical Subject Headings (MeSH) thesaurus.t 238

Workforce and skills

Surveys suggest many researchers are aware of, or already using, alternative
technologies alongside animal models.?3! However, some noted that greater
collaboration between teams working with animal models and those
developing or applying alternative technologies could accelerate
progress.3°'151'239

Many professionals are experienced in animal research and may lack skills,
knowledge, contacts, or confidence in alternative technologies.?3! Effective
integration requires interdisciplinary expertise, and upskilling across sectors
can take a lot of time and resources.®!*

Developing and validating new models requires staff time and effort.?3!
Researchers may be hesitant to change where they have built a professional
reputation and network centred around a specific approach.23:151,240,.241

In academia, job insecurity and publishing pressures can make adopting new
methods seem risky, with some funding bodies and journal reviewers
favouring animal studies or asking for non-animal approaches to be validated
against animal models. 30.240-244

The 2025 government strategy includes a commitment to provide 3Rs
training to early career researchers, research funders and other organisations
using animals in research, to build expertise and awareness in alternative
methods.3!

Some animal researchers have reported feeling unfairly scrutinised or
stigmatised due to public and political discourse against animal use, and
believe there are unrealistic expectations about how soon alternative
technologies could be adopted.12%119:245

Infrastructure and costs

Universities have invested substantial time and money into developing and
maintaining animal research facilities.?* Some alternative technologies
require specialist equipment and facilities which may not be widely

t The Medical Subject Headings (MeSH) thesaurus is a controlled vocabulary produced by the
National Library of Medicine, used to index, catalogue, and search biomedical and health
related information.238
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accessible.3%1%* Developing these technologies and their supporting
infrastructure can have high upfront costs.8

Investing in shared centres for alternative methods could reduce costs and
improve the accessibility of infrastructure. 2 The 2025 government strategy
commits £30 million to develop a preclinical translational hub, as a public-
private partnership, to accelerate development, validation and scaling of

in vitro pre-clinical models.3!

Access to samples and data

Access to samples

Human-derived clinical samples are essential for many in vitro approaches.?¥’
Specialised cells, such as cancer cells, are typically obtained from surgical
biopsies.?*® Researchers highlighted that the process of obtaining samples
from clinicians is complex and time consuming due to patient consent
requirements, multiple access processes, and inconsistent information.?3!

Companies may enable access to cells for research, but collection, storage
and processing methods are not always transparent, limiting standardisation
across tests.?*:2>0 Researchers have proposed cold chain transport to enable
‘on demand’ access to cells, reducing reliance on central facilities or costly in-
house expertise.!??

The use of human samples raises ethical issues around consent and data
privacy.>® For example, obtaining informed consent that clearly explains how
samples and associated data will be used, stored, and shared, and clarity on
the right to withdraw.2°1-2>3 Researchers highlighted privacy protections, such
as de-identification and secure storage, as essential to prevent misuse and
maintain trust.2>%2>5

Consent frameworks can sometimes restrict the use of samples.?*! If a model
is developed using samples which are not consented for commercial
research, it is not possible for that model to be used in pharmaceutical
research.?%®

Factors such as genetic background and ethnicity can influence responses to
medicines.?>’2>° Models using single-cell sources may not fully capture real-
world variability.?6° For example, one study of cancer cell lines found an
ancestral bias, with 62% of samples from European descent, and 29% from
East Asian origin.26!

U Existing examples include the Queen Mary University of London Centre for Predictive In Vitro
Models, and the Imperial College London Centre for Intestinal Systems, both of which are
providing infrastructure, training and access to resources to conduct standardised in vitro
research.?’
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Access to data

Computer modelling can be limited by access to high-quality datasets.?62263
Data varies in format, quality, diversity, and origin (including human-specific
in vitro studies and animal experiments), making it more difficult to compare
and integrate data.3%2%*

Many datasets are not publicly accessible due to commercial, intellectual
property, or confidentiality reasons.?®> Models may be developed using
incomplete or inconsistent data, making them less reliable.?%%2%7 This may
lead to unnecessary repetition of tests, as researchers may be unaware that
comparable studies have already been conducted.?6?

Researchers have said that data sharing can be limited by the lack of
international guidance on data anonymisation and data sharing.?®®
Collaborations between public and private entities could allow for protected
sharing of confidential data.?’® The government has proposed that the Health
Data Research Service could help accelerate progress in alternative
technologies. 3!

The use of Al raises ethical and governance questions, such as addressing
biased datasets and reproducibility of results, and challenges around data
sharing and privacy.83262.264272 For example, it can be unclear how an Al
model reaches a decision, which makes it hard to trust its findings and
determine who is accountable.?”3274 Ensuring models provide understandable
reasons for their outputs is essential for validation and regulatory
approval.273:275,276

Vv The upcoming Health Data Research Service (HDRS) is a government initiative to provide a
single, secure gateway to linked NHS health and care data. It aims to streamline research
access, accelerate clinical trials, and enable faster, more impactful discoveries while
maintaining high standards of data protection and public trust. It is planned to launch in
2026.31,271

26 5 January 2026


https://post.parliament.uk/research-briefings/post-pn-0708/

Technology alternatives to animals in life sciences research, POSTnote 756

References

1. Vidhya, C. S. et al. (2024). The indispensable role of animal science in
drug discovery: a comprehensive review. Journal of Experimental Zoology
India, Vol 27, 1313.

2. National Institute for Health (2024). How Animals Have Helped Improve
Public Health.

3. Mukherjee, P. et al. (2022). Role of animal models in biomedical research:
a review. Laboratory Animal Research, Vol 38, 18.

4. Home Office (2025). Annual statistics of scientific procedures on living
animals, Great Britain 2024.

5. Strange, G. (2023). Animal experiment statistics. House of Commons
Library.

6. Home Office (2024). Annual statistics of scientific procedures on living
animals, Great Britain 2023.

7. Research Defence Society (2007). Medical Advances and Animal Research:
The contribution of animal science to the medical revolution: some case
histories.

8. Kinter, L. B. et al. (2016). Scientific Knowledge and Technology, Animal
Experimentation, and Pharmaceutical Development. /ZAR Journal, Vol 57,
101-108.

9. Kemp, C. J. (2015). Animal Models of Chemical Carcinogenesis: Driving
Breakthroughs in Cancer Research for 100 Years. Cold Spring Harbor
Protocols, Vol 2015, 865—-875.

10. Quianzon, C. C. et al. (2012). History of insulin. Journal of Community
Hospital Internal Medlcine Perspectives, Vol 2, 18701.

11. Imperial College London (2023). Animal Research Report 2022-2023.

12, Bottini, A. (2009). Food for thought... on the economics of animal
testing. Alternatives to Animal Experimentation, 3—16.

13. Hartung, T. (2017). Opinion versus evidence for the need to move
away from animal testing. Alternatives to Animal Experimentation, 193—
200.

14. Lang, C. M. (2009). The cost of animal research. Lab Animal, Vol 38,
335-338.

15. UK Parliament (1986). Animals (Scientific Procedures) Act. 14.

16. UK Parliament (1876). The Cruelty to Animals Act. /7.

17. House of Lords (2002). Select Committee on Animals in Scientific
Procedures Report. House of Lords.

18.  Council of the European Communities (1976). Council Directive
76/768/EEC on the approximation of the laws of the Member States
relating to cosmetic products. /6/768/EEC.

19. European Parliament and the Council of the European Union (2009).
Regulation (EC) No 1223/2009 on cosmetic products. 1223/2009.

20. Understanding Animal Research (n.d.). Cosmetic testing.
Understanding Animal Research.

21. Russel, W. M. S. et al. (1960). The Principles of Humane
Experimental Technique. Medical Journal of Australia, Vol 1, 252.

27 5 January 2026


https://connectjournals.com/pages/articledetails/toc038048
https://connectjournals.com/pages/articledetails/toc038048
https://grants.nih.gov/policy-and-compliance/policy-topics/air/how-animals-help
https://grants.nih.gov/policy-and-compliance/policy-topics/air/how-animals-help
https://labanimres.biomedcentral.com/articles/10.1186/s42826-022-00128-1
https://labanimres.biomedcentral.com/articles/10.1186/s42826-022-00128-1
https://www.gov.uk/government/statistics/scientific-procedures-on-living-animals-great-britain-2024/annual-statistics-of-scientific-procedures-on-living-animals-great-britain-2024
https://www.gov.uk/government/statistics/scientific-procedures-on-living-animals-great-britain-2024/annual-statistics-of-scientific-procedures-on-living-animals-great-britain-2024
https://researchbriefings.files.parliament.uk/documents/SN02720/SN02720.pdf
https://www.gov.uk/government/statistics/statistics-of-scientific-procedures-on-living-animals-great-britain-2023/annual-statistics-of-scientific-procedures-on-living-animals-great-britain-2023
https://www.gov.uk/government/statistics/statistics-of-scientific-procedures-on-living-animals-great-britain-2023/annual-statistics-of-scientific-procedures-on-living-animals-great-britain-2023
https://www.understandinganimalresearch.org.uk/application/files/7016/4380/3819/medical-advances-and.pdf
https://www.understandinganimalresearch.org.uk/application/files/7016/4380/3819/medical-advances-and.pdf
https://www.understandinganimalresearch.org.uk/application/files/7016/4380/3819/medical-advances-and.pdf
https://academic.oup.com/ilarjournal/article-lookup/doi/10.1093/ilar/ilw027
https://academic.oup.com/ilarjournal/article-lookup/doi/10.1093/ilar/ilw027
http://www.cshprotocols.org/lookup/doi/10.1101/pdb.top069906
http://www.cshprotocols.org/lookup/doi/10.1101/pdb.top069906
https://www.tandfonline.com/doi/full/10.3402/jchimp.v2i2.18701
https://www.imperial.ac.uk/media/imperial-college/research-and-innovation/public/animal-research/23_08_Animal-Research-Report_.pdf
https://www.altex.org/index.php/altex/article/view/633
https://www.altex.org/index.php/altex/article/view/633
http://www.altex.org/index.php/altex/article/view/50
http://www.altex.org/index.php/altex/article/view/50
https://www.nature.com/articles/laban1009-335
https://www.legislation.gov.uk/ukpga/1986/14/contents
https://www.legislation.gov.uk/ukpga/Vict/39-40/77/enacted
https://publications.parliament.uk/pa/ld200102/ldselect/ldanimal/150/15004.htm
https://publications.parliament.uk/pa/ld200102/ldselect/ldanimal/150/15004.htm
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF%20
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF%20
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF%20
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1223&from=EN%20
https://www.understandinganimalresearch.org.uk/regulation/cosmetics
https://onlinelibrary.wiley.com/doi/abs/10.5694/j.1326-5377.1960.tb73127.x
https://onlinelibrary.wiley.com/doi/abs/10.5694/j.1326-5377.1960.tb73127.x

Technology alternatives to animals in life sciences research, POSTnote 756

22. Home Office et al. (2014). Working to reduce the use of animals in
scientific research. Department of Health.

23. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (2021). Evaluating progress in the 3Rs- the NC3Rs
framework.

24. European Medicines Agency (2016). Guideline on the principles of
regulatory acceptance of 3Rs (replacement, reduction, refinement) testing
approaches.

25. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (n.d.). The 3Rs.

26. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (2019). Research Review 2019.

27. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (2025). Impact report: Non-animal methods
Infrastructure grants.

28.  The Guardian (2025). Why we have to continue with animal testing
for medical research. The Guardian.

29. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (n.d.). Who we are.

30. Rawle, F. (2023). The role of review and regulatory approvals
processes for animal research in supporting implementation of the 3Rs.
31. Department for Science, Innovation & Technology (2025). Replacing
animals in science: A strategy to support the development, validation and

uptake of alternative methods.

