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In vitro tests for skin and eye irritation have become a well-established part of safety  
assessments and regulatory submissions, reliably able to discriminate between irritating and  
non-irritating products. Having effectively become the default method for irritation studies 
across a number of industries, there is now little reason to use animal studies for this purpose. 
Through regular use of these irritation methods, it has become clear that the most well  
established irritation tests were designed with harsher chemicals in mind, and aren’t always 
appropriate for investigating the potency of an irritation response, or indeed the mildness of 
today’s more sophisticated products and ingredients. 

SATISFY DEMAND FOR NOVEL, MILDER CHEMICALS
Skin mildness has become a prominent issue across a wide range of demographics.  
A study of 12,377 individuals in Europe found 51.7% experienced a skin reaction from a  
product lasting more than three days in their lifetime, 31.8% in the last year, and 19.3% in  
the last 30 days. This led 37% to say they avoided daily life skin care products as a result.  
With novel chemicals, ingredients, and finished formulations released every year to satisfy  
the demand for innovative new products, it becomes increasingly important to account for  
irritation and mildness to influence consumer buying decisions over the years to come.

Looking beyond a binary result (irritant vs non-irritant) to predictions of potency, and placing  
multiple products in a rank order of mildness, it’s now possible to design more sophisticated  
investigations into the relative mildness of a product or ingredient. The availability of a range  
of reconstructed human tissues allows this approach to be extended beyond skin and eye, to 
assess the irritation potential of a wide variety of products, including toothpastes and dental 
products on the mouth and gums, fragrances and other sprays on the airway, and sanitary 
products on the vaginal lining.

In this ebook we aim to unlock the basics behind irritation and mildness, guide you through how 
irritation can be investigated as part of a regulatory safety assessment, and how a new range of 
tests are able to investigate not only irritation, but just how mild a product may be on a range of 
human epithelial tissues.

About the authors Introduction
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SKIN IRRITATION 
Skin irritation is defined as reversible damage to the skin following  
exposure to a single substance or mixture (eg finished product)  
for up to 4 hours. Contact with an irritant results in vasodilation,  
upregulation of endothelial adhesion molecules, mast cell  
degranulation, keratinocyte and cytokine production, influx of  
leukocytes, and Langerhans’ cell migration into the dermis. This  
ultimately manifests as a non-permanent inflammatory change 
which may be a minor quickly reversible case, or major case causing  
severe inflammation. The mechanisms of irritation are similar 
across a range of human epithelial tissues.

SKIN CORROSION AND SENSITISATION
By comparison, a corrosive item causes severe and irreversible  
damage to the skin tissue (you can learn more about corrosion  
tests here), and skin sensitisation is a complex immunological  
endpoint whereby a chemical can induce an allergic response  
following contact with the skin. Skin sensitisation, once acquired,  
is a lifelong condition (this is more fully explored in our  
skin sensitisation ebook).

MILDNESS 
Mildness, on the other hand, is closely tied to irritation. It describes 
the extent of irritation potential of a product. Many researchers  
and product developers are now looking beyond a binary  
classification of irritant vs non-irritant and are seeking to determine 
relative potency of other ingredients or products. This raises the  
bar of expectation beyond a “yes/no” answer to a more subtle  
and sophisticated assessment of mild ingredients to formulate  
gentle products across a range of industries, from cosmetics and  
personal care to household products, dental formulations and  
medical devices. 
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The basic physiology of irritation

Cross section of  
skin tissue
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https://x-cellr8.com/skin-sensitisation-ebook-may-2020/


Let’s start by looking at the skin. We’ve settled on our definition  
of skin irritation, but how do we go about testing for it?
A key technology which has made the move away from animal studies possible is the  
reconstructed human epidermis (RhE). These highly differentiated models of human skin 
tissue are formed from human keratinocytes, and closely model the structure and  
morphology of human skin. RhE tissues are available from various manufacturers. Those 
shown above are some of the skin models internationally validated for use in the regulatory 
method described in OECD Test Guideline 439.

