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Preface
Advances in the understanding of the biological
mechanisms underlying skin sensitisation, and the
need to comply with recent regulatory requirements, have favoured the development of alternative approaches, some of which may provide
promising screening or partial replacement methods. However, efforts are still required to identify
more-robust predictive endpoints, and to further
optimise existing methods to be integrated into a
testing strategy, with a view to achieving the full
replacement of the current animal tests. The
European Centre for the Validation of Alternative
Methods (ECVAM) and the European Cosmetics
Association (Colipa) have been collaborating with
the aim of identifying a core set of reference chemicals for test method development and/or optimisation. The use of a common set of reference
chemicals in the method development phase, would
facilitate an early assessment of the performance of
a method with respect to existing tests, and of its
possible contribution to a testing strategy. By
applying pre-defined criteria, existing databases
were mined, and a list of 16 chemicals, including 12
positive controls, of which four require metabolic
activation to act as sensitisers, and four negative
controls, was collated. The chemicals and the criteria used for their selection are presented.

Introduction
Animals are used in the currently-accepted regulatory test methods for the identification and characterisation of skin sensitisation hazard (1–3).

However, with the entry into force of the 7th
Amendment to the EU Cosmetics Directive (4) and
the new regulation on the Registration, Evaluation,
Authorisation and Restriction of Chemicals (5),
there is an acute need for alternative methods
which are capable of characterising the potential of
substances to cause skin sensitisation in humans.
In addition to the provisions introduced by the regulatory framework, there is worldwide growing
awareness of the need for substantial changes in
toxicity testing, as described in a recent report from
the US National Research Council (6). Despite the
complexity of the endpoint, advances in the development of alternative methods are being achieved,
thanks to extensive research efforts at both the
industry and university levels (7–9). Nevertheless,
up to now, none of these methods could fully replace
the current animal tests. It is more likely that a
combination of tests, each covering a key biological
mechanism of skin sensitisation, will be required
(10). For this, further efforts are needed toward the
identification of predictive biomarkers. New tests
must incorporate the most recent advances in the
understanding of the toxicological mechanisms
involved, and must generate information which is
complementary to that provided by existing test
methods. New toxicological test methods evolve
through a series of phases, from development, protocol refinement and optimisation, to the formal
evaluation, through a validation exercise, of their
reproducibility and relevance, before they can be
used to generate data to support regulatory decisions (11–13). Each of these phases requires the
availability of suitable test compounds. Specifically,
the appropriate selection of substances in the development phase is crucial for the early identification
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of the test’s strengths and limitations, and for an
initial appreciation of its performance. This would
also allow for the adoption of improvement measures in subsequent phases, if these are needed.
Moreover, encouraging, as far as is possible, the use
of a common set of test compounds by test method
developers, would allow for a comparative assessment of the data generated and for the identification of methodologies which are complementary to
existing ones or that have the potential to provide
improved predictions of adverse health effects.
For these reasons, ECVAM, as part of the European Commission’s Joint Research Centre (JRC)
Institute for Health and Consumer Protection
(IHCP), together with the Colipa Skin Tolerance
Project Team and their associates, have worked on
the identification of a list of chemicals that should
provide a valuable reference for the development of
new methods or for the improvement of existing
ones, for targeting the assessment of the skin sensitisation potential of chemicals.