32. Husain, A. et al. (2023). A Review on Alternative Methods to
Experimental Animals in Biological Testing: Recent Advancement and
Current Strategies. Journal of Pharmacy and Bioallied Sciences, Vol 15,
165.

33. Ma, C. et al. (2021). Organ-on-a-Chip: A New Paradigm for Drug
Development. 7rends in Pharmacological Sciences, Vol 42, 119-133.

34. Pappalardo, F. et al. (2019). In silico clinical trials: concepts and early
adoptions. Briefings in Bioinformatics, Vol 20, 1699-1708.

35. Mittal, R. et al. (2019). Organ-on-chip models: Implications in drug
discovery and clinical applications. Journal of Cellular Physiology, Vol 234,
8352-8380.

36. Kavalci, E. et al. (2023). Improving clinical trial design using
interpretable machine learning based prediction of early trial termination.
Scientific Reports, Vol 13, 121.

37.  Jumper, J. et al. (2021). Highly accurate protein structure prediction
with AlphaFold. Nature, Vol 596, 583-589.

38.  APPG for Human Relevant Science (2022). Bringing back the human:
animal research to human relevant science in the UK.

39. Drost, J. et al. (2018). Organoids in cancer research. Nat Rev Cancer,
Vol 18, 407-418.

40. Alsumidaie, M. (2024). Advancing Drug Development: FDA’s Take on
In Silico Trials. 7he Clinical Trial Vanguard.

41. Benwood, C. et al. (2021). Natural Biomaterials and Their Use as
Bioinks for Printing Tissues. Bioengineering, Vol 8, 27.

42. Creative Bioarray High-Throughput Screening. Creative Bioarray.

43. faCellitate The Superiority of Three-Dimensional over Two-
Dimensional Cell Culture in Tumor Research. faCellitate.

44, GeeksforGeeks (2025). Monoclonal Antibody. GeeksforGeeks.

28 5 January 2026


https://nc3rs.org.uk/sites/default/files/2021-09/Evaluating%20progress%20in%20the%203Rs-%20the%20NC3Rs%20framework.pdf
https://nc3rs.org.uk/sites/default/files/2021-09/Evaluating%20progress%20in%20the%203Rs-%20the%20NC3Rs%20framework.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf?utm_source=chatgpt.com%20
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf?utm_source=chatgpt.com%20
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf?utm_source=chatgpt.com%20
https://nc3rs.org.uk/who-we-are/3rs
https://nc3rs.org.uk/sites/default/files/2021-09/NC3Rs%20Research%20Review%202019.pdf
https://www.theguardian.com/science/2025/nov/30/why-we-have-to-continue-with-animal-testing-for-medical-research
https://www.theguardian.com/science/2025/nov/30/why-we-have-to-continue-with-animal-testing-for-medical-research
https://nc3rs.org.uk/who-we-are
https://nc3rs.org.uk/sites/default/files/2023-02/Rawle%20project%20report.pdf
https://nc3rs.org.uk/sites/default/files/2023-02/Rawle%20project%20report.pdf
https://assets.publishing.service.gov.uk/media/690e073c896fad804b050fa6/replacing_animals_in_science_strategy-web-version.pdf
https://assets.publishing.service.gov.uk/media/690e073c896fad804b050fa6/replacing_animals_in_science_strategy-web-version.pdf
https://assets.publishing.service.gov.uk/media/690e073c896fad804b050fa6/replacing_animals_in_science_strategy-web-version.pdf
https://journals.lww.com/jpbs/fulltext/2023/15040/a_review_on_alternative_methods_to_experimental.1.aspx
https://journals.lww.com/jpbs/fulltext/2023/15040/a_review_on_alternative_methods_to_experimental.1.aspx
https://journals.lww.com/jpbs/fulltext/2023/15040/a_review_on_alternative_methods_to_experimental.1.aspx
https://www.sciencedirect.com/science/article/pii/S0165614720302649
https://www.sciencedirect.com/science/article/pii/S0165614720302649
https://academic.oup.com/bib/article/20/5/1699/5032454
https://academic.oup.com/bib/article/20/5/1699/5032454
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.27729
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.27729
https://www.nature.com/articles/s41598-023-27416-7
https://www.nature.com/articles/s41598-023-27416-7
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.humanrelevantscience.org/wp-content/uploads/APPG-report-March-2022.pdf
https://www.humanrelevantscience.org/wp-content/uploads/APPG-report-March-2022.pdf
https://www.nature.com/articles/s41568-018-0007-6
https://www.clinicaltrialvanguard.com/conference-coverage/advancing-drug-development-fdas-take-on-in-silico-trials/
https://www.clinicaltrialvanguard.com/conference-coverage/advancing-drug-development-fdas-take-on-in-silico-trials/
https://www.mdpi.com/2306-5354/8/2/27
https://www.mdpi.com/2306-5354/8/2/27
https://cellassay.creative-bioarray.com/high-throughput-screening.htm
https://facellitate.com/the-superiority-of-three-dimensional-over-two-dimensional-cell-culture-in-tumor-research/
https://facellitate.com/the-superiority-of-three-dimensional-over-two-dimensional-cell-culture-in-tumor-research/
https://www.geeksforgeeks.org/biology/monoclonal-antibody/

Technology alternatives to animals in life sciences research, POSTnote 756

45. Liu, Y. et al. (2022). Application of Precision-Cut Lung Slices as an In
Vitro Model for Research of Inflammatory Respiratory Diseases.
Bioengineering, Vol 9, 767.

46. Shannon, J. et al. (2022). Human Skin Explant Preparation and
Culture. Bio-Protocol, Vol 12, 4514,

47. Zhao, Z. et al. (2022). Organoids. Nature Reviews Methods Primers,
Vol 2, 94.

48. Jain, A. K. et al. (2018). Models and Methods for In Vitro Toxicity. in
In Vitro Toxicology. 45-65. Elsevier.

49. Cerneckis, J. et al. (2024). Induced pluripotent stem cells (iPSCs):
molecular mechanisms of induction and applications. Signal Transduction
and Targeted Therapy, Vol 9, 112.

50. Bhaskaran, J. et al. (2024). Human stem cell-based embryo models.
Parliamentary Office of Science and Technology.

51. Uysal, O. et al. (2018). Cell and Tissue Culture. in Omics
Technologies and Bio-Engineering. 391-429. Elsevier.

52. Kapatczynska, M. et a/. (2016). 2D and 3D cell cultures — a
comparison of different types of cancer cell cultures. Archives of Medical
Science, Vol 14, 910-919.

53. Breslin, S. et al. (2013). Three-dimensional cell culture: the missing
link in drug discovery. Drug Discovery Today, Vol 18, 240-249.

54. Duval, K. et al. (2017). Modeling Physiological Events in 2D vs. 3D
Cell Culture. Physiology, Vol 32, 266-277.

55. Clevers, H. (2016). Modeling Development and Disease with
Organoids. Cell, Vol 165, 1586—-1597.

56. Kromann, E. H. et al. (2024). Organoids as a tool to study
homeostatic and pathological immune—epithelial interactions in the gut.
Clinical and Experimental Immunology, Vol 218, 28-39.

57. Huch, M. et al. (2017). The hope and the hype of organoid research.
Development, Vol 144, 938-941.

58. Huang, Y. et al. (2021). Research Progress, Challenges, and
Breakthroughs of Organoids as Disease Models. Frontiers in Cell and
Developmental Biology, Vol 9, Frontiers.

59. Li, X. et al. (2025). Organoids-on-Chips Technology: Unveiling New
Perspectives in Rare-Disease Research. International Journal of Molecular
Sciences, Vol 26, 4367. Multidisciplinary Digital Publishing Institute.

60. Bhatia, S. N. et al. (2014). Microfluidic organs-on-chips. Nature
Biotechnology, Vol 32, 760-772.

61. Zommiti, M. et al. (2022). Organs-on-Chips Platforms Are
Everywhere: A Zoom on Biomedical Investigation. Bioengineering, Vol 9,
646. Multidisciplinary Digital Publishing Institute.

62. Ryu, H. et al. (2015). Engineering a Blood Vessel Network Module for
Body-on-a-Chip Applications. SLAS Technology, Vol 20, 296-301.

63. Ingber, D. E. (2020). Is it Time for Reviewer 3 to Request Human
Organ Chip Experiments Instead of Animal Validation Studies? Advanced
Science, Vol 7, 2002030.

64. Farhang Doost, N. et al. (2024). A Comprehensive Review of Organ-
on-a-Chip Technology and Its Applications. Biosensors, Vol 14, 225.
Multidisciplinary Digital Publishing Institute.

65. Nishiga, M. et al. (2022). The use of new CRISPR tools in
cardiovascular research and medicine. Nature Reviews Cardiology, Vol 19,
505-521.

29 5 January 2026


https://www.mdpi.com/2306-5354/9/12/767
https://www.mdpi.com/2306-5354/9/12/767
https://bio-protocol.org/e4514
https://bio-protocol.org/e4514
https://www.nature.com/articles/s43586-022-00174-y
https://linkinghub.elsevier.com/retrieve/pii/B9780128046678000031
https://www.nature.com/articles/s41392-024-01809-0
https://www.nature.com/articles/s41392-024-01809-0
https://post.parliament.uk/research-briefings/post-pn-0716
https://linkinghub.elsevier.com/retrieve/pii/B9780128046593000178
https://www.termedia.pl/doi/10.5114/aoms.2016.63743
https://www.termedia.pl/doi/10.5114/aoms.2016.63743
https://linkinghub.elsevier.com/retrieve/pii/S1359644612003376
https://linkinghub.elsevier.com/retrieve/pii/S1359644612003376
https://www.physiology.org/doi/10.1152/physiol.00036.2016
https://www.physiology.org/doi/10.1152/physiol.00036.2016
https://linkinghub.elsevier.com/retrieve/pii/S0092867416307292
https://linkinghub.elsevier.com/retrieve/pii/S0092867416307292
https://academic.oup.com/cei/article/218/1/28/7637444
https://academic.oup.com/cei/article/218/1/28/7637444
https://doi.org/10.1242/dev.150201
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2021.740574/full
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2021.740574/full
https://www.mdpi.com/1422-0067/26/9/4367
https://www.mdpi.com/1422-0067/26/9/4367
https://www.nature.com/articles/nbt.2989
https://www.mdpi.com/2306-5354/9/11/646
https://www.mdpi.com/2306-5354/9/11/646
https://linkinghub.elsevier.com/retrieve/pii/S2472630322014741
https://linkinghub.elsevier.com/retrieve/pii/S2472630322014741
https://onlinelibrary.wiley.com/doi/abs/10.1002/advs.202002030
https://onlinelibrary.wiley.com/doi/abs/10.1002/advs.202002030
https://www.mdpi.com/2079-6374/14/5/225
https://www.mdpi.com/2079-6374/14/5/225
https://www.nature.com/articles/s41569-021-00669-3
https://www.nature.com/articles/s41569-021-00669-3

Technology alternatives to animals in life sciences research, POSTnote 756

66. Drakos, S. G. et al. (2023). Distinct Transcriptomic and Proteomic
Profile Specifies Patients Who Have Heart Failure with Potential of
Myocardial Recovery on Mechanical Unloading and Circulatory Support.
Circulation, Vol 147, 409-424.

67. Lindoso, R. S. et al. (2019). Proteomics in the World of Induced
Pluripotent Stem Cells. Cells, Vol 8, 703.

68. Alarcon-Barrera, J. C. et al. (2022). Recent advances in metabolomics
analysis for early drug development. Drug Discovery Today, Vol 27, 1763—
1773.