Image courtesy of EpiSkin Image courtesy of Mattek Image courtesy of EpiSkin Image courtesy of Cell Systems

HOW TESTING IS PERFORMED
Test items are applied directly to the tissue surface for a timed exposure, before washing off 
and assessing damage to the tissue. Viability is analysed through the application of a yellow 
dye called MTT, which is converted to purple formazan crystals by metabolising enzymes in 
healthy cells. These crystals can be solubilised and the absorbance measured to calculate 
a % viability of the tissues. If the viability is below the classification threshold, the item is 
classified as an irritant (GHS Category 2); if above the threshold, a No Category classification 
is made. Since test items are applied to the tissue surface, these tests are extremely robust, 
capable of testing liquids, gels, solids, powders, and more.

OECD TG 439 has become the gold standard for assessing skin irritation in terms of hazard 
identification, safety data sheet (SDS) production, and regulatory submissions for chemicals. 
The regulatory test result is limited to a binary answer of irritant or non-irritant, but a  
preliminary indication of potency is given by the percentage viability of the cells and how 
close this value falls to the classification threshold.
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How regulatory in vitro skin irritation testing works
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Skin irritation was one of the first human health endpoints to achieve full regulatory  
acceptance using an in vitro method. OECD Test Guideline 439 was first approved in 2010, 
paving the way for other animal-free tests. TG 439 is now considered the default method in 
many regulations, including EU REACH, CLP and BPR, which allow animal testing only as a 
last resort.

Guidance on when to use the test is available in the OECD’s Integrated Approaches to  
Testing and Assessment (IATA) which describes a combined approach to assessment of 
both corrosion and irritation potential of chemicals to human skin. 

To summarise, the IATA consist of three parts. The first two parts focus on gathering any  
existing information on potential irritation properties, using historical data (in vivo and  
in vitro) for the chemical or similar substances, consideration of its physico-chemical  
properties and the use of computer modelling (in silico) for an initial prediction using a 
weight of evidence. Having concluded the most likely outcome, testing is carried out only 
 if needed to fill data gaps. If it’s expected to be either irritant or corrosive, a “top-down”  
approach begins with in vitro skin corrosion testing. For expected non-irritants,  
a “bottom-up” approach begins with the in vitro skin irritation test.

NEW TESTING MAY NOT ALWAYS BE REQUIRED

An ECHA summary report in 2017 stated that new experimental studies for skin irritation  
or corrosion were required in only 20% of cases. More than 50% of REACH submissions 
used existing data while some relied on QSAR, read across and weight of evidence. It would 
be expected that “existing data” in many cases includes an in vitro test conducted previously.  
Due to the simplicity and wide acceptance of TG 439, companies often perform it as a  
standard component of their initial safety assessment process.  

In a later section, we’ll cover why the controversial Draize test (OECD TG 404 – Developed in 
1944 and originally adopted in 1981) is still being used in some cases.

Current regulatory guidance: 
Skin irritation
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Image reproduced from the OECD Guidance Document on an Integrated Approach  
on Testing and Assessment (IATA) for Skin Corrosion and Irritation

http://www.oecd.org/env/guidance-document-on-an-integrated-approach-on-testing-and-assessment-iata-for-skin-corrosion-and-irritation-9789264274693-en.htm
https://www.echa.europa.eu/documents/10162/13639/alternatives_test_animals_2017_en.pdf/075c690d-054c-693a-c921-f8cd8acbe9c3
https://www.oecd-ilibrary.org/environment/test-no-404-acute-dermal-irritation-corrosion_9789264242678-en
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Reconstructed human corneal models have been approved for regulatory eye irritation testing for some time as described in  
OECD Test Guideline 492. The tests work on the same mechanism as the skin equivalents, measuring damage to the tissue  
following application to the surface of the cornea. However, currently these can only be used as stand-alone tests for chemicals not 
requiring classification (ie GHS No Category), leaving a huge gap when it comes to classifying eye irritants. The IATA (last updated 
July 2019) clearly describes a requirement to perform tests that are able to identify serious eye damage, either as a first step (top 
down approach for expected irritants) or as a follow-on to unexpected positive results in TG 492 (bottom up approach). 

BCOP NOT COMPATIBLE WITH VEGAN CLAIMS
Which tests are needed? The default test for the identification of serious eye damage is currently the Bovine Corneal Opacity and 
Permeability (BCOP) method (OECD TG 437). The use of bovine eyes from slaughter houses has led to much debate about the status 
of this test as an animal replacement method, and it raises concerns for companies developing vegan products. Many companies 
won’t commission or conduct the BCOP, but for chemical companies who need to comply with global regulations across a range  
of industry sectors, there has been little choice.

