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For formulators and ingredient manufacturers involved in 
the chemicals or cosmetics supply chain, the requirements 
for proving the safety of products can be overwhelming.

Sometimes, the data requirements for regulatory compliance with REACH can seem to  
contradict other regulations (such as the EU Cosmetics Regulation), as well as consumer demand  
for animal-free testing strategies.

What’s more, a recent acceleration in the availability of in vitro technologies and computer  
modelling has led to a significant increase in the availability of robust non-animal tests, directly 
linked to human responses to chemicals. They are deemed so much more reliable than historical 
animal tests, many of which were never validated to the same strict criteria, and yet have still not 
gained mainstream acceptance.

That’s why we decided to publish this essential guide to in vitro safety testing, designed to share:
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Crucially, this should help all of us in the industry better protect human health from potentially 
harmful effects of a wide array of chemicals.

About the author Introduction: Why have  
confidence in non-animal tests?
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https://x-cellr8.com/
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The European Chemicals Agency (ECHA) published a report 
in November 2017 on the current status of regulatory  
applicability of non-animal testing under REACH, the  
CLP and Biocidal Products Regulations.  

All of these regulations still require vertebrate animal testing to some extent but, at the same time, 
they only allow animal testing to be undertaken as a last resort. There are now significant  
opportunities for companies to embrace state-of-the-art non-animal testing strategies that yield 
highly human-relevant and mechanistic data while complying with the ethical demands of  
regulations and consumers.  

The ECHA report focusses not only on the replacement of animal testing with alternative  
methods, but how these methods may be used in conjunction with other approaches such as  
computer modelling, literature-based evidence and read-across, to provide supporting information 
in weight-of-evidence approaches.  

For the cosmetics industry, where animal testing must be avoided, such approaches play a critical 
part in assessing human safety and achieving regulatory compliance. While ECHA and various  
other organisations promote a “3Rs” approach (Reduction, Refinement and Replacement of  
animal testing), only 1R – full replacement – is considered acceptable by many consumers and  
it’s the only option now open to the cosmetics industry.

THE KEY FINDINGS OF THE ECHA REPORT INCLUDED:
Some of the “lower-tier” regulatory information requirements (skin 
corrosion / irritation, serious eye damage / eye irritation and skin  
sensitisation) can now be fulfilled using in vitro methods, and in fact 
these are the default methods for assessment of these endpoints. 
However, greater promotion and awareness-raising of such 
methods is needed to ensure their application and uptake 
by industry.

Standard information requirements for “higher-tier” (more complex) 
endpoints still depend on animal testing to varying extents. The  
ongoing challenge is to create non-animal models that model  
complex effects such as dose-response relationships (potency). New  
technologies such as organ-on-a-chip may help to address these  
complexities, but require improved standardisation before they will  
be suitable for validation as regulatory methods.

The regulator’s view of  
non-animal testing
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https://echa.europa.eu/documents/10162/22931011/non_animal_approcches_en.pdf/87ebb68f-2038-f597-fc33-f4003e9e7d7d
https://en.wikipedia.org/wiki/Organ-on-a-chip
https://www.ncbi.nlm.nih.gov/pubmed/27671728
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The much talked about REACH (EC 1907/2006) stands for 
the Registration, Evaluation, Authorisation and restriction 
of Chemicals.

It’s designed to improve the level of protection of human health and the environment from  
the use of chemicals, and as such makes manufacturers and importers responsible for  
understanding and managing the risks associated with their use. 

Over 100,000 synthetic chemicals worldwide are used in consumer products, and the total  
number of chemicals required for registration under REACH exceeds 140,000, so the industry is 
faced with a rather formidable task. Under REACH, safety assessments require a determination  
of safe levels of exposure to substances, known as derived no effect levels (DNELs). 

The CLP Regulation (EC 1272/2008) covers the classification, labelling and packaging of  
substances and mixtures. Test results are used for hazard classification which results in  
hazardous substances being labelled with appropriate warning symbols and instructions for 
safe use. The type of safety data needed varies with the endpoint: 

•  The dose causing severe effects (for acute toxicity, skin sensitisation and  
organ-specific effects).