69. Wildey, M. 1. et al. (2017). High-Throughput Screening. in Annual
Reports in Medicinal Chemistry. Vol 50, 149-195. Elsevier.

70. ScienceDirect Topics Ex Vivo - an overview.

71.  Shannon, J. et al. (2022). Human Skin Explant Preparation and
Culture. Bio-Protocol, Vol 12, 4514,

72.  Powley, I. R. et al. (2020). Patient-derived explants (PDEs) as a
powerful preclinical platform for anti-cancer drug and biomarker
discovery. British Journal of Cancer, Vol 122, 735-744.

73.  Grivel, J.-C. et al. (2009). Use of human tissue explants to study
human infectious agents. Nature Protocols, Vol 4, 256—269.

74. Piwocka, O. et al. (2024). Empowering personalized medicine:
unleashing the potential of patient-derived explants in clinical practice.
Experimental and Clinical Sciences Journal, Vol 23, 81. IfADo - Leibniz
Research Centre for Working Environment and Human Factors, Dortmund.

75. Majorova, D. et al. (2021). Use of Precision-Cut Tissue Slices as a
Translational Model to Study Host-Pathogen Interaction. Frontiers in
Veterinary Science, Vol 8, 686088.

76.  Alsafadi, H. N. et a/. (2020). Applications and Approaches for Three-
Dimensional Precision-Cut Lung Slices. Disease Modeling and Drug
Discovery. American Journal of Respiratory Cell and Molecular Biology, Vol
62, 681-691.

77. Palma, E. et al. (2019). Precision-cut liver slices: a versatile tool to
advance liver research. Hepatology International, Vol 13, 51-57.

78. ScienceDirect Topics In Silico - an overview.

79. Fisher, J. et al. (2007). Executable cell biology. Nature Biotechnology,
Vol 25, 1239-1249.

80. Pisu, M. et al. (2022). Mathematical Modelling and Computational
Simulation of Mammalian Cell Cycle Progression in Batch Systems. EJBIO,
Vol 3, 1-10.

81.  Alridha, H. et al. (2022). Review of Mathematical Modelling
Techniques with Applications in Biosciences. Iraqgi Journal for Computer
Science and Mathematics, 135-144.

82. Rajagopal, S. et al. (2025). Advanced Computing Solutions for
Healthcare. Bentham Science Publishers.

83. Brione, P. et a/. (2024). Artificial intelligence: ethics, governance and
regulation. Parliamentary Office of Science and Technology.

84. Singh, S. et al. (2024). Advances in Atrtificial Intelligence (AI)-assisted
approaches in drug screening. Artificial Intelligence Chemistry, Vol 2,
100039.

85. Rudroff, T. (2024). Artificial Intelligence as a Replacement for Animal
Experiments in Neurology: Potential, Progress, and Challenges. Neurology
International, Vol 16, 805—820. Multidisciplinary Digital Publishing
Institute.

30 5 January 2026


https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056600
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056600
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056600
https://www.mdpi.com/2073-4409/8/7/703
https://www.mdpi.com/2073-4409/8/7/703
https://linkinghub.elsevier.com/retrieve/pii/S1359644622000769
https://linkinghub.elsevier.com/retrieve/pii/S1359644622000769
https://linkinghub.elsevier.com/retrieve/pii/S0065774317300076
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ex-vivo
https://bio-protocol.org/e4514
https://bio-protocol.org/e4514
https://www.nature.com/articles/s41416-019-0672-6
https://www.nature.com/articles/s41416-019-0672-6
https://www.nature.com/articles/s41416-019-0672-6
https://www.nature.com/articles/nprot.2008.245
https://www.nature.com/articles/nprot.2008.245
https://www.excli.de/index.php/excli/article/view/6700
https://www.excli.de/index.php/excli/article/view/6700
https://www.frontiersin.org/articles/10.3389/fvets.2021.686088/full
https://www.frontiersin.org/articles/10.3389/fvets.2021.686088/full
https://www.atsjournals.org/doi/10.1165/rcmb.2019-0276TR
https://www.atsjournals.org/doi/10.1165/rcmb.2019-0276TR
https://www.atsjournals.org/doi/10.1165/rcmb.2019-0276TR
http://link.springer.com/10.1007/s12072-018-9913-7
http://link.springer.com/10.1007/s12072-018-9913-7
https://www.sciencedirect.com/topics/medicine-and-dentistry/in-silico
https://www.nature.com/articles/nbt1356
https://ejbio.org/index.php/ejbio/article/view/315
https://ejbio.org/index.php/ejbio/article/view/315
https://ijcsm.researchcommons.org/ijcsm/vol3/iss1/15/
https://ijcsm.researchcommons.org/ijcsm/vol3/iss1/15/
https://www.eurekaselect.com/243177/volume/1
https://www.eurekaselect.com/243177/volume/1
https://post.parliament.uk/artificial-intelligence-ethics-governance-and-regulation
https://post.parliament.uk/artificial-intelligence-ethics-governance-and-regulation
https://linkinghub.elsevier.com/retrieve/pii/S2949747723000398
https://linkinghub.elsevier.com/retrieve/pii/S2949747723000398
https://www.mdpi.com/2035-8377/16/4/60
https://www.mdpi.com/2035-8377/16/4/60

Technology alternatives to animals in life sciences research, POSTnote 756

86. Zhang, A. et al. (2023). Leveraging physiology and artificial
intelligence to deliver advancements in health care. Physiological Reviews,
Vol 103, 2423-2450.

87. Gangwal, A. et al. (2024). Unleashing the power of generative Al in
drug discovery. Drug Discovery Today, Vol 29, 103992.

88. Broderick, C. et al. (2025). Digital twins - dynamic models that
respond to real-time data. Parliamentary Office of Science and
Technology.

89. Katsoulakis, E. et al. (2024). Digital twins for health: a scoping
review. NVPJ Digital Medicine, Vol 7, 77.

90. Qin, H. et al. (2024). From Virtual Cell Challenge to Virtual Organs:
Navigating the Deep Waters of Medical AI Models. /iCel,

91. Suresh Kumar, N. et a/. (2020). A review on biological and biomimetic
materials and their applications. Applied Physics A, Vol 126, 445.

92. European Commission. Joint Research Centre. (2020). EURL ECVAM
recommendation on non-animal-derived antibodies. Publications Office.

93. Gray, A. et al. (2020). Animal-free alternatives and the antibody
iceberg. Nature Biotechnology, Vol 38, 1234-1239. Nature Publishing
Group.

94. Bayley, H. et al. (2019). Synthetic tissues. Emerging Topics in Life
Sciences, Vol 3, 615-622.

95. Khan, A. R. et al. (2025). Advances in smart hybrid scaffolds: A
strateqgic approach for regenerative clinical applications. Engineered
Regeneration, Vol 6, 85-110.

96.  Abuwatfa, W. H. et al. (2024). Scaffold-based 3D cell culture models
in cancer research. Journal of Biomedical Science, Vol 31, 7.

97. Ebrahimzadeh, E. et al. (2022). Simultaneous
electroencephalography-functional magnetic resonance imaging for
assessment of human brain function. Frontiers in Systems Neuroscience,
Vol 16, 934266.

98. Kang, K. M. et al. (2023). Functional Magnetic Resonance Imaging
and Diffusion Tensor Imaging for Language Mapping in Brain Tumor
Surgery: Validation with Direct Cortical Stimulation and Cortico—Cortical
Evoked Potential. Korean Journal of Radiology, Vol 24, 553.

99. Marino, M. et al. (2024). Human brain imaging with high - density
electroencephalography: Techniques and applications. The Journal of
Physiology, 1P286639.

100. Warren, S. L. et al. (2023). Functional magnetic resonance imaging,
deep learning, and Alzheimer’s disease: A systematic review. Journal of
Neuroimaging, Vol 33, 5-18.

101. Freires, I. A. et al. (2017). Alternative Animal and Non-Animal Models
for Drug Discovery and Development: Bonus or Burden? Pharmaceutical
Research, Vol 34, 681-686.

102. Giansanti, M. G. et al. (2025). Drosophila melanogaster: How and
Why It Became a Model Organism. International Journal of Molecular
Sciences, Vol 26, 7485.

103. Hunt, P. R. (2017). The C. elegans model in toxicity testing. J of
Applied Toxicology, Vol 37, 50-59.

104. Ioan, S. et al. (2024). Application of the Drosophila melanogaster
Research Model to Evaluate the Toxicity Levels between Lead and Copper.
Applied Sciences, Vol 14, 4190.

31 5 January 2026


https://journals.physiology.org/doi/10.1152/physrev.00033.2022
https://journals.physiology.org/doi/10.1152/physrev.00033.2022
https://linkinghub.elsevier.com/retrieve/pii/S135964462400117X
https://linkinghub.elsevier.com/retrieve/pii/S135964462400117X
https://post.parliament.uk/digital-twins-dynamic-models-that-respond-to-real-time-data
https://post.parliament.uk/digital-twins-dynamic-models-that-respond-to-real-time-data
https://www.nature.com/articles/s41746-024-01073-0
https://www.nature.com/articles/s41746-024-01073-0
https://www.icelljournal.com/index.php/iCell/article/view/22/30
https://www.icelljournal.com/index.php/iCell/article/view/22/30
https://link.springer.com/10.1007/s00339-020-03633-z
https://link.springer.com/10.1007/s00339-020-03633-z
https://data.europa.eu/doi/10.2760/80554
https://data.europa.eu/doi/10.2760/80554
https://www.nature.com/articles/s41587-020-0687-9
https://www.nature.com/articles/s41587-020-0687-9
https://portlandpress.com/emergtoplifesci/article/3/5/615/220868/Synthetic-tissues
https://linkinghub.elsevier.com/retrieve/pii/S2666138125000039
https://linkinghub.elsevier.com/retrieve/pii/S2666138125000039
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-024-00994-y
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-024-00994-y
https://www.frontiersin.org/articles/10.3389/fnsys.2022.934266/full
https://www.frontiersin.org/articles/10.3389/fnsys.2022.934266/full
https://www.frontiersin.org/articles/10.3389/fnsys.2022.934266/full
https://kjronline.org/DOIx.php?id=10.3348/kjr.2022.1001%20
https://kjronline.org/DOIx.php?id=10.3348/kjr.2022.1001%20
https://kjronline.org/DOIx.php?id=10.3348/kjr.2022.1001%20
https://kjronline.org/DOIx.php?id=10.3348/kjr.2022.1001%20
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP286639
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP286639
https://onlinelibrary.wiley.com/doi/10.1111/jon.13063
https://onlinelibrary.wiley.com/doi/10.1111/jon.13063
http://link.springer.com/10.1007/s11095-016-2069-z
http://link.springer.com/10.1007/s11095-016-2069-z
https://www.mdpi.com/1422-0067/26/15/7485
https://www.mdpi.com/1422-0067/26/15/7485
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/jat.3357
https://www.mdpi.com/2076-3417/14/10/4190
https://www.mdpi.com/2076-3417/14/10/4190

Technology alternatives to animals in life sciences research, POSTnote 756

105. Johari, S. A. et al. (2019). Introducing a new standardized
nanomaterial environmental toxicity screening testing procedure, ISO/TS
20787: aquatic toxicity assessment of manufactured nanomaterials in
saltwater Lakes using Artemia sp. nauplii. 7oxicology Mechanisms and
Methods, Vol 29, 95-109.

106. Kim, H. et al. (2015). Ecotoxicogenomic Approaches for
Understanding Molecular Mechanisms of Environmental Chemical Toxicity
Using Aquatic Invertebrate, Daphnia Model Organism. IJMS, Vol 16,
12261-12287.