PROGRESS MADE WITH NEW OCULAR IRRITECTION® TEST
Other methods have contributed a promising shift to truly animal-free methods. The new Ocular Irritection (OI®) test  
(OECD TG 496 published October 2019) measures changes in opacity of a synthetic macromolecular matrix. It’s approved for  
the classification of both chemicals and mixtures with potential to induce serious eye damage, as well as those not requiring  
classification for eye irritation or serious eye damage and can be a useful first step in either top down or bottom up approaches. 

In this sense,  it matches the applicability of both the BCOP and the longstanding short time exposure test (OECD TG 491 updated 
June 2020) using rabbit corneal cells, and like the BCOP, it overcomes the solubility limitations. However these can’t be used as 
stand-alone tests, meaning that further steps are still required for the sub-categorisation of eye Irritants (UN GHS Class 2A) and 
Mild Irritants (Class 2B). In some cases, where other approaches such as in silico modelling and read-across are unable to provide 
sufficient weight of evidence, this still means the Draize rabbit test (OECD TG 405) However these can’t be used as stand-alone tests, 
meaning that further steps are still required for the sub-categorisation of eye Irritants (UN GHS Class 2A) and Mild Irritants (Class 
2B). In some cases, where other approaches such as in silico modelling and read-across are unable to provide sufficient weight of 
evidence, this still means the Draize rabbit test (OECD TG 405).

At first glance, it might appear that in vitro solutions are available for  
testing human eye irritation potential, but we’re far from a complete  
answer. Let’s take a look at why:

Focus on eye irritation

https://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.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2017)15/REV1%20&doclanguage=en
https://www.oecd-ilibrary.org/environment/test-no-437-bovine-corneal-opacity-and-permeability-test-method-for-identifying-i-chemicals-inducing-serious-eye-damage-and-ii-chemicals-not-requiring-classification-for-eye-irritation-or-serious-eye-damage_9789264203846-en
https://www.oecd-ilibrary.org/environment/test-no-496-in-vitro-macromolecular-test-method-for-identifying-chemicals-inducing-serious-eye-damage-and-chemicals-not-requiring-classification-for-eye-irritation-or-serious-eye-damage_970e5cd9-en
https://www.oecd-ilibrary.org/environment/test-no-491-short-time-exposure-in-vitro-test-method-for-identifying-i-chemicals-inducing-serious-eye-damage-and-ii-chemicals-not-requiring-classification-for-eye-irritation-or-serious-eye-damage_9789264242432-en
https://www.oecd-ilibrary.org/environment/test-no-405-acute-eye-irritation-corrosion_9789264185333-en


 
There’s a real risk that animal tests 

already conducted in the EU will need to be repeated for 
UK REACH compliance if a data sharing arrangement can’t be agreed.

The latest Home Office statistics on scientific procedures on living animals show that 87 rabbits were used in the UK  
alone in 2019 for skin irritation or corrosion testing. The same report states that no animals were used for cosmetic 
testing purposes, in line with the animal testing ban in the EU Cosmetics Regulation 1223/2009. 

CURRENT IN VITRO TECHNOLOGY GAPS
Other industries still allow animal testing as a last resort, and some countries require skin irritants to be  
sub-classified into GHS Category 2 (Irritant) vs. Category 3 (Mild Irritant), which can’t yet be achieved using in vitro 
methods. This may be a contributory factor to the ongoing performance of some Draize tests. OECD TG 404  
describes the method, first developed in 1944 by FDA toxicologists John Draize and Jacob Spines, involving the  
direct application of the substance to the skin of an albino rabbit for 4 hours.

In vitro eye irritation methods currently can’t be used as stand-alone tests, meaning that further steps are still  
required for sub-categorisation of serious eye damage and eye irritation. In a minority of cases companies are still  
conducting the Draize test (OECD TG 405 developed in 1944) for non-cosmetic applications, directly applying  
the test chemical in vivo to rabbits’ eyes. 16 rabbits were used in the UK for this purpose in 2019.