The Chemicals Selection Strategy
Inclusion criteria
Good reference chemicals must fulfil the following
criteria:
1. High quality in vivo data must be available for
them. This is a fundamental prerequisite for any
chemical selection process. To properly evaluate
the responses in the test system, the chemicals
should possess unequivocal sensitising properties,
or there should be consistent evidence that such a
property is lacking. For the purpose of this exercise, chemicals were considered for inclusion, if
they were backed by concordant results in the
mouse Local Lymph Node Assay (LLNA) and in
the Magnusson Kligman Guinea-pig Maximisation
Test (GPMT), and/or in the Buehler occluded
patch test. Furthermore, careful consideration was
given to the availability of human evidence, from
diagnostic patch test data and/or epidemiological
studies, which matched the results from animal
tests. On this last point, however, whilst it is selfevident that it is the hazard to humans that is
paramount, human evidence itself requires a
greater element of expert judgement. Often, it is
complicated by uncertainties about the degree of
exposure. For example, unless there is good evidence of extensive exposure, which was prolonged,
involved a large number of individuals, and was at
a reasonable concentration, an absence of clinical
evidence cannot be taken to indicate an absence of
skin sensitisation hazard. Similarly, clear clinical
evidence of skin sensitisation must also be judged
against the extent of exposure, so that substances
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which are of too low potency are not regarded as
classifiable positives. As a guide, the criteria for the
use of human data for classification purposes,
which are set out in the REACH guidance documents (14) and in the Globally Harmonised
System of Classification and Labelling of
Chemicals (GHS; 15), have been used.
2. They should be easily purchased from commercial sources. In order to favour widespread use,
chemicals must be readily available from commercial sources, be of defined purity (preferably
> 95%), and at a reasonable price.
3. They should cover, as far as possible, the
dynamic range of responses that can be assessed
with the LLNA. The LLNA has been formally
validated for the purpose of hazard identification. However, if conducted according to current
regulatory guidelines (16), it permits an estimation of relative potency — the EC3 value (the
estimated concentration of a chemical required
to induce a 3-fold stimulation of draining lymph
node cell proliferation, as compared with concurrent controls). For both regulatory purposes
and for risk assessment, this information is useful to categorise chemicals according to their
sensitisation potencies. Nevertheless, it has to
be acknowledged that such categorisation may
be associated with a certain level of uncertainty.
In the evaluation of any emerging alternative
approach, attention should be paid as to whether
such a method would be able to make correct
predictions for a range of sensitising chemicals
which differ in their intrinsic sensitising
potency. However, bearing in mind that the
selected chemicals are proposed for development
and/or optimisation purposes, chemicals which
are classified as very weak sensitisers in the
LLNA, were deliberately excluded from the
selection, since these might give equivocal
responses in in vitro tests. Such materials must,
of course, be assessed later on in the process of
evaluation of new test methods.
4. They should represent a relevant range of chemical classes. It is recognised that, with a limited
set of substances, is almost impossible to cover
all the variety of molecular structures relevant
to skin sensitisation. However, an attempt was
made to represent such diversity as much as was
possible, by the inclusion of alcohols, aldehydes,
aromatic amines, halogenated compounds,
thioorganics, and a nitrile.
5. They should cover the range of chemical reaction mechanisms for the modification of proteins. It has recently been proposed that skin
sensitisers react with proteins through six
major different chemical mechanisms. The
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reactive domains include: Michael acceptors,
SN2 electrophiles, SNAr electrophiles, Schiff’s
base formers, and acyl transfer electrophiles.
One domain is proposed to categorise non-reactive or non-pro-reactive compounds (17). The
categorisation of chemical sensitisers into reaction mechanistic domains is suggested for the
development and/or application of mechanistic
read-across and quantitative mechanistic models (QMMs; 18).
6. They should embrace a wide range of physicochemical parameters. In screening candidate
chemicals, an attempt was made to cover, to the
greatest possible extent, the range of physicochemical diversity relevant to skin sensitisers.
The molecular weight (MW), physical state
(solid, liquid), water solubility and octanol–
water partition coefficient (log Po/w), were considered for this purpose. However, it is recognised that fully meeting this challenge is beyond
the scope of this limited set of substances.
7. They should require activation before reacting
with proteins. It has been estimated that about
one third of skin sensitisers require either metabolic activation by skin enzymes (pro-hapten) or
biochemical activation (e.g. air oxidation), in
order to be transformed into a reactive species
able to bind to skin proteins (19). The inclusion
of these categories of sensitisers into the list was
deemed important for the preliminary evaluation of the ability of a test method to successfully
detect these substances.
Exclusion criteria
Compounds falling in one or more of the following
categories were not considered for inclusion:
1. Gases and highly volatile chemicals. Such chemicals present handling and testing difficulties.
Volatilisation of the test chemical from the exposure medium poses experimental problems. This
may result in a significant loss of the test
chemical and/or cross contamination of test concentrations, both of which can lead to interpretational errors.
2. Insoluble chemicals. Chemicals with water solubility of < 5mg/L were deliberately excluded, to
avoid the technical hurdles to obtaining the relevant concentrations in the plate wells.
3. Metals. Metals have been extensively characterised with regard to their skin sensitisation
potentials. They induce sensitisation through
mechanisms which are not similar to those of
the vast majority of organic chemicals. For this
reason, it was not considered of value to insist on
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their inclusion in a reference list against which
new methods should be calibrated.
4. Typical respiratory sensitisers. Being able to distinguish between skin and respiratory sensitisers could be a very important and interesting
feature of a new method. However, it would be
too demanding at the development stage of a test
method to expect this level of performance.
Moreover, most of respiratory sensitisers are
highly unstable (e.g. anhydrides and isocyanates), and degrade in contact with either
water or air. It is important to recognise that the
decision to exclude both metals and respiratory
sensitisers was made only in the context of collating an initial small set of substances for recommended use in the primary development of an
in vitro assay. It is probable that these two categories of substance will have to be appropriately
assessed during the later stages of the evaluation of a new test method.
5. High molecular weight chemicals (> 500Da). It
has been previously demonstrated (20) that it is
highly improbable that proteins and high molecular weight chemicals would penetrate the
intact epidermis, so they are therefore highly
unlikely to be capable of causing sensitisation
through the skin.

Reference Data Sources
Databases are available, which encompass a number
of substances with documented contact allergenic
properties in animals and/or in humans. The reference data source for the purpose of our selection was
a compilation of LLNA data (21), which contains
information on 211 chemicals. Such a database represents a unique source of in vivo data for skin sensitisers, having been generated by using an OECD
standard method which yields an objective, quantitative endpoint. Consequently, it is proposed as a reference list for the development, evaluation and
validation of alternative approaches for the assessment of skin sensitisation. We reviewed the LLNA
database, and, by applying the pre-defined criteria, a
short-list of 16 chemicals fulfilling the inclusion criteria was established. In this phase of identification of
the candidate chemicals, the positive and negative
controls recommended by the European Centre for
Ecotoxicology and Toxicology of Chemicals (ECETOC; 22) were taken into account, as well as the
chemicals selected as training compounds within the
EU integrated project, Sens-it-iv (23).