107. Markaki, M. et al. (2020). Caenorhabditis elegans as a model system
for human diseases. Current Opinion in Biotechnology, Vol 63, 118-125.

108. Queirds, L. et al, (2019). Caenorhabditis elegans as a tool for
environmental risk assessment: emerging and promising applications for a
“nobelized worm”. Critical Reviews in Toxicology, Vol 49, 411-429.

109. Ribatti, D. (2016). The chick embryo chorioallantoic membrane
(CAM). A multifaceted experimental model. Mechanisms of Development,
Vol 141, 70-77.

110. Cassar, S. et al. (2020). Use of Zebrafish in Drug Discovery
Toxicology. Chemical Research in Toxicology, Vol 33, 95-118.

111. Walker, M. C. et al. (2013). The search for better epilepsy
treatments: from slime mould to coconuts. Biochemical Society
Transactions, Vol 41, 1625—-1628.

112. Zhao, K. et al. (2025). The biological macromolecules constructed
Matrigel for cultured organoids in biomedical and tissue engineering.
Colloids and Surfaces B: Biointerfaces, Vol 247, 114435.

113. Gstraunthaler, G. (2003). Alternatives to the use of fetal bovine
serum: Serum-free cell culture. Alternatives to Animal Experimentation,
257-281.

114. Dodda, J. M. et al. (2023). Multicomponent Hydrogels: Smart
Materials for Biomedical Applications. The Royal Society of Chemistry.

115. An, B. et al. (2014). Engineered recombinant bacterial collagen as an
alternative collagen-based biomaterial for tissue engineering. Frontiers in
Chemistry, Vol 2, 40.

116. Gershlak, J. R. et al. (2017). Crossing kingdoms: Using decellularized
plants as perfusable tissue engineering scaffolds. Biomaterials, Vol 125,
13-22.

117. Narayanan, K. B. et al. (2020). Novel biomimetic chitin-glucan
polysaccharide nano/microfibrous fungal-scaffolds for tissue engineering
applications. International Journal of Biological Macromolecules, Vol 149,
724-731.

118. Zhu, J. (2010). Bioactive modification of poly (ethylene glycol)
hydrogels for tissue engineering. Biomaterials, Vol 31, 4639-4656.

119. Fenwick, N. et al. (2011). Survey of Canadian Animal-Based
Researchers’ Views on the Three Rs: Replacement, Reduction and
Refinement. PLoS ONE, Vol 6, e22478.

120. Hargrove-Grimes, P. et al. (2022). Microphysiological Systems:
Stakeholder Challenges to Adoption in Drug Development. Cells Tissues
Organs, Vol 211, 269-281.

121. Cavoski, A. et al. (2025). Balancing chemical safety and animal
welfare considerations in the application of new approach methodologies
for chemical safety assessment. NAM Journal, Vol 1, 100013.

32 5 January 2026


https://www.tandfonline.com/doi/full/10.1080/15376516.2018.1512695
https://www.tandfonline.com/doi/full/10.1080/15376516.2018.1512695
https://www.tandfonline.com/doi/full/10.1080/15376516.2018.1512695
https://www.tandfonline.com/doi/full/10.1080/15376516.2018.1512695
https://www.mdpi.com/1422-0067/16/6/12261
https://www.mdpi.com/1422-0067/16/6/12261
https://www.mdpi.com/1422-0067/16/6/12261
https://linkinghub.elsevier.com/retrieve/pii/S0958166919301491
https://linkinghub.elsevier.com/retrieve/pii/S0958166919301491
https://www.tandfonline.com/doi/full/10.1080/10408444.2019.1626801
https://www.tandfonline.com/doi/full/10.1080/10408444.2019.1626801
https://www.tandfonline.com/doi/full/10.1080/10408444.2019.1626801
https://linkinghub.elsevier.com/retrieve/pii/S0925477316300363
https://linkinghub.elsevier.com/retrieve/pii/S0925477316300363
https://pubs.acs.org/doi/10.1021/acs.chemrestox.9b00335
https://pubs.acs.org/doi/10.1021/acs.chemrestox.9b00335
https://portlandpress.com/biochemsoctrans/article/41/6/1625/68004/The-search-for-better-epilepsy-treatments-from
https://portlandpress.com/biochemsoctrans/article/41/6/1625/68004/The-search-for-better-epilepsy-treatments-from
https://linkinghub.elsevier.com/retrieve/pii/S0927776524006945
https://linkinghub.elsevier.com/retrieve/pii/S0927776524006945
https://www.altex.org/index.php/altex/article/view/1012
https://www.altex.org/index.php/altex/article/view/1012
https://books.rsc.org/books/book/2091/Multicomponent-HydrogelsSmart-Materials-for
https://books.rsc.org/books/book/2091/Multicomponent-HydrogelsSmart-Materials-for
http://journal.frontiersin.org/article/10.3389/fchem.2014.00040/abstract
http://journal.frontiersin.org/article/10.3389/fchem.2014.00040/abstract
https://linkinghub.elsevier.com/retrieve/pii/S0142961217300856
https://linkinghub.elsevier.com/retrieve/pii/S0142961217300856
https://linkinghub.elsevier.com/retrieve/pii/S0141813019399647
https://linkinghub.elsevier.com/retrieve/pii/S0141813019399647
https://linkinghub.elsevier.com/retrieve/pii/S0141813019399647
https://linkinghub.elsevier.com/retrieve/pii/S0142961210002899
https://linkinghub.elsevier.com/retrieve/pii/S0142961210002899
https://dx.plos.org/10.1371/journal.pone.0022478
https://dx.plos.org/10.1371/journal.pone.0022478
https://dx.plos.org/10.1371/journal.pone.0022478
https://karger.com/article/doi/10.1159/000517422
https://karger.com/article/doi/10.1159/000517422
https://linkinghub.elsevier.com/retrieve/pii/S3050620425000089
https://linkinghub.elsevier.com/retrieve/pii/S3050620425000089
https://linkinghub.elsevier.com/retrieve/pii/S3050620425000089

Technology alternatives to animals in life sciences research, POSTnote 756

122. Science Media Centre (2025). Expert reaction to government strategy
on animal testing and new alternative methods.

123. European Chemicals Agency. (2023). Report on the European
Chemicals Agency’s “New approach methodologies workshop: towards an
animal free regulatory system for industrial chemicals” (31 May — 1 June
2023, Helsinki, Finland). Publications Office.

124. Ritskes-Hoitinga, M. (2022). Medical regulators: look beyond animal
tests. Nature, Vol 604, 599-599.

125. Odening, K. E. et a/. (2021). ESC working group on cardiac cellular
electrophysiology position paper: relevance, opportunities, and limitations
of experimental models for cardiac electrophysiology research. £P
Europace, Vol 23, 1795-1814.

126. Jost, N. et al. (2013). Ionic mechanisms limiting cardiac repolarization
reserve in humans compared to dogs. 7he Journal of Physiology, Vol 591,
4189-4206.

127. Tan, S. et al. (2024). Cell-cell interactions in the heart: advanced
cardiac models and omics technologies. Stem Cell Research & Therapy,
Vol 15, 362.

128. Beeton, C. (2018). Differences in ion channel phenotype and function
between humans and animal models. Frontiers in Bioscience, Vol 23, 43—
64.

129. Shaikh, S. et al. (2025). Brain organoid model systems of
neurodegenerative diseases: recent progress and future prospects.
Frontiers in Neuroscience, Vol 19, 1604435.

130. Matsui, T. et al. (2017). RB controls growth, survival, and neuronal
migration in human cerebral organoids. Development, Vol 144, 1025
1034.

131. Bombieri, C. et al. (2024). Advanced Cellular Models for Rare Disease
Study: Exploring Neural, Muscle and Skeletal Organoids. International
Journal of Molecular Sciences, Vol 25, 1014.

132.  Zhu, Y. et al. (2025). Organoids in Genetic Disorders: from Disease
Modeling to Translational Applications. Stem Cell Reviews and Reports, Vol
21, 2578-2596.

133. Romero-Morales, A. 1. et al. (2022). Human iPSC-derived cerebral
organoids model features of Leigh syndrome and reveal abnormal
corticogenesis. Development, Vol 149, dev199914.

134. Ewart, L. et al. (2022). Performance assessment and economic
analysis of a human Liver-Chip for predictive toxicology. Communications
Medicine, Vol 2, 154.

135. Fas, L. et al. (2025). Physiological liver microtissue 384-well
microplate system for preclinical hepatotoxicity assessment of therapeutic
small molecule drugs. 7oxicological Sciences, Vol 203, 79-87.

136. Si, L. et al. (2021). A human-airway-on-a-chip for the rapid
identification of candidate antiviral therapeutics and prophylactics. Nature
Biomedical Engineering, Vol 5, 815—-829.

137.  Huh, D. et al. (2010). Reconstituting Organ-Level Lung Functions on
a Chip. Science, Vol 328, 1662—-1668.

138. Hammel, J. H. et al. (2021). Modeling Immunity In Vitro: Slices,
Chips, and Engineered Tissues. Annual Review of Biomedical Engineering,
Vol 23, 461-491.

33 5 January 2026


https://www.sciencemediacentre.org/expert-reaction-to-government-strategy-on-animal-testing-and-new-alternative-methods/
https://www.sciencemediacentre.org/expert-reaction-to-government-strategy-on-animal-testing-and-new-alternative-methods/
https://data.europa.eu/doi/10.2823/7494
https://data.europa.eu/doi/10.2823/7494
https://data.europa.eu/doi/10.2823/7494
https://data.europa.eu/doi/10.2823/7494
https://www.nature.com/articles/d41586-022-01110-6
https://www.nature.com/articles/d41586-022-01110-6
https://academic.oup.com/europace/article/23/11/1795/6328857
https://academic.oup.com/europace/article/23/11/1795/6328857
https://academic.oup.com/europace/article/23/11/1795/6328857
https://physoc.onlinelibrary.wiley.com/doi/10.1113/jphysiol.2013.261198
https://physoc.onlinelibrary.wiley.com/doi/10.1113/jphysiol.2013.261198
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-024-03982-z
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-024-03982-z
https://imrpress.com/journal/FBL/23/1/10.2741/4581
https://imrpress.com/journal/FBL/23/1/10.2741/4581
https://www.frontiersin.org/articles/10.3389/fnins.2025.1604435/full
https://www.frontiersin.org/articles/10.3389/fnins.2025.1604435/full
https://journals.biologists.com/dev/article/doi/10.1242/dev.143636/264255/RB-controls-growth-survival-and-neuronal-migration
https://journals.biologists.com/dev/article/doi/10.1242/dev.143636/264255/RB-controls-growth-survival-and-neuronal-migration
https://www.mdpi.com/1422-0067/25/2/1014
https://www.mdpi.com/1422-0067/25/2/1014
https://link.springer.com/10.1007/s12015-025-10973-x
https://link.springer.com/10.1007/s12015-025-10973-x
https://journals.biologists.com/dev/article/149/20/dev199914/275911/Human-iPSC-derived-cerebral-organoids-model
https://journals.biologists.com/dev/article/149/20/dev199914/275911/Human-iPSC-derived-cerebral-organoids-model
https://journals.biologists.com/dev/article/149/20/dev199914/275911/Human-iPSC-derived-cerebral-organoids-model
https://www.nature.com/articles/s43856-022-00209-1
https://www.nature.com/articles/s43856-022-00209-1
https://academic.oup.com/toxsci/article/203/1/79/7819243
https://academic.oup.com/toxsci/article/203/1/79/7819243
https://academic.oup.com/toxsci/article/203/1/79/7819243
https://www.nature.com/articles/s41551-021-00718-9
https://www.nature.com/articles/s41551-021-00718-9
https://www.science.org/doi/10.1126/science.1188302
https://www.science.org/doi/10.1126/science.1188302
https://www.annualreviews.org/doi/10.1146/annurev-bioeng-082420-124920
https://www.annualreviews.org/doi/10.1146/annurev-bioeng-082420-124920

Technology alternatives to animals in life sciences research, POSTnote 756

139. Lee, C.-]. et al. (2025). Advanced Animal Replacement Testing
Strategies Using Stem Cell and Organoids. International Journal of Stem
Cells, Vol 18, 107-125.