•  The severity of toxic effects (for skin corrosion / irritation and serious eye damage /  
eye irritation).

•  The strength of the evidence demonstrating toxic effects (for genotoxicity and  
reproductive toxicity).

The Biocidal Products Regulation (EC 528/2012) covers a very diverse group of products,  
including disinfectants, pest control products and preservatives. The BPR requires a  
determination of acceptable exposure levels (AELs) as part of the risk assessment process.

Other relevant regulations not covered by the ECHA status report include the Plant Protection 
Products Regulation (EC 1107/2009) and the Cosmetics Regulation (EC 1223/2009) – the latter 
including a complete ban on animal testing in force since 11th March 2013. 
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A quick guide to regulations

“A continuous and active dialogue  
between the research community and  

regulatory authorities is needed to ensure  
the regulatory relevance of the research 

efforts and to avoid delays in the transfer 
of scientific developments into  

regulatory use.”

ECHA, NON-ANIMAL APPROACHES,  
NOVEMBER 2017

http://www.hse.gov.uk/reach/whatisreach.htm
https://www.ncbi.nlm.nih.gov/pubmed/19713914
https://www.ncbi.nlm.nih.gov/pubmed/19713914
http://www.hse.gov.uk/chemical-classification/legal/clp-regulation.htm
http://www.hse.gov.uk/biocides/eu-bpr/
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In the cosmetics sector, most ingredients fall under Annex VII of REACH (1-10 tonnes imported 
into the EU each year). Non-animal methods are available for all of the human health tests  
required under Annex VII, with the exception of acute toxicity.  

For other chemical industry sectors importing greater quantities, additional tests are required 
and in some cases there are currently no regulatory in vitro methods available, for example in  
reproductive toxicity and repeat dose / chronic exposure. Significant research is underway in 
these areas; the SEURAT-1 project made some valuable progress in the area of repeat dose  
toxicity. However, it’s likely to be some years before a complete in vitro solution is available.  

A variety of non-animal tests now have international  
regulatory approval in the form of OECD Test  
Guidelines (TGs).
This means the data produced by these tests can be accepted by regulatory bodies  
for assessments regarding human health and the environment (such as REACH). 
Key human health endpoints using regulatory methods include:

Critically, the adoption of non-animal testing strategies must enhance, not diminish, the validity  
of the risk assessment and its ability to protect human health. In vitro tests have, quite rightly, 
been subjected to rigorous validation processes that were never in place for traditional animal 
tests, ensuring that they are more than comparable with their historical counterparts. The REACH, 
CLP and Biocidal Products Regulations state that the safety test data must be suitable for the 
purposes of hazard identification and labelling and risk assessment – a criterion that is met by  
a number of in vitro OECD Test Guidelines.

Which in vitro tests have  
regulatory approval?
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Skin corrosion (TG431: human skin model)

Skin irritation (TG439: human skin model)

Eye irritation (TG492: human corneal model) 

Skin sensitisation (TGs 442C, D and E: Direct Peptide Reactivity Assay,  
KeratinoSens™ and h-CLAT) 

Mutagenicity / genotoxicity (TGs 471, 487, 473: Bacterial Reverse Mutation 
Test, Mammalian Cell Micronucleus Test, and Chromosome Aberration Test)*

✓

✓

✓

✓

✓

“The information requirements on skin corrosion/
irritation, serious eye damage/eye irritation, and skin 

sensitisation can now be fulfilled by applying  
non-animal approaches such as in vitro tests, IATA  

(Integrated Approaches to Testing and Assessment) and 
AOP concepts. Non-animal approaches for these  

toxicological properties are already defined in the  
legislation as the default method to generate the 

 information in most cases.”  