80% OF COUNTRIES STILL ALLOW ANIMAL TESTING
UK REACH is expected to largely follow its EU predecessor, which limits (but doesn’t rule out) animal tests. There’s  
a real risk that animal tests already conducted in the EU will need to be repeated for UK REACH compliance if a  
data sharing arrangement can’t be agreed. More than 80% of countries still allow animal testing even for cosmetic  
products and ingredients, so there’s a long way to go before animal tests will be phased out completely. Further 
investment into in vitro research is needed to address the current gap in technology, to help companies to fully 
comply with global regulations using Non-Animal Methods (NAMs). The recent trend away from straightforward 
replacement of flawed animal tests and towards more sophisticated human-relevant science holds much promise 
of accelerated progress towards a world free of animal testing.
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Why are animal tests still happening?
Given the technical progress and wide international acceptance of in vitro 
skin irritation methods, why are some animal tests still being done? 

http://www.oecd.org/env/test-no-404-acute-dermal-irritation-corrosion-9789264242678-en.htm
https://www.oecd-ilibrary.org/environment/test-no-405-acute-eye-irritation-corrosion_9789264185333-en


 
 

 

The skin and eye irritation OECD Test Guidelines provide a binary classification (irritant vs non-irritant) to meet hazard  
identification requirements for regulatory submissions, but reconstructed human tissues are capable of more  
sophisticated studies. Non-regulatory methods have evolved to provide detailed insights for product development 
purposes, as well as additional supporting data for weight of evidence regulatory scenarios.

One such approach to both skin and eye irritation testing is the ET50 method, which measures a time course of  
damage to the tissues following topical exposure (compared with a single time exposure in the regulatory tests). This 
allows the calculation of the time taken, in hours, to reduce the viability of tissues to 50%, also known as an ET50 value. 
The lower the ET50 value, the less time it has taken to reduce the tissue viability, and so the more irritating the item is. 

COMPARE OR BENCHMARK CANDIDATE FORMULATIONS
This ET50 value not only allows test items to be placed in a category based on the potency of the irritation they cause 
(severe, moderate, mild, minimal/non-irritant), but is directly comparable between different items. This means the 
ET50 values of two or more products can be placed into a rank order, to compare irritation potential. The tests  
are used to compare candidate formulations for a new product, or to benchmark against other brands. Anonymised  
historical data is also available to support the benchmarking process. The tests therefore hold many useful  
applications in both product development and safety assessment.

For more information check out these pages:
Skin ET50 method 

Eye ET50 method

Product comparisons and  
predicting potency: 
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The increasing sophistication of in vitro irritation testing

https://x-cellr8.com/non-regulatory-safety-testing/skin-irritation-test-et50/
https://x-cellr8.com/non-regulatory-safety-testing/eye-irritation-et50/


The standard ET50 tests are very useful for ranking in order of irritation potential, but some 
of today’s chemical ingredients and products are attaining new levels of mildness to skin, 
and in vitro tests need to be able to keep pace with these changes.

IDENTIFY VERY SUBTLE DIFFERENCES BETWEEN PRODUCTS
XCellR8 undertook a 2 year project funded by Innovate UK, in partnership with clinical  
testing lab Cutest. By extending the exposure time out to 48 hours, we were able to  
establish ET50 values for even the mildest products, identifying the subtlest of differences 
between them. The project gave us a rare opportunity to compare our in vitro results  
directly to human patch test data using the same batches of test items.  

We were very excited by the ability of XtraMild to accurately predict the patch test results 
in all experiments. We tested standard and novel surfactants and a wide range of finished 
products, including case studies with leading UK brands such as PZ Cussons, The Body Shop 
and Marks and Spencer.

MILDNESS BENCHMARKS AVAILABLE FOR THE FIRST TIME
Central to the XtraMild test is the interpretation of results – what does the ET50 value 
actually mean? To ensure real world context, we have established a database of reference 
values for various product types, including face soaps and cleansers, face masks,  
moisturisers, shower gels, sunscreens and deodorants. We’ve also evaluated a number  
of babycare products such as oils, lotions, shampoos and bubble baths.

While XtraMild can’t yet fully replace human in vivo patch tests, it can be extremely valuable 
for quantitative comparisons between ingredients and formulations in product  
development. The test also provides an important pre-screen to ensure irritant products 
are picked up beforehuman volunteers are exposed – a particularly important factor for 
babycare products.

New generation skin mildness tests
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How Lankem used XtraMild to create a USP 
for their new range of green surfactants

www.x-cellr8.com 10

In 2019, surfactant specialists Lankem approached XCellR8 to  
help assess the relative mildness of their exciting new range of  
BioLoop surfactants. Their aim was to bring to market a range of  
sustainable, bio-based products with comparable performance  
to existing synthetic equivalents. They needed a sensitive and  
reproducible lab-based test which was capable of detecting subtle 
differences in the formulations in order to make strong, evidence 
based marketing claims. And in line with their company policy,  
there was an expectation that the test should be animal-free.