140. Sanchez, M. M. et al. (2022). Organotypic cultures as aging
associated disease models. Aging, Vol 14, 9338-9383.

141. Yip, S. et al. (2023). Give them vasculature and immune cells — how
to fill the gap of organoids. Cells Tissues Organs, Vol 212,

142. Zhang, S. et al. (2021). Vascularized organoids on a chip: strategies
for engineering organoids with functional vasculature. Lab Chip, Vol 21,
473-488.

143. Zhao, X. et al. (2021). Review on the Vascularization of Organoids
and Organoids-on-a-Chip. Frontiers in Bioengineering and Biotechnology,
Vol 9, 637048.

144. Cong, Y. et al. (2020). Drug Toxicity Evaluation Based on Organ-on-
a-chip Technology: A Review. Micromachines, Vol 11, 381.

145. Menon, R. et al. (2023). Review on new approach methods to gain
insight into the feto-maternal interface physiology. Frontiers in Medicine,
Vol 10, 1304002.

146. Truong, N. et al. (2025). Modeling reproductive and pregnancy-
associated tissues using organ-on-chip platforms: challenges, limitations,
and the high throughput data frontier. Frontiers in Bioengineering and
Biotechnology, Vol 13, 1568389.

147. Nikolakopoulou, K. et al. (2021). Investigation of infertility using
endometrial organoids. Reproduction, Vol 161, R113-R127.

148. Roesler, R. (2002). No alternative to animal tests for behaviour.
Nature, Vol 419, 337-337.

149. Imberechts, D. et al. (2025). Established and emerging new approach
methodologies in neuroscience. Frontiers in Neuroscience, Vol 19,
1696937.

150. Aztekin, C. et al. (2022). To regenerate or not to regenerate:
Vertebrate model organisms of regeneration - competency and -
incompetency. Wound Repair Regeneration, Vol 30, 623-635.

151.  Gruber, F. (2004). Alternatives to animal experimentation in basic
research. Alternatives to Animal Experimentation, Vol 21, 3-31.

152. OECD (2005). Guidance Document on the Validation and
International Acceptance of New or Updated Test Methods for Hazard
Assessment. OECD.

153. OECD (2024). Guidance Document on Integrated Approaches to
Testing and Assessment (IATA) for Serious Eye Damage and Eye
Irritation, Third Edition. OECD Publishing.

154. Carmichael, P. (2022). Ready for requlatory use: NAMs and NGRA for
chemical safety assurance. Alternatives to Animal Experimentation, Vol 39,
359-366.

155. Chang, M. C. J. et al. (2024). The continued importance of animals in
biomedical research. Lab Animal, Vol 53, 295-297.

156. Innovative Health Initiative (n.d.). VICT3R: Developing and
implementing virtual control groups to reduce animal use in toxicology
research. Innovative Health Initiative.

157. Golden, E. et al. (2023). Toward implementing virtual control groups
in nonclinical safety studies. Alternatives to Animal Experimentation, Vol
41, 282-301.

34 5 January 2026


http://www.ijstemcell.com/journal/view.html?doi=10.15283/ijsc24118%20
http://www.ijstemcell.com/journal/view.html?doi=10.15283/ijsc24118%20
https://www.aging-us.com/lookup/doi/10.18632/aging.204361
https://www.aging-us.com/lookup/doi/10.18632/aging.204361
https://karger.com/article/doi/10.1159/000529431
https://karger.com/article/doi/10.1159/000529431
https://xlink.rsc.org/?DOI=D0LC01186J%20
https://xlink.rsc.org/?DOI=D0LC01186J%20
https://www.frontiersin.org/articles/10.3389/fbioe.2021.637048/full
https://www.frontiersin.org/articles/10.3389/fbioe.2021.637048/full
https://www.mdpi.com/2072-666X/11/4/381
https://www.mdpi.com/2072-666X/11/4/381
https://www.frontiersin.org/articles/10.3389/fmed.2023.1304002/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1304002/full
https://www.frontiersin.org/articles/10.3389/fbioe.2025.1568389/full
https://www.frontiersin.org/articles/10.3389/fbioe.2025.1568389/full
https://www.frontiersin.org/articles/10.3389/fbioe.2025.1568389/full
https://rep.bioscientifica.com/view/journals/rep/161/5/REP-20-0428.xml
https://rep.bioscientifica.com/view/journals/rep/161/5/REP-20-0428.xml
https://www.nature.com/articles/419337b
https://www.frontiersin.org/articles/10.3389/fnins.2025.1696937/full
https://www.frontiersin.org/articles/10.3389/fnins.2025.1696937/full
https://onlinelibrary.wiley.com/doi/10.1111/wrr.13000
https://onlinelibrary.wiley.com/doi/10.1111/wrr.13000
https://onlinelibrary.wiley.com/doi/10.1111/wrr.13000
https://www.altex.org/index.php/altex/article/view/2182
https://www.altex.org/index.php/altex/article/view/2182
https://www.oecd.org/en/publications/guidance-document-on-the-validation-and-international-acceptance-of-new-or-updated-test-methods-for-hazard-assessment_e1f1244b-en.html
https://www.oecd.org/en/publications/guidance-document-on-the-validation-and-international-acceptance-of-new-or-updated-test-methods-for-hazard-assessment_e1f1244b-en.html
https://www.oecd.org/en/publications/guidance-document-on-the-validation-and-international-acceptance-of-new-or-updated-test-methods-for-hazard-assessment_e1f1244b-en.html
https://www.oecd.org/en/publications/guidance-document-on-integrated-approaches-to-testing-and-assessment-iata-for-serious-eye-damage-and-eye-irritation-third-edition_cdb440be-en.html
https://www.oecd.org/en/publications/guidance-document-on-integrated-approaches-to-testing-and-assessment-iata-for-serious-eye-damage-and-eye-irritation-third-edition_cdb440be-en.html
https://www.oecd.org/en/publications/guidance-document-on-integrated-approaches-to-testing-and-assessment-iata-for-serious-eye-damage-and-eye-irritation-third-edition_cdb440be-en.html
https://www.altex.org/index.php/altex/article/view/2472
https://www.altex.org/index.php/altex/article/view/2472
https://www.nature.com/articles/s41684-024-01458-4
https://www.nature.com/articles/s41684-024-01458-4
https://www.ihi.europa.eu/projects-results/project-factsheets/vict3r
https://www.ihi.europa.eu/projects-results/project-factsheets/vict3r
https://www.ihi.europa.eu/projects-results/project-factsheets/vict3r
https://www.altex.org/index.php/altex/article/view/2713/version/2775
https://www.altex.org/index.php/altex/article/view/2713/version/2775

Technology alternatives to animals in life sciences research, POSTnote 756

158. OECD (2021). Guidance document on the characterisation, validation
and reporting of Physiologically Based Kinetic (PBK) models for regulatory
purposes. OECD.

159. Kuepfer, L. et al. (2016). Applied Concepts in PBPK Modeling: How to
Build a PBPK/PD Model. CPT: Pharmacometrics & Systems Pharmacology,
Vol 5, 516-531.

160. Ke, A. et al. (2016). Towards a Best Practice Approach in PBPK
Modeling: Case Example of Developing a Unified Efavirenz Model
Accounting for Induction of CYPs 3A4 and 2B6. CPT: Pharmacometrics &
Systems Pharmacology, Vol 5, 367-376.

161. Chang, X. et al. (2022). IVIVE: Facilitating the Use of In Vitro Toxicity
Data in Risk Assessment and Decision Making. 7oxics, Vol 10, 232.

162. Lancheros Porras, K. D. et al. (2024). PBPK Modeling as an
Alternative Method of Interspecies Extrapolationthat Reduces the Use of
Animals: A Systematic Review. Current Medicinal Chemistry, Vol 31, 102—
126.

163. European Federation of Pharmaceutical Industries and Associations
(2025). EFPIA Recommendations on Phasing Out Animal Testing for
Chemical Safety Assessments.

164. Panteghini, M. et al. (2005). Standardization in laboratory medicine:
New challenges. Clinica Chimica Acta, Vol 355, 1-12.

165. European Commission. Directorate General for Research and
Innovation. et al. (2022). Scoping study for supporting the development
of a code of practice for researchers on standardisation: final report.
Publications Office.

166. Schechtman, L. M. (2002). Implementation of the 3Rs (Refinement,
Reduction, and Replacement): Validation and Regulatory Acceptance
Considerations for Alternative Toxicological Test Methods. ILAR Journal,
Vol 43, S85-594.

167. Hartung, T. (2024). The validation of reqgulatory test methods —
Conceptual, ethical, and philosophical foundations. Alternatives to Animal
Experimentation, Vol 41, 525-544.

168. Hoffmann, S. et al. (2017). A primer on systematic reviews in
toxicology. Archives of Toxicology, Vol 91, 2551-2575.

169. Ritskes-Hoitinga, M. et al. (2022). The Promises of Speeding Up:
Changes in Requirements for Animal Studies and Alternatives during
COVID-19 Vaccine Approval-A Case Study. Animals, Vol 12, 1735.

170. Wright, Y. Recommendations for the Adoption of New Approach
Methodologies (NAMs) in UK Chemical Regulation.

171. European Commission. Joint Research Centre. (2024). Non-animal
methods in science and regulation: EURL ECVAM status report 2023.
Publications Office.

172. Freires, I. A. et al. (2023). Progress and promise of alternative animal
and non-animal methods in biomedical research. Archives of Toxicology,
Vol 97, 2329-2342.

173. Berggren, E. et al. (2017). Ab initio chemical safety assessment: A
workflow based on exposure considerations and non-animal methods.
Computational Toxicology, Vol 4, 31-44.

174. Sewell, F. et al. (2024). New approach methodologies (NAMs):
identifying and overcoming hurdles to accelerated adoption. 7oxicology
Research, Vol 13, 1-9.