ECHA, NON-ANIMAL APPROACHES,  
NOVEMBER 2017

*Still requires the use of animal derived components

http://www.oecd-ilibrary.org/environment/test-no-431-in-vitro-skin-corrosion-human-skin-model-test_9789264071148-en
http://www.oecd-ilibrary.org/environment/test-no-439-in-vitro-skin-irritation-reconstructed-human-epidermis-test-method_9789264242845-en
http://www.oecd-ilibrary.org/environment/test-no-492-reconstructed-human-cornea-like-epithelium-rhce-test-method-for-identifying-chemicals-not-requiring-classification-and-labelling-for-eye-irritation-or-serious-eye-damage_9789264242548-en
http://www.seurat-1.eu/
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For a long time, sensitisation was considered the elusive 
“holy grail” of regulatory in vitro safety testing.

Why? Because sensitisation is usually a much more serious effect than, for example, irritation. 
While irritation tends to be a short-term, reversible, local reaction in the skin, sensitisation follows 
a more complex pathway involving an immune response. Once a consumer is sensitised to a 
particular cleaning chemical or cosmetic ingredient, they will typically be sensitised for life –  
so it’s an extremely important part of safety assessment.  

By its very nature, the complex pathway of skin sensitisation was considered notoriously difficult 
to model in vitro: how could such an intricate, multi-step, physiological pathway be accurately  
represented in a single test? The critics of in vitro testing would cite this as a perfect example of 
why animal experiments were needed – a whole animal, they said, could never be replaced  
effectively. This argument became so entrenched in discussions across the chemical industry 
that, surprisingly, (and as recently as 2017), it was being stated at industry meetings that we are 
still stuck at this scientific impasse, and that no in vitro skin sensitisation tests were available.  

Happily, this is simply not the case.  

Thanks to the significant efforts of multiple scientific groups over the past decade, we now have  
a portfolio of three in vitro skin sensitisation tests with direct relevance to humans. Together,  
they model the key events in the sensitisation pathway – and they have been fully adopted at  
a regulatory level in the form of OECD Test Guidelines. The tests were developed in the USA,  
Switzerland and Japan, making this a truly international achievement. This has been a major  
triumph for in vitro testing, and the test developers were collectively awarded the “Black Box” 
Lush Prize in 2016, in recognition of this significant stepping stone on the path to the full  
replacement of animal testing.  

Skin sensitisation: how the  
industry reached the holy grail
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http://lushprize.org/awards/black-box-prize/
http://lushprize.org/awards/black-box-prize/
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For example, potency predictions are currently not possible in a regulatory 
context using in vitro methods, which only address a “yes / no” classification for 
hazard identification purposes (is the chemical a sensitiser or not?) Efforts are 
underway to ensure that in vitro methods for potency assessment are available as 
soon as possible, and new methods – such as the human genomic screen GARD – 
are already being validated for potency prediction. Meanwhile, in cases where the 
in vitro tests have yielded an inconclusive result, or where potency data is specifi-
cally required, regulators may insist on the in vivo Local Lymph Node Assay (LLNA)  
as a follow up.  

The LLNA (TG429) is a mouse-based test in which sensitisers produce a  
proliferation of lymphocytes (“T cells”) in the lymph nodes of the ear, draining  
the site of chemical application. It has been widely used for skin sensitisation 
assessment and has become the “gold standard” against which new in vitro  
methods have been validated. However, this approach is flawed in the sense that 
the LLNA itself is not always an accurate predictor of human skin sensitisation 
potential. So, if the new, human-relevant in vitro test states a different result from 
the traditional mouse-based method – which one is correct?

It’s important to recognise that the traditional animal tests were never validated 
in the same rigorous fashion as today’s in vitro methodologies. Therefore, does 
using a flawed system as a benchmark give us a skewed picture? As an industry, 
we need to come up with better validation approaches that compare directly to 
human data wherever possible.  

It’s so important to highlight that this testing strategy is now available as a  
regulatory option, while being mindful that, like any approach to safety assessment, 
limitations must be realistically considered. 
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DID YOU KNOW?