Lankem became one of the first companies in the world to use the 
new XtraMild test, developed by XCellR8 with funding from Innovate 
UK. As well as providing a mildness classification for each of the 
BioLoop surfactants, the project benchmarked them against  
widely available non ionic surfactants to give that all-important  
comparison data.

The results uncovered differences in the ET50 value over time that 
allowed even the three formulations classified as non-irritating  
(the best score available) to be ranked in terms of mildness. They 
also showed that the BioLoop surfactants were milder than the  
established synthetic equivalent. Finally, the in vitro and in vivo 
methods produced closely comparable results with an identical  
rank order prediction of mildness, providing robust validation of  
the in vitro method.

The results have enabled Lankem to back up their performance 
claims for the BioLoop range with credible lab data, helping to  
reassure their clients that the surfactants are a green alternative  
to conventional synthetic nonionics such as alcohol ethoxylates.

CASE
STUDY

RESULTS

“Before XtraMild became available, we were limited in our 
abilities to demonstrate the mildness of our novel ingredients 
but the results provide a trustworthy dataset to take to  
market, meeting demand for ultra-mild surfactants that have 
been tested in animal-free conditions.”

SEAN HODGKINSON, SALES DIRECTOR

Rank order of irritancy using linear extrapolation and logic equation
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Phototoxicity, or photo-irritation, is an acute toxic response following exposure  
of skin to certain chemicals and subsequent exposure to light. It can also be  
induced by skin irradiation after systemic administration of a chemical substance.  
For products intended to be applied to the skin under UV exposure (such as  
sunscreens) or geographies likely to experience greater exposure of UV, it may  
be important to determine whether a product becomes an irritant after exposure  
to light.

WHICH IN VITRO TESTS MEASURE PHOTOTOXICITY?
A simple cell culture method for phototoxicity is available (OECD TG 432), in which 
cells are incubated with a range of concentrations of the test chemical with and 
without exposure to UVA radiation. Cytotoxicity of the chemical under both  
conditions is measured using the Neutral Red Uptake (NRU) method as an indicator 
of damage to the lysosomal membranes of the cells. A comparison of the results 
with and without irradiation allows a determination of phototoxic potential.

While the NRU method has regulatory acceptance, it’s limited to substances with  
sufficient aqueous solubility to dissolve in cell culture medium, and the test doesn’t 
mimic real life exposure to human skin with a barrier function and differentiated 
cell layers. Therefore, in practice, it is sometimes supplemented with a  
non-regulatory method as part of a tiered testing strategy, using reconstructed 
human skin models.  

Test items are applied to the skin surface before exposure to UV radiation.  
Viabilities of tissues exposed to +UVA are compared to those -UVA, and any viability 
decrease at least 30% of +UVA beyond -UVA is deemed to indicate phototoxicity. 
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Before we move on from skin and eye to consider other tissues,  
phototoxicity is worth a special mention.

Spotlight on phototoxicity

https://www.oecd-ilibrary.org/environment/test-no-432-in-vitro-3t3-nru-phototoxicity-test_9789264071162-en


For regulatory safety testing purposes, skin and eye have dominated the in vitro irritation testing agenda for several  
decades, because these are listed as key human health endpoints requiring safety data for compliance with a wide  
range of global chemical and product safety regulations.

Moving beyond regulatory compliance, tests are available to support the assessment of irritation potential to  
a range of other tissues as part of the product development process. They play an important role in early  
screening and are able to place product ranges into a rank order of irritation potential, using ET50-type methods – 
an extremely valuable approach for comparison of internal formulations or benchmarking against competitors.  
The methods also provide useful supporting data to weight of evidence approaches in regulatory submissions, 
often giving much more detailed insights into the safety profiles of ingredients and products than the formally 
approved methods.