35 5 January 2026


https://www.oecd.org/en/publications/guidance-document-on-the-characterisation-validation-and-reporting-of-physiologically-based-kinetic-pbk-models-for-regulatory-purposes_d0de241f-en.html
https://www.oecd.org/en/publications/guidance-document-on-the-characterisation-validation-and-reporting-of-physiologically-based-kinetic-pbk-models-for-regulatory-purposes_d0de241f-en.html
https://www.oecd.org/en/publications/guidance-document-on-the-characterisation-validation-and-reporting-of-physiologically-based-kinetic-pbk-models-for-regulatory-purposes_d0de241f-en.html
https://onlinelibrary.wiley.com/doi/10.1002/psp4.12134
https://onlinelibrary.wiley.com/doi/10.1002/psp4.12134
https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12088
https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12088
https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12088
https://www.mdpi.com/2305-6304/10/5/232
https://www.mdpi.com/2305-6304/10/5/232
https://www.eurekaselect.com/215562/article
https://www.eurekaselect.com/215562/article
https://www.eurekaselect.com/215562/article
https://efpia.eu/media/meef32ki/efpia-recommendations-on-phasing-out-animal-testing-for-chemical-safety-assessments.pdf
https://efpia.eu/media/meef32ki/efpia-recommendations-on-phasing-out-animal-testing-for-chemical-safety-assessments.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0009898105000033
https://linkinghub.elsevier.com/retrieve/pii/S0009898105000033
https://data.europa.eu/doi/10.2777/567608
https://data.europa.eu/doi/10.2777/567608
https://academic.oup.com/ilarjournal/article/757096/Implementation
https://academic.oup.com/ilarjournal/article/757096/Implementation
https://academic.oup.com/ilarjournal/article/757096/Implementation
https://www.altex.org/index.php/altex/article/view/2860
https://www.altex.org/index.php/altex/article/view/2860
http://link.springer.com/10.1007/s00204-017-1980-3
http://link.springer.com/10.1007/s00204-017-1980-3
https://www.mdpi.com/2076-2615/12/13/1735
https://www.mdpi.com/2076-2615/12/13/1735
https://www.mdpi.com/2076-2615/12/13/1735
https://data.europa.eu/doi/10.2760/44273
https://data.europa.eu/doi/10.2760/44273
https://link.springer.com/10.1007/s00204-023-03532-1
https://link.springer.com/10.1007/s00204-023-03532-1
https://linkinghub.elsevier.com/retrieve/pii/S2468111317300464
https://linkinghub.elsevier.com/retrieve/pii/S2468111317300464
https://academic.oup.com/toxres/article/doi/10.1093/toxres/tfae044/7634804
https://academic.oup.com/toxres/article/doi/10.1093/toxres/tfae044/7634804

Technology alternatives to animals in life sciences research, POSTnote 756

175. Sewell, F. et al. (2025). Incorporating new approach methodologies
in the development of new medicines. National Centre for the
Replacement, Refinement and Reduction of Animals in Research.

176. National Toxicology Program (2025). About ICCVAM. National
Toxicology Program.

177. International Coalition of Medicines Regulatory Authorities (ICMRA)
(n.d.). International Coalition of Medicines Regulatory Authorities

ICMRA).

178. UK Parliament (2012). Human Medicines Regulation Act. 1916.

179. European Parliament and the Council of the European Union (2006).
Regulation (EC) No 1907/2006 concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH).

180. UK REACH (n.d.). Scope - UK REACH Scope of UK REACH Scope of
UK REACH. UK REACH.

181. Home Office (2025). Personal communication (POST research
interview).

182. Bharatha, A. (2025). The Drug Discovery and Development Process.

183. Innovate UK (2015). A non-animal technologies roadmap for the UK:
Advancing predictive biology.

184. Ram, R. (2024). The UK as a leader in new approach methods for
safety science; an evidence-based proposal using the cosmetic testing
bans as a legislative framework. LUSH UK.

185. The Organisation of Economic Cooperation and Development (OECD)
(n.d.). OECD Members and Partners.

186. The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) (n.d.). ICH
Guidelines.

187. The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) (n.d.). ICH
Members & Observers.

188. GOV.UK (n.d.). Medicines & Healthcare products Regulatory Agency.

189. International Cooperation on Harmonisation of Technical
Requirements for Registration of Veterinary Medicinal Products (VICH)
(n.d.). VICH Guidelines.

190. International Cooperation on Harmonisation of Technical
Requirements for Registration of Veterinary Medicinal Products (VICH)
(n.d.). VICH Structure.

191. GOV.UK (n.d.). Veterinary Medicines Directorate.

192. Health and Safety Executive (n.d.). UK registration, evaluation,
authorisation and restriction of chemicals (REACH).

193. World Health Organisation (n.d.). WHO Guidelines for Biologics.

194. ISO (2025). ISO - International Organization for Standardization. ZSO.

195. ISO (2021). British Standards Institution (BSI). ZSO.

196. The Cosmetic Toiletry and Perfumery Association Limited (2021). UK
cosmetics industry is ready to meet the requirements for animal testing
exemptions in China.

197. European Medicines Agency (n.d.). Regulatory acceptance of new
approach methodologies (NAMs) to reduce animal use testing. European
Medicines Agency.

198. United States Congress (2022). FDA Modernization Act 2.0.

199. OECD (2025). Guideline No. 497: Defined Approaches on Skin
Sensitisation. OECD Publishing.

T

T

36 5 January 2026


https://nc3rs.org.uk/sites/default/files/2025-09/Incorporating%20new%20approach%20methodologies%20in%20the%20development%20of%20new%20medicines.pdf
https://nc3rs.org.uk/sites/default/files/2025-09/Incorporating%20new%20approach%20methodologies%20in%20the%20development%20of%20new%20medicines.pdf
https://ntp.niehs.nih.gov/whatwestudy/niceatm/iccvam
https://icmra.info/drupal/en/home
https://icmra.info/drupal/en/home
https://www.legislation.gov.uk/uksi/2012/1916/contents
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006R1907%20
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006R1907%20
https://ukreach.org/scope/
https://ukreach.org/scope/
https://biorender.com/cdaxmff
https://www.ukri.org/wp-content/uploads/2015/11/IUK-071221-RoadmapNonAnimalTech.pdf
https://www.ukri.org/wp-content/uploads/2015/11/IUK-071221-RoadmapNonAnimalTech.pdf
https://lushprize.org/wp-content/uploads/LP-NAM-report-2024.pdf
https://lushprize.org/wp-content/uploads/LP-NAM-report-2024.pdf
https://lushprize.org/wp-content/uploads/LP-NAM-report-2024.pdf
https://www.oecd.org/en/about/members-partners.html
https://www.ich.org/page/ich-guidelines
https://www.ich.org/page/ich-guidelines
https://www.ich.org/page/members-observers
https://www.ich.org/page/members-observers
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatory-agency
https://vichsec.org/guidelines/all/
https://vichsec.org/about/vich-structure/
https://www.gov.uk/government/organisations/veterinary-medicines-directorate
https://www.hse.gov.uk/reach/
https://www.hse.gov.uk/reach/
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/norms-and-standards/guidelines-for-biologicals
https://www.iso.org/home.html
https://www.iso.org/member/2064.html
https://britishbeautycouncil.com/wp-content/uploads/2022/11/FINAL-DRAFT-CTPA-Press-Release-UK-GMP-Certifications-and-animal-testing-exemption-in-China.pdf
https://britishbeautycouncil.com/wp-content/uploads/2022/11/FINAL-DRAFT-CTPA-Press-Release-UK-GMP-Certifications-and-animal-testing-exemption-in-China.pdf
https://britishbeautycouncil.com/wp-content/uploads/2022/11/FINAL-DRAFT-CTPA-Press-Release-UK-GMP-Certifications-and-animal-testing-exemption-in-China.pdf
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/ethical-use-animals-medicine-testing/regulatory-acceptance-new-approach-methodologies-nams-reduce-animal-use-testing
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/ethical-use-animals-medicine-testing/regulatory-acceptance-new-approach-methodologies-nams-reduce-animal-use-testing
https://www.congress.gov/bill/117th-congress/senate-bill/5002
https://www.oecd.org/en/publications/guideline-no-497-defined-approaches-on-skin-sensitisation_b92879a4-en.html
https://www.oecd.org/en/publications/guideline-no-497-defined-approaches-on-skin-sensitisation_b92879a4-en.html

Technology alternatives to animals in life sciences research, POSTnote 756

200. OECD (2025). Test No. 442C: In Chemico Skin Sensitisation: Direct
Peptide Reactivity Assay (DPRA). OECD Publishing.

201. OECD (2024). Test No. 442D: In Vitro Skin Sensitisation: ARE-Nrf2
Luciferase Test Method. OECD.

202. OECD (2024). Test No. 442E: In Vitro Skin Sensitisation: In Vitro Skin
Sensitisation assays addressing the Key Event on activation of dendritic
cells on the Adverse Outcome Pathway for Skin Sensitisation. OECD.

203. NICE (2025). National Institute for Health and Care Excellence.

204. National Institute for Health and Care Excellence (2025). 7ebentafusp
for treating advanced uveal melanoma.

205. UK Research and Innovation (2025). Explainer: how UKRI supports
government. UK Research and Innovation.

206. UK Research and Innovation (2024). Replacement, refinement and
reduction in research using animals.

207. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (n.d.). Research and innovation funding schemes.

208. European Commission (n.d.). Horizon Europe.

209. Association of Medical Research Charities (2024). Guidance on
implementing the 3Rs when funding research. Association of Medical
Research Charities.

210. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (2019). CRACK IT Review.

211. National Centre for the Replacement, Refinement and Reduction of
Animals in Research (2025). Improving translation and minimising animal
use with human relevant in vitro preclinical models.

212. UK Government (2025). Animal testing to be phased out faster as UK
unveils roadmap for alternative methods. GOV. UK.

213.  Wellcome (n.d.). About us.

214. UK Research and Innovation (2025). Ambitious new UK project to
transform human disease modelling.

215. The 3Rs Collaborative (2025). Public Comment - 3Rs Collaborative
(2025 ICCVAM Public Forum).

216. Jennings, M. et al. (2011). RSPCA response to the Bateson report.
RSPCA.

217. Bateson, P. (2011). Review of Research Using Non-Human Primates:
Report of a panel chaired by Professor Sir Patrick Bateson. Biotechnology
and Biological Sciences Research Council, Medical Research Council and
Wellcome Trust.

218. Royal Society for the Prevention of Cruelty to Animals (2025).
Personal communication (POST research interview).

219. Centre for Economics and Business Research (2021). The economic
impact of the UK’s New Approach Methodologies sector: A CEBR report for
Animal Free Research UK.

220. Allied Market Research (2025). Non-Animal Alternative Testing Market
Size, Share, Trends 2030. Allied Market Research.

221. International Cooperation on Cosmetics Regulation Alternatives to
Animal Testing.

222. The State Council of the People’s Republic of China (2020). Cosmetic
Supervision and Administration Regulation. ChemLinked.

223. Department for International Trade (2022). Department for
International Trade Annual Report and Accounts 2021-22 (for the year
ended 31 March 2022). Dandy Booksellers Ltd.