At XCellR8, we are currently  
working on an Innovate UK  
funded project in collaboration 
with human testing lab  
Cutest and leading cosmetic  
companies, to generate a fully 
human dataset on skin  
irritation potential that, for the 
first time, directly compares  
in vivo vs in vitro results.
 

https://www.ncbi.nlm.nih.gov/pubmed/29156079
http://www.oecd-ilibrary.org/environment/test-no-429-skin-sensitisation_9789264071100-en
https://www.ncbi.nlm.nih.gov/pubmed/21747867
https://x-cellr8.com/2017/09/20/xcellr8-cutest-win-significant-innovate-uk-grant-improve-human-safety-predictions/
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The three regulatory in vitro tests
for skin sensitisation explained
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The complex pathway of skin sensitisation was only  
recently mapped out in detail, using a system known as 
an Adverse Outcome Pathway (AOP). This was a critical 
development as it paved the way for a whole animal test 
system to be replaced with a combination of mechanistic, 
human-based in vitro methods.  

The three tests measure human responses to a chemical at three points in the AOP – these  
are described as key events.  

•  The first key event is contact between the chemical and skin proteins. Protein binding  
increases the likelihood of the chemical being a skin sensitiser. This is measured by the 
Direct Peptide Reactivity Assay (DPRA).  

•  Key events 2 and 3 are measured using human cell culture based tests that assess the  
activation of skin epidermal cells (keratinocytes) and immune cells (dendritic cells) – 
these are the KeratinoSens™ and h-CLAT methods respectively.  

 
For REACH compliance, these in vitro methods must now be used as the default strategy.  
Current guidance recommends a “2 out of 3” approach, whereby 2 positive results would result  
in classification of a chemical as a skin sensitiser. Ideally, all three tests should be performed  
to build the best possible picture of the human skin sensitisation potential of the chemical or  
cosmetic ingredient being tested. However, in practice, many companies are first performing two 
tests (usually the DPRA and KeratinoSens™), only following up with a third (h-CLAT) if confirmation 
is required to obtain a 2 out of 3 classification.  

This strategy is often cost-driven as the h-CLAT is the most expensive of the 3 tests, and  
commercial factors drive resistance to replacing the traditional animal tests. It should be noted 
that there are currently no validated in vitro tests available to measure key event 4 in the skin 
sensitisation AOP (T cell proliferation), addressed by the LLNA.

KEY EVENTS IN SKIN  
SENSITISATION AND RELATED TESTS:

1) CONTACT (direct peptide reactivity  
assay - DPRA) OECD TG 442C

2) RELEASE OF PRO-INFLAMMATORY  
CYTOKINES BY KERATINOCYTES  

(KERATINOSENSTM) OECD TG 442D
3) DENDRITIC CELL ACTIVATION/MATURATION  

(human cell line activation test -  
hCLAT) OECD TG 442E

4) T-CELL PROLIFERATION (local lymph  
node assay - LLNA) OECD TG 429 –  

ANIMAL TEST

http://www.oecd-ilibrary.org/environment/test-no-442c-in-chemico-skin-sensitisation_9789264229709-en
http://www.oecd-ilibrary.org/environment/test-no-442d-in-vitro-skin-sensitisation_9789264229822-en
http://www.oecd-ilibrary.org/environment/test-no-442e-in-vitro-skin-sensitisation_9789264264359-en


Tests for skin corrosion / irritation, and eye irritation, were among the first 
non-animal methods to gain regulatory status, using tissue engineering 
technology to create reconstructed human skin and eye tissues as a close 
representation of in vivo human physiology.  

Test items are applied directly to the tissue surface and, as they do not require the test chemical to dissolve in solution, 
they can be used for testing both ingredients and formulations, as either liquids or solids. These tests are among the most 
accepted regulatory in vitro methods. However, in the case of eye irritation, TG492 is now only allowed as a stand-alone 
method for chemicals not requiring classification and labelling for eye irritation or serious eye damage (this means those 
that are identified in the test as non-irritants). Those chemicals identified as irritants now require more testing for further 
classification, using methods such as the Bovine Corneal Opacity test (TG 437). This is not a true non-animal test and new 
approaches to address this current blockage are urgently needed.