RECONSTRUCTED HUMAN TISSUES AVAILABLE FOR  
IRRITATION / MILDNESS TESTING INCLUDE:

Useful for the assessment of oral care products such as toothpastes and 
mouthwashes, and dental implants / medical devices

Suitable for the assessment of vaginal irritation potential / mildness of  
diverse items such as spermicides, hormones, anti-microbial agents,  
period products, contraceptives and lubricants, as well as any personal care 
products applied to the skin in the intimate area

For the assessment of respiratory irritation potential of volatile chemical  
ingredients including cosmetic fragrances, adhesives, fuels, environmental 
pollutants and nanoparticles

In today’s competitive global markets, mildness is increasingly important and non-regulatory innovative methods 
give the freedom to explore this in more detail, utilising human reconstructed tissue models to greater potential.

Beyond skin and eye
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Designing your testing strategy for skin irritation 
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TESTING PURPOSE PRODUCT TYPE TEST METHOD CLASSIFICATION ACHIEVED

Regulatory
(Consult IATA -  

see page 5)

Non-regulatory
(Product

development)

Chemicals,
household  

products etc.

Cosmetic
ingredients and

formulations

Severe • Moderate • Mild • Non-irritant

Benchmarked ET50 value

Strong/Severe • Moderate • Moderate to Mild  
Very Mild • Non-irritant

Benchmarked ET50 value (extended time);
validated against human patch test

Skin ET50

XtraMild

OECD TG 439
(Reconstructed  

human epidermis)

Irritant
(UN GHS Cat.2)

vs Non-Irritant
(No Category)

All
products



Designing your testing strategy for eye irritation 
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TESTING PURPOSE TEST METHOD CLASSIFICATION ACHIEVED

Regulatory
(Consult IATA -  

see page 6)

Non-regulatory
(Product

development)

Severe • Moderate • Mild • Non-irritant

Benchmarked ET50 value

OECD TG 492
Reconstructed  
human cornea

OECD TG 496
Ocular Irritection (OI®)

OECD TG 491
Short time exposure

OECD TG 437
BCOP

Serious Eye Damage
(Un GHS Cat.1)

vs

Non-Irritant
(No Category)

Non-Irritant
(No Category)

ET50



In vitro tests have provided scientifically and ethically advanced safety and efficacy  
assessments for many years, across a range of industry sectors. Testing of cosmetics and 
their ingredients on animals has been banned since 2013, yet in vitro testing still makes  
widespread use of animal products and derivatives. Some of these components are  
harvested ‘humanely’ or are the by-products of the meat industry. However, some, such 
as foetal bovine serum (FBS), are obtained only via inhumane practices. As well as being 
detrimental to animals, these additives can significantly reduce the human-relevance and 
reproducibility of the tests.  

As in vitro doesn’t necessarily mean animal product free (APF), there was a need for clarity 
on the status of different methods.

WHAT ANIMAL COMPONENTS ARE USED IN IN VITRO METHODS?
We’ve introduced the XCellR8 scale for animal-free testing as a tool to enhance  
transparency around the APF status of in vitro methods, so that companies can make  
informed decisions about appropriate tests to use for their application. Consideration  
of the APF scale has become particularly important for companies now developing vegan  
product ranges, enabling them to take the vegan philosophy into account not only for  
the ingredients and formulations, but during the testing phase too.

In the context of irritation testing, in vitro tests span the range of the APF scale. For example, 
some reconstructed tissue models have been manufactured using FBS (Level 2), others use 
by-products of the meat industry (Level 4), while some achieve fully defined, APF conditions  
(Level 7). For eye irritation testing, the BCOP is a Level 4 test; human reconstructed  
corneal models can achieve Level 7 depending on the manufacturer; and the new Ocular  
Irritection (OI®) method is also a Level 7 test. 

THE PATH TO FULLY DEFINED SYSTEMS
The scale also provides a useful reference for driving positive change towards fully defined  
systems. XCellR8 pioneered the adaptation of OECD Test Guidelines to APF conditions,  
by adapting 2 approved skin sensitisation tests ; KeratinoSensTM and h-CLAT. The scientific 
need to eradicate animal components and create more human-relevant in vitro systems  
has recently been highlighted by leading companies Unilever and AstraZeneca, in  
partnership with the NC3Rs organisation in the UK, through an industry workshop and a  
CRACK-IT challenge to fund the adaptation of more OECD Test Guidelines to animal-free.