37 5 January 2026


https://www.oecd.org/en/publications/test-no-442c-in-chemico-skin-sensitisation_9789264229709-en.html
https://www.oecd.org/en/publications/test-no-442c-in-chemico-skin-sensitisation_9789264229709-en.html
https://www.oecd.org/en/publications/test-no-442d-in-vitro-skin-sensitisation_9789264229822-en.html
https://www.oecd.org/en/publications/test-no-442d-in-vitro-skin-sensitisation_9789264229822-en.html
https://www.oecd.org/en/publications/test-no-442e-in-vitro-skin-sensitisation_9789264264359-en.html
https://www.oecd.org/en/publications/test-no-442e-in-vitro-skin-sensitisation_9789264264359-en.html
https://www.oecd.org/en/publications/test-no-442e-in-vitro-skin-sensitisation_9789264264359-en.html
https://www.nice.org.uk/
https://www.ukri.org/publications/explainer-how-uk-research-and-innovation-supports-government/explainer-how-ukri-supports-government/
https://www.ukri.org/publications/explainer-how-uk-research-and-innovation-supports-government/explainer-how-ukri-supports-government/
https://www.ukri.org/what-we-do/browse-our-areas-of-investment-and-support/replacement-refinement-and-reduction-in-research-using-animals/
https://www.ukri.org/what-we-do/browse-our-areas-of-investment-and-support/replacement-refinement-and-reduction-in-research-using-animals/
https://nc3rs.org.uk/our-funding-schemes
https://commission.europa.eu/funding-tenders/find-funding/eu-funding-programmes/horizon-europe_en
https://www.amrc.org.uk/guidance-on-implementing-the-3rs-when-funding-research
https://www.amrc.org.uk/guidance-on-implementing-the-3rs-when-funding-research
https://nc3rs.org.uk/sites/default/files/2021-09/CRACK%20IT%20Review%202019.pdf
https://nc3rs.org.uk/sites/default/files/2025-07/Improving%20translation%20and%20minimising%20animal%20use%20with%20human-relevant%20in%20vitro%20preclinical%20models.pdf
https://nc3rs.org.uk/sites/default/files/2025-07/Improving%20translation%20and%20minimising%20animal%20use%20with%20human-relevant%20in%20vitro%20preclinical%20models.pdf
https://www.gov.uk/government/news/animal-testing-to-be-phased-out-faster-as-uk-unveils-roadmap-for-alternative-methods
https://www.gov.uk/government/news/animal-testing-to-be-phased-out-faster-as-uk-unveils-roadmap-for-alternative-methods
https://wellcome.org/about-us
https://www.ukri.org/news/ambitious-new-uk-project-to-transform-human-disease-modelling/
https://www.ukri.org/news/ambitious-new-uk-project-to-transform-human-disease-modelling/
https://ntp.niehs.nih.gov/sites/default/files/2025-07/ICCVAM-PubForum-2025_3RsC-Comments_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/2025-07/ICCVAM-PubForum-2025_3RsC-Comments_508.pdf
https://www.rspca.org.uk/webContent/staticImages/Downloads/BatesonResponse.pdf
https://nc3rs.org.uk/sites/default/files/documents/Guidelines/Papers/Bateson%20Report.pdf
https://nc3rs.org.uk/sites/default/files/documents/Guidelines/Papers/Bateson%20Report.pdf
https://www.animalfreeresearchuk.org/wp-content/uploads/2021/09/Animal-Free-Research-UK_Economic-Report-2.pdf
https://www.animalfreeresearchuk.org/wp-content/uploads/2021/09/Animal-Free-Research-UK_Economic-Report-2.pdf
https://www.animalfreeresearchuk.org/wp-content/uploads/2021/09/Animal-Free-Research-UK_Economic-Report-2.pdf
https://www.alliedmarketresearch.com/non-animal-alternative-testing-market-A25675
https://www.alliedmarketresearch.com/non-animal-alternative-testing-market-A25675
https://www.iccr-cosmetics.org/topics-documents/1-alternatives-to-animal-testing
https://www.iccr-cosmetics.org/topics-documents/1-alternatives-to-animal-testing
https://resource.chemlinked.com.cn/cosmetic/translation/2022/preview-doc/sample-cosmetic-supervision-and-administration-regulation.pdf
https://resource.chemlinked.com.cn/cosmetic/translation/2022/preview-doc/sample-cosmetic-supervision-and-administration-regulation.pdf
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf

Technology alternatives to animals in life sciences research, POSTnote 756

224. GOV.UK (2021). Animal testing required on UK exported cosmetic
products into China.

225. Department for Business and Trade (2025). Personal communication
(POST research interview).

226. Beilmann, M. et al. (2025). Application of new approach
methodologies for nonclinical safety assessment of drug candidates.
Nature Reviews Drug Discovery, Vol 24, 705—725.

227. Van Der Zalm, A. J. et al. (2022). A framework for establishing
scientific confidence in new approach methodologies. Archives of
Toxicology, Vol 96, 2865—-2879.

228. Westmoreland, C. et al. (2022). Use of New Approach Methodologies
(NAMs) in regulatory decisions for chemical safety: Report from an EPAA
Deep Dive Workshop. Regulatory Toxicology and Pharmacology, Vol 135,
105261.

229. Deepika, D. et al. (2025). Advancing human health risk assessment:
the role of new approach methodologies. Frontiers in Toxicology, Vol 7,
1632941.

230. OECD (2024). Workshop report on operational and financial aspects
of validation. OECD.

231. Biotechnology and Biological Sciences Research Council (2022).
BBSRC Survey Report on the Use of Models in Research. UK Research and
Innovation.

232. OECD (2025). OECD Regulatory Policy Outlook 2025. OECD
Publishing.

233. Department for Business and Trade (2024). Smarter Regulation and
the Regulatory Landscape: Summary of findings from the Call for
Evidence.

234. Oyetade, O. et al. (2025). Ways to broaden the awareness,
consideration and adoption of hew approach methodologies (NAMs).
Alternatives to Animal Experimentation, Vol 42, 714-726.

235. Ponzano, S. (2025). Reframing the voluntary data submission to
foster regulatory acceptance of NAMs. European Medicines Agency.

236. Abarkan, F. Z. et al. (2022). Identifying Key Factors for Accelerating
the Transition to Animal-Testing-Free Medical Science through Co-
Creative, Interdisciplinary Learning between Students and Teachers.
Animals, Vol 12, 2757.

237. Miller, N. D. (2024). Phase-out planning for animal experimentation:
A definition, an argument, and seven action points. Alternatives to Animal
Experimentation, Vol 41, 260-272.

238. National Library of Medicine (2025). Medical Subject Headings.

239. Van Luijk, J. et al. (2011). Assessing the Search for Information on
Three Rs Methods, and their Subsequent Implementation: A National
Survey among Scientists in the Netherlands. Altern Lab Anim, Vol 39, 429—
447.

240. Krebs, C. (2022). Proceedings of a workshop to address animal
methods bias in scientific publishing. Alternatives to Animal
Experimentation, Vol 40, 677-688.

241. Del Pace, L. et al. (2022). Researchers and Their Experimental
Models: A Pilot Survey in the Context of the European Union Health and
Life Science Research. Animals, Vol 12, 2778.

242. Krebs, C. (2023). A survey to assess animal methods bias in scientific
publishing. Alternatives to Animal Experimentation, Vol 40,

38 5 January 2026


https://www.check-international-trade-barriers.service.gov.uk/barriers/B6RYJG/?resolved=1&location=cn%20
https://www.check-international-trade-barriers.service.gov.uk/barriers/B6RYJG/?resolved=1&location=cn%20
https://www.nature.com/articles/s41573-025-01182-9
https://www.nature.com/articles/s41573-025-01182-9
https://link.springer.com/10.1007/s00204-022-03365-4
https://link.springer.com/10.1007/s00204-022-03365-4
https://linkinghub.elsevier.com/retrieve/pii/S0273230022001489
https://linkinghub.elsevier.com/retrieve/pii/S0273230022001489
https://linkinghub.elsevier.com/retrieve/pii/S0273230022001489
https://www.frontiersin.org/articles/10.3389/ftox.2025.1632941/full
https://www.frontiersin.org/articles/10.3389/ftox.2025.1632941/full
https://www.oecd.org/en/publications/workshop-report-on-operational-and-financial-aspects-of-validation_db9979eb-en.html
https://www.oecd.org/en/publications/workshop-report-on-operational-and-financial-aspects-of-validation_db9979eb-en.html
https://www.ukri.org/wp-content/uploads/2022/03/final-5040-JS-Publishing-Models-Report-A4_CB_v8.pdf
https://www.oecd.org/en/publications/oecd-regulatory-policy-outlook-2025_56b60e39-en.html
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf
https://assets.publishing.service.gov.uk/media/6645ec73bd01f5ed32793d13/summary-of-findings-from-the-call-for-evidence.pdf
https://www.altex.org/index.php/altex/article/view/2992
https://www.altex.org/index.php/altex/article/view/2992
https://www.ema.europa.eu/en/documents/presentation/presentation-reframing-voluntary-data-submission-foster-regulatory-acceptance-nams-sponzano-ema_en.pdf
https://www.ema.europa.eu/en/documents/presentation/presentation-reframing-voluntary-data-submission-foster-regulatory-acceptance-nams-sponzano-ema_en.pdf
https://www.mdpi.com/2076-2615/12/20/2757
https://www.mdpi.com/2076-2615/12/20/2757
https://www.mdpi.com/2076-2615/12/20/2757
https://www.altex.org/index.php/altex/article/view/2730/version/2792
https://www.altex.org/index.php/altex/article/view/2730/version/2792
https://www.nlm.nih.gov/mesh/meshhome.html
https://journals.sagepub.com/doi/10.1177/026119291103900505
https://journals.sagepub.com/doi/10.1177/026119291103900505
https://journals.sagepub.com/doi/10.1177/026119291103900505
https://www.altex.org/index.php/altex/article/view/2567/version/2629
https://www.altex.org/index.php/altex/article/view/2567/version/2629
https://www.mdpi.com/2076-2615/12/20/2778
https://www.mdpi.com/2076-2615/12/20/2778
https://www.mdpi.com/2076-2615/12/20/2778
https://altex.org/index.php/altex/article/view/2568
https://altex.org/index.php/altex/article/view/2568

Technology alternatives to animals in life sciences research, POSTnote 756

243. Wellcome (2020). What Researchers Think About the Culture They
Work In.

244. Anderson, M. S. et al. (2007). The Perverse Effects of Competition on
Scientists” Work and Relationships. Sci Eng Ethics, Vol 13, 437-461.

245. Franco, N. H. et al. (2018). Researchers’ attitudes to the 3Rs—An
upturned hierarchy? PLoS ONE, Vol 13, 0200895.

246. UK Research and Innovation (2025). Principles of full economic
costing (fEC).

247. Parvatam, S. et al. (2025). Human-based complex in vitro models:
their promise and potential for rare disease therapeutics. Frontiers in Cell
and Developmental Biology, Vol 13, 1526306.

248. Hwang, M. et al. (2025). Establishment of Human Lung Cancer
Organoids Using Small Biopsy and Surgical Tissues. Cancers, Vol 17, 2291.

249. OECD (2018). Guidance Document on Good In Vitro Method Practices
(GIVIMP). OECD Publishing.

250. Alkhatib, R. et al. (2024). Data Management in Biobanking:
Strategies, Challenges, and Future Directions. BioTech, Vol 13, 34.

251. Grady, C. et al. (2015). Broad Consent for Research with Biological
Samples: Workshop Conclusions. 7he American Journal of Bioethics, Vol
15, 34-42.

252. Helgesson, G. et al. (2005). The Right to Withdraw Consent to
Research on Biobank Samples. Medicine, Health Care and Philosophy, Vol
8, 315-321.

253. National Library of Medicine et a/. (2017). Section 3.
Recommendations for biobanks. Common Minimum Technical Standards
and Protocols for Biobanks Dedlicated to Cancer Research.

254. McGrath, E. R. et al. (2025). Use of participant data and biological
samples is insufficiently described in participant information leaflets.
Journal of Clinical Epidemiology, Vol 177, 111590.

255. Thompson, R. et al. (2025). The research relationship: participant
perspectives on consent in biobanking. BMC Med Ethics, Vol 26, 47.

256. UK Research and Innovation (2025). Human biological samples.

257. Ledgerwood, A. (2025). Ethnicity and Drug Response: How Genetics
Shape Medication Effects. European Abolic.

258. Patrinos, G. P. et al. (2023). Editorial: Pharmacogenomics and
ethnicity: Prevalence and clinical significance of pharmacogenomic
biomarkers in indigenous and other populations. Frontiers in
Pharmacology, Vol 14, 1180487.

259. Tamargo, J. et al. (2022). Racial and ethnic differences in
pharmacotherapy to prevent coronary artery disease and thrombotic
events. European Heart Journal - Cardiovascular Pharmacotherapy, Vol 8,
738-751.

260. Audubon Bioscience Cell Lines Versus Primary Cells as In Vitro
Disease Models — An Overview. Audubon Bioscience.

261. Dutil, J. et al. (2019). An Interactive Resource to Probe Genetic
Diversity and Estimated Ancestry in Cancer Cell Lines. Cancer Research,
Vol 79, 1263-1273.