IMPROVED SENSITIVITY FOR EYE IRRITATION TESTS

www.x-cellr8.com

The current regulatory in vitro tests for eye irritation were originally developed with a bias  
towards industrial chemicals, many of which are moderate to severe eye irritants. Now the 
cosmetic industry needs more sensitive test methods that are able to detect subtle differences 
between mild ingredients and formulations, especially for products like baby shampoos and  
eye creams.

The reconstructed human corneal model, EpiOcular™, has already been used for this purpose: 
the ET50 method even has a version for mild and ultra-mild test items. Recently, a further  
adaptation of the test has been evaluated as part of the CON4EI project – an international  
industry consortium comparing 8 different in vitro methods for eye irritation. 

The data showed that the EpiOcular™-based test was superior to many of the more traditional 
methods and able to accurately predict eye irritants at the mild end of the spectrum – paving  
the way for a new level of sensitivity in eye safety assessment.

Early successes: skin corrosion /  
irritation and eye irritation
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https://www.ncbi.nlm.nih.gov/pubmed/28964898


www.x-cellr8.com

In some cases, non-regulatory 
methods can be used as part of a 
weight-of-evidence approach. Annex 
XI of REACH allows for methods that 
have reached an appropriate stage  
of pre-validation to be used.

They may be combined with read-across data to argue against the need for animal testing.   
For example, a specific weight-of-evidence approach may be used for substances with a low  
sub-acute oral toxicity to adapt the requirement for an acute oral toxicity study.

ECHA states that animal testing for REACH compliance should only be used as a last resort, but 
unfortunately still requires it in a few scenarios. In cases where non-animal tests are not  
immediately evident, it is worth seeking substance-specific advice both within the industry and 
from the regulators, to fully assess the options available. 

In many cases, a good scientific rationale exists for using a combination of well-established 
non-regulatory tests (some of which have been partially validated), combined with existing  
literature, read-across and a variety of in silico approaches. Such a strategy, using a variety of 
data sources, in many cases could provide a higher degree of confidence in the risk assessment 
and the measures required to protect human health, compared with dependence on a single  
flawed animal model – fulfilling the regulatory requirement that the chosen approach must  
be appropriate for hazard identification.

What should you do if non-animal 
tests are unavailable?
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DID YOU KNOW?

XCellR8 has developed a non-regulatory screen for acute  
toxicity, which some global companies are already using  
as part of a weight-of-evidence approach. The test uses human 
cells in animal-product-free culture, with cell membrane damage 
as a preliminary prediction of the acute toxic class according 
to the GHS classification system. The data output of the test is 
an IC50 value (concentration of the chemical that causes a 50% 
reduction in cell viability). 

The approach provides an in vitro alternative to the rat-based 
LD50 and related tests (in which the LD50 is the dose required 
to kill 50% of the animals). To date, the screen has been  
validated in-house for 20 well-characterised cosmetic  
ingredients to create a prediction model and further work is  
underway to expand its applicability to other chemical sectors.
 

https://www.ncbi.nlm.nih.gov/pubmed/26256397
https://www.ncbi.nlm.nih.gov/pubmed/26256397


Many in vitro tests were developed and validated for  
single chemicals or ingredients, and relatively little  
is known about their predictive capacity for mixtures. 

Validation trials are expensive and time-consuming, and the wide array of mixtures used in  
cosmetic and chemical products would complicate the selection of a panel of reference mixtures 
for the validation trial. A large reference set is likely to be required, requiring significant resource.  

Sector-by-sector validation is one possible approach, yielding highly valuable data for predicting 
the toxicity of mixtures in the future. Meanwhile, it is possible to use regulatory in vitro tests in a 
non-regulatory context to build a weight of evidence, and to obtain useful information early in the 
formulation development process. Data sharing could eventually enable a significant knowledge 
base to be created, from which to build prediction models for key types of formulation.

As with any testing strategy, limitations must be borne in mind, but standard animal tests have 
also not been validated for mixtures, so this possibility represents true scientific advancement. 