What is truly animal-free testing?
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1

Draize test 
OECD TG 404

2

Foetal bovine
serum (FBS)

3

Tissue extracts,
eg rat liver for
genotoxicity

studies; rat tail
collagen

4

Bovine cornea;
gelatin

5

Human cell lines
previously cultured 

in FBS; tissue models
exposed to animal 

products during
manufacturing

6

Human serum;
human platelet 

lysate (hPL); human 
liver extract

In vivo
live animal 

testing

In vitro
components

involve animal
suffering

In vitro
components

are waste products
from meat industry

not involving
additional

animal suffering

In vitro
components have
previously been

exposed to
animal products

In vitro
animal-product-
free components

are ethically
human-derived

In vitro
animal-product-
free fully defined

7

Chemically
defined media
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The XCellR8 scale for animal-free testing

In vitro
components

involve “humane” 
animal sacrifice

©XCellR8

Not all in vitro tests are equal when it comes to their animal product free (APF) status. 
The XCellR8 scale for animal-free testing defines 7 ethical levels based on the inclusion 
of animal components in the test systems.

https://pubmed.ncbi.nlm.nih.gov/29313704/
https://x-cellr8.com/2020/03/31/introducing-the-xcellr8-scale-of-animal-product-free/
https://pubmed.ncbi.nlm.nih.gov/28403479/
https://pubmed.ncbi.nlm.nih.gov/29901211/
https://nc3rs.org.uk/crackit/animal-free-vitro


 

Regulatory methods for skin and eye irritation testing have the primary 
aim of hazard identification, enabling the classification and labelling of 
ingredients and products. 

While in vitro methods are available, and must be used as the default methods for compliance with numerous  
global regulations, there are still some important gaps to fill to sub-classify irritants, particularly for eye irritation.

The continued emergence of new methodologies is therefore important, along with tighter regulation and improved  
education so that the traditional Draize tests can be truly obsolete and deleted from the OECD Test Guidelines  
programme. The trend towards animal product free in vitro systems looks set to gain momentum, maximising the 
human relevance of the test methods and creating truly animal-free approaches.

MILDNESS TESTING TO BECOME AN INTRINSIC PART OF PRODUCT DEVELOPMENT
As discussed earlier in this ebook, in vitro testing enables us to move beyond the basic level of hazard 
identification to a more subtle, mechanistic assessment of the early cellular events in the irritation pathway, and to 
measure very low levels of associated inflammation. This has opened up the ability to assess the mildness of a wide 
range of products and ingredients to human tissues, and to benchmark them against each other and even against 
competitor products. As a result, reconstructed human tissue models now play an important role in both safety and 
efficacy assessment in new product development.

In the context of skin mildness, this has particular relevance in the wake of the COVID19 pandemic. The increased  
incidence of skin reactions as a result of more frequent hand washing has been well documented in the personal 
care industry press. Further implementation by industry may therefore see tests for irritation / mildness become  
a more established part of product development. 

The future of irritation testing
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The more popular that mildness claims become, the more 
substantiation will be required. 

 
Products and ingredients may be screened at an early stage to eliminate irritants, and 
those taken forward selected on the basis of being the very mildest available. The scope of 
irritation testing can push beyond measurements of tissue viability, and into other biological 
endpoints allowing further nuance to be detected between the mildest products.  
Current test methods may be expanded with both proteomic and genomic approaches.  
Practically this will be looking for proteins produced by the tissue models which indicate 
irritation (e.g. cytokine release as an indicator of inflammation), or the upregulation of 
genes within tissues contributing to the same effect, giving a more detailed picture of what 
is occurring in the skin tissue.

It is also likely that interest in mildness continues to expand beyond skin to other relevant 
tissues. More data is likely to be generated for oral and gingival irritancy, allowing results to 
be properly classified by more human-relevant data. 

Testing for irritancy is likely to always be an important part of our safety assessments, and  
a universal demand for mildness by the global population is only set to increase in the years  
to come.

The future of irritation testing
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Enjoyed this ebook?
Please share it with colleagues and check our knowledge hub for more useful guides.

To discuss your irritation testing programme:
Email: info@x-cellr8.com
Call: +44 (0)1925 607 134

XCellR8 provides ground-breaking in vitro safety tests for global cosmetics brands, chemical companies and ingredient 
manufacturers, from our GLP accredited, state-of-the-art facility in Daresbury, UK.

https://x-cellr8.com/knowledge-hub/
https://www.facebook.com/XCellR8
https://www.linkedin.com/company/xcellr8-ltd/
https://twitter.com/XCellR8_labs
https://www.instagram.com/xcellr8labs/