262. Baumgartner, R. et al. (2023). Fair and equitable Al in biomedical
research and healthcare: Social science perspectives. Artificial Intelligence
in Medicine, Vol 144, 102658.

39 5 January 2026


https://cms.wellcome.org/sites/default/files/what-researchers-think-about-the-culture-they-work-in.pdf
https://cms.wellcome.org/sites/default/files/what-researchers-think-about-the-culture-they-work-in.pdf
http://link.springer.com/10.1007/s11948-007-9042-5
http://link.springer.com/10.1007/s11948-007-9042-5
https://dx.plos.org/10.1371/journal.pone.0200895
https://dx.plos.org/10.1371/journal.pone.0200895
https://www.ukri.org/councils/epsrc/guidance-for-applicants/costs-you-can-apply-for/principles-of-full-economic-costing-fec/
https://www.ukri.org/councils/epsrc/guidance-for-applicants/costs-you-can-apply-for/principles-of-full-economic-costing-fec/
https://www.frontiersin.org/articles/10.3389/fcell.2025.1526306/full
https://www.frontiersin.org/articles/10.3389/fcell.2025.1526306/full
https://www.mdpi.com/2072-6694/17/14/2291
https://www.mdpi.com/2072-6694/17/14/2291
https://www.oecd.org/en/publications/guidance-document-on-good-in-vitro-method-practices-givimp_9789264304796-en.html
https://www.oecd.org/en/publications/guidance-document-on-good-in-vitro-method-practices-givimp_9789264304796-en.html
https://www.mdpi.com/2673-6284/13/3/34
https://www.mdpi.com/2673-6284/13/3/34
http://www.tandfonline.com/doi/full/10.1080/15265161.2015.1062162
http://www.tandfonline.com/doi/full/10.1080/15265161.2015.1062162
http://link.springer.com/10.1007/s11019-005-0397-6
http://link.springer.com/10.1007/s11019-005-0397-6
https://www.ncbi.nlm.nih.gov/books/NBK567244/
https://www.ncbi.nlm.nih.gov/books/NBK567244/
https://linkinghub.elsevier.com/retrieve/pii/S0895435624003469
https://linkinghub.elsevier.com/retrieve/pii/S0895435624003469
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-025-01199-0
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-025-01199-0
https://www.ukri.org/manage-your-award/good-research-resource-hub/human-biological-samples/
https://europeanabolic.com/ethnicity-and-drug-response-how-genetics-shape-medication-effects
https://europeanabolic.com/ethnicity-and-drug-response-how-genetics-shape-medication-effects
https://www.frontiersin.org/articles/10.3389/fphar.2023.1180487/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1180487/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1180487/full
https://academic.oup.com/ehjcvp/article/8/7/738/6644872
https://academic.oup.com/ehjcvp/article/8/7/738/6644872
https://academic.oup.com/ehjcvp/article/8/7/738/6644872
https://audubonbio.com/blog/cancer-cell-lines-and-patient-derived-primary-cells-as-in-vitro-disease-models-an-overview/
https://audubonbio.com/blog/cancer-cell-lines-and-patient-derived-primary-cells-as-in-vitro-disease-models-an-overview/
https://aacrjournals.org/cancerres/article/79/7/1263/640694/An-Interactive-Resource-to-Probe-Genetic-Diversity
https://aacrjournals.org/cancerres/article/79/7/1263/640694/An-Interactive-Resource-to-Probe-Genetic-Diversity
https://linkinghub.elsevier.com/retrieve/pii/S0933365723001720
https://linkinghub.elsevier.com/retrieve/pii/S0933365723001720

Technology alternatives to animals in life sciences research, POSTnote 756

263. Yildirim, Z. et al. (2025). Next-Gen Therapeutics: Pioneering Drug
Discovery with iPSCs, Genomics, AI, and Clinical Trials in a Dish. Annual
Review of Pharmacology and Toxicology, Vol 65, 71-90.

264. Gianfrancesco, M. A. et al. (2018). Potential Biases in Machine
Learning Algorithms Using Electronic Health Record Data. JAMA Internal
Medicine, Vol 178, 1544.

265. OECD (2024). G20 Compendium on Data Access and Sharing Across
the Public Sector and with the Private Sector for Public Interest. OECD
Publishing.

266. Masarone, S. et al. (2025). Advancing predictive toxicology:
overcoming hurdles and shaping the future. Digital Discovery, Vol 4, 303—
315.

267. Zhang, J. et al. (2025). Computational toxicology in drug discovery:
applications of artificial intelligence in ADMET and toxicity prediction.
Briefings in Bioinformatics, Vol 26, bbaf533.

268. Bogani, D. (2025). Extracting key information from existing data;
another way to promote the 3Rs. National Mouse Genetics Network.

269. Knoppers, B. M. (2014). Framework for responsible sharing of
genomic and health-related data. HUGO J, Vol 8, 3.

270. Hoffman, W. et al. (2019). Collaborating for the common good:
Navigating public private data partnerships. McKinsey Analytics.

271. Diwaker, D. et al. (2025). Health Data Research Service — unlocking
the potential of health and care data to transform lives.

272. Bhatnagar, A. et al. (2024). Policy implications of artificial intelligence
(AI). Parliamentary Office of Science and Technology.

273.  Azizi Othman (2025). Explainable AI (XAI): Enhancing Transparency
and Trust in Artificial Intelligence. Unpublished.

274. Nouis, S. C. E. et al. (2025). Evaluating accountability, transparency,
and bias in Al-assisted healthcare decision making: a qualitative study of
healthcare professionals’ perspectives in the UK. BMC Medical Ethics, Vol
26, 1-11.

275. Qadri, Y. A. et al. (2025). Explainable Artificial Intelligence: A
Perspective on Drug Discovery. Pharmaceutics, Vol 17, 1119.

276. Holzinger, A. et al. (2019). Causability and explainability of artificial
intelligence in medicine. WIREs Data Mining and Knowledge Discovery, Vol
9, e1312.

40 5 January 2026


https://www.annualreviews.org/content/journals/10.1146/annurev-pharmtox-022724-095035
https://www.annualreviews.org/content/journals/10.1146/annurev-pharmtox-022724-095035
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.3763%20
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.3763%20
https://www.oecd.org/en/publications/g20-compendium-on-data-access-and-sharing-across-the-public-sector-and-with-the-private-sector-for-public-interest_df1031a4-en.html
https://www.oecd.org/en/publications/g20-compendium-on-data-access-and-sharing-across-the-public-sector-and-with-the-private-sector-for-public-interest_df1031a4-en.html
https://xlink.rsc.org/?DOI=D4DD00257A%20
https://xlink.rsc.org/?DOI=D4DD00257A%20
https://academic.oup.com/bib/article/doi/10.1093/bib/bbaf533/8276062
https://academic.oup.com/bib/article/doi/10.1093/bib/bbaf533/8276062
https://nmgn.mrc.ukri.org/news/extracting-key-information-from-existing-data-another-way-to-promote-the-3rs/
https://nmgn.mrc.ukri.org/news/extracting-key-information-from-existing-data-another-way-to-promote-the-3rs/
https://thehugojournal.springeropen.com/articles/10.1186/s11568-014-0003-1
https://thehugojournal.springeropen.com/articles/10.1186/s11568-014-0003-1
https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/McKinsey%20Analytics/Our%20Insights/Collaborating%20for%20the%20common%20good/Collaborating-for-the-common-good.pdf
https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/McKinsey%20Analytics/Our%20Insights/Collaborating%20for%20the%20common%20good/Collaborating-for-the-common-good.pdf
https://www.england.nhs.uk/blog/health-data-research-service-unlocking-the-potential-of-health-and-care-data-to-transform-lives/
https://www.england.nhs.uk/blog/health-data-research-service-unlocking-the-potential-of-health-and-care-data-to-transform-lives/
https://post.parliament.uk/research-briefings/post-pn-0708
https://post.parliament.uk/research-briefings/post-pn-0708
https://www.researchgate.net/doi/10.13140/RG.2.2.36654.83524
https://www.researchgate.net/doi/10.13140/RG.2.2.36654.83524
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-025-01243-z
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-025-01243-z
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-025-01243-z
https://www.mdpi.com/1999-4923/17/9/1119
https://www.mdpi.com/1999-4923/17/9/1119
https://wires.onlinelibrary.wiley.com/doi/10.1002/widm.1312
https://wires.onlinelibrary.wiley.com/doi/10.1002/widm.1312

Technology alternatives to animals in life sciences research, POSTnote 756

Contributors

POST is grateful to Lucy Unwin for researching this briefing and to the
Biotechnology and Biological Sciences Research Council (BBSRC) for funding
her parliamentary fellowship. For further information on this subject, please
contact the co-author, Dr Clare Lally.

POST would like to thank everybody who contributed to our open call for
evidence and contributions. In addition, we would like to thank the following
contributors for giving up their time during the preparation of this briefing,
including:

41

Members of the POST Board*
Department for Business and Trade*
William Reynolds, Home Office*

Dr JW McBlane, Medical Healthcare products Regulatory Agency
(MHRA)*

Medical Research Council (MRC), United Kingdom Research and
Innovation (UKRI)*

National Centre for the Replacement, Refinement, and Reduction of
Animals in Research*

Office for Life Sciences*

Academy of Medical Sciences

Animal Free Research UK

Association of the British Pharmaceutical Industry (ABPI)*

British Pharmacological Society, member of UK Biosciences Sector
Coalition (UKBSC)

British Neuroscience Association, member of UK Biosciences Sector
Coalition (UKBSC)

Cancer Research UK (Dr Jane Gray, Dr Ian Hall, and Dr Guilia Biffi,
University of Cambridge; Prof Karen Blyth* and Prof Jennifer Morton,
University of Glasgow)

Royal Society of Biology, member of UK Biosciences Sector Coalition
(UKBSC)

UK Bioindustry Association (UK BIA)

5 January 2026



Technology alternatives to animals in life sciences research, POSTnote 756

e Understanding Animal Research, member of UK Biosciences Sector
Coalition (UKBSC)*

e Wellcome, member of UK Biosciences Sector Coalition (UKBSC)

e Dr Eric Hill, UK Neuromorphic Computing Centre (UKMCNC),
University of Loughborough

e John Kendrick, Labcorp Early Development Laboratories Ltd*
e Dr Adjanie Patabendige, University of Derby
e Barney Reed, RSPCA*

e Prof Paul Roach, UK Neuromorphic Computing Centre (UKMCNC),
University of Loughborough

e Dr Sally Robinson, Cancer Research UK Manchester Institute*
e Dr Dharaminder Singh, CN Bio Innovations

e Dr Sara Wells, Mary Lyon Centre Medical Research Council (MRC),
Harwell*

e Dr Carl Westmoreland, retired toxicologist

* denotes people and organisations who acted as external reviewers of the
briefing.

42 5 January 2026



The Parliamentary Office of Science and Technology (POST) is an
impartial research and knowledge exchange service based in the
UK Parliament.

POST’s unique approach connects members of parliament with
cutting-edge research and evidence. We publish evidence-based,
peer-reviewed briefings based on consultation with experts and
stakeholders. We cover all subjects and have a UK-wide network
of experts ready to share their expertise with parliamentarians.
We also help researchers understand parliament and contribute to
its work.

Our published material is available to everyone on
post.parliament.uk. Get our latest research delivered straight to
your inbox. Subscribe at post.parliament.uk/subscribe or scan the
code below:

o

post@parliament.uk
X: @POST_UK
LinkedIn: POST, UK Parliament