Beyond ingredients:
testing finished products
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DID YOU KNOW?
Over the past 4 years, XCellR8 has studied the safety profiles of mixtures using a variety of tests and accumulated  
a substantial amount of safety data for a variety of chemical mixtures, cosmetic formulations and products from 
other chemical industry sectors.  

While in some cases, the data cannot be used as stand-alone evidence in regulatory submissions, the information 
can contribute to a weight-of-evidence approach and certainly provides companies with valuable insights during  
the product development process. In some instances, this has led to modified formulations which have been 
re-tested and found to have an enhanced safety profile. We plan to publish some of this work soon and are open  
to collaboration and data-sharing where this is permissible.

www.x-cellr8.com
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These are exciting times in the world of non-animal testing. Scientific  
developments over the last few years have seen some previously niche  
ideas given platforms at key scientific conferences such as the 10th World  
Congress on Alternatives and Animal Use in the Life Sciences, held in  
Seattle in August 2017.

Here are some predictions of exciting new trends that we expect to see over the next few years:

FASTER PACE TO ELIMINATE THE USE OF ANIMAL-DERIVED-COMPONENTS

When is an animal-free test not an animal-free test? Many “traditional” in vitro methods still use animal-derived-components 
such as serum, tissue extracts and antibodies. At the World Congress, it was very encouraging to see more scientists now 
supporting the animal-product-free approach, for both scientific and ethical reasons. Increasingly, it’s considered important 
to have an in vitro system that models human physiology as closely as possible, rather than relying on methods using animal 
cells, media and other reagents.

The future for non-animal testing
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DID YOU KNOW?

XCellR8 has developed and validated  
animal-product-free adaptations of two 
skin sensitisation tests (KeratinoSens™ and 
h-CLAT), and submitted them to the OECD for 
inclusion in Test Guidelines 442D and 442E 
respectively. The adapted KeratinoSens™ 
method is being adopted into TG442D by 
written procedure, and we hope that our work 
with h-CLAT will soon follow suit for inclusion 
in TG442E.

Incorporation of the adapted methods  
into the Guidelines enables international  
regulatory recognition, and makes the  
animal-product-free versions of the tests freely  
available for adoption by other laboratories 
around the world. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=belot+et+al+altex
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The drive to improve the protection of human health 
through the development of scientifically advanced 
non-animal tests has been a truly international effort, 
which continues to build momentum. 

In-depth collaboration through fora such as the OECD Expert Working Groups ensure that  
rigorous scientific scrutiny is applied to any new methods submitted for regulatory approval. 
From a UK standpoint, the full impact of Brexit remains to be seen. Continued access to some 
European funding streams for the development of new tests is currently uncertain. However, 
longstanding collaborative relationships between labs in the UK and colleagues across Europe  
are unlikely to be compromised by the political climate.  

Beyond Europe, it’s worth noting that the Asia Pacific region is undergoing a significant  
acceleration in the field of non-animal testing, with an increasing science base there driven by 
consumer pressure to avoid animal testing across the region. A number of cosmetic testing bans 
are in place including those in India and South Korea. A similar scenario is emerging across South 
America, with significant legislation changes in Brazil.  

In the United States, whilst leading research has contributed significantly to international pro-
gress over the decades, the current administration has an impact on funding and  
Government-led strategies. This, combined with generally lower consumer pressure to ban  
animal testing in the US, leaves some uncertainty; the continued support of key individuals  
and organisations here will be pivotal.

A global perspective
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CONCLUSION
The increasing number of non-animal tests being accepted by the  
regulators make these fast paced and innovative times in test  
development. A major shift has occurred over the past decade with huge  
numbers of industry scientists and regulators now recognising animal  
testing as an outdated approach. To ensure the best possible prediction  
of human safety, scientifically advanced, human-based approaches will  
accelerate the world’s transition to 100% animal-free tests. 

https://www.cosmeticsdesign.com/Article/2017/03/27/Brazil-s-Senate-advances-ban-on-use-of-animals-in-cosmetics-testing