Reference Chemicals
The suggested 16 reference substances are listed in
Table 1. These consist of eight positive controls,

100-11-8

97-00-7

35691-65-7

107-22-2

149-30-4

104-55-2

137-26-8

4-Nitrobenzylbromide

2,4-Dinitrochlorobenzene (DNCB)

Methyldibromoglutaronitrile (MDGN)

Glyoxal

2-Mercaptobenzothiazole (MBT)

Cinnamal

Tetramethyl thiuram disulphide (TMTD)

97-54-1

97-53-0

104-54-1

Isoeugenol

Eugenol

Cinnamic alcohol

69-72-7

50-21-5

151-21-3

Salicylic acid (SA)

Lactic acid

Sodium lauryl sulphate (SLS)

288

90

138

92

134

164

206

108

240

132

167

58

266

203

216

217

solid

liquid

liquid

liquid

solid

liquid

liquid

solid

solid

liquid

solid

liquid

solid

solid

solid

solid

Physical
form

–0.72
1.6

1.00×105

2.26

–1.76

1.95

2.27

3.04

–0.3

1.73

1.9

2.42

–1.66

1.63

2.17

2.70 (est)

1.51 (est)

1.00×106

2240

1.00×106

6190

2460

356

3.70×104

30

1420

120

1.00×106

1280

8

72.6 (est)

1850

Water
solubility log
mg/L
Po/w

GPMT/
BT1
(Refs*)

14 (21)

NC (21)

NC (21)

NC (21)

21 (21)

13 (21)

1.2 (21)

0.16 (21)

5.2 (21)

3 (21)

1.7 (21)

1.4 (21)

0.9 (21)

0.06 (25)

0.05 (21)

– (44)

– (52)

– (52)

– (1)

+ (48)

+ (38)

+ (47, 48)

+ (38, 44)

+ (43)

+ (38, 41)

+ (37, 38)

+ (33)

– (31)

+ (1, 29)

+ (27)

0.003 (24) + (25)

LLNA
EC3
(Refs*)

– (40, 55)

– (53)

– (40, 51)

– (51)

+ (39, 50)

+ (39–42)

+ (39, 49)

+ (40,
45, 46)

+ (39, 40)

+ (39, 42)

+ (39, 40)

+ (34–36)

+ (32)

+ (30)

+ (28)

+ (26)

HMT/
HPTA2
(Refs*)

Neither reactive nor pro-reactive
domain/irritant

Neither reactive nor pro-reactive
domain/toxic

Neither reactive nor pro-reactive domain

Neither reactive nor pro-reactive domain

Probably/possibly Michael acceptor

Probably/possibly pro-Michael acceptor

Probably/possibly pro-Michael acceptor

Probably/possibly pro-Michael acceptor

SN2 reaction at the S-atom can be proposed

Michael acceptor and/or Schiff’s base former

Acyl transfer agent

Schiff’s base former

pro-Michael acceptor

SN2Ar electrophile

Electrophile-H-polar compound

Acyl transfer agent

Hypothetical chemical
reaction involved in the
sensitisation process

BT = Buehler test; CAS No. = Chemical Abstract Service Registry Number; (est) = estimated; GPMT = Guinea-pig maximisation test; HMT = human maximisation test;
HPTA = human patch test allergen; LLNA = local lymph node assay; MW = molecular weight; NC = not calculated. 1Results obtained from Guinea-pig maximisation test
and/or Buehler test. 2Results obtained from human maximisation test and/or human patch test allergen.*References given are not an exhaustive list.

56-81-5

Glycerol

Negative controls

106-50-3

Paraphenylenediamine (PPD)

Pre/pro haptens

15646-46-5

CAS No.

Oxazolone

Positive controls

Substance name

MW
(g/mol)

Table 1: Chemical structures, physicochemical parameters, in vivo data and mechanistic domains
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four chemicals requiring activation to act as sensitisers, and four negative controls. For each substance, the chemical name and the chemical
abstract service (CAS) number is reported, as well
as the main physicochemical properties: molecular
weight, physical state, water solubility and the
octanol–water partition coefficient. Moreover, the
in vivo references (21, 24–55), and the probable
chemical reactions involved in the sensitisation
process, are listed. The observed range of physicochemical properties for the reference set is reported
in Table 2.
Positive controls are chemicals that should be
detected as positive by any proposed in vitro skin
sensitisation test. Chemicals in this group are
extreme, strong and moderate sensitisers, according to the ECETOC potency classification proposal
(55), with EC3 values in the range of 0.003–5.2.
Among these, two aldehydes, namely cinnamal and
glyoxal, were deliberately selected, because they are
hypothesised to react via different reaction mechanisms.
Isoeugenol, eugenol, and cinnamic alcohol need
to be metabolised by cutaneous enzymes into
protein-reactive species (pro-haptens), whereas
p-phenylenediamine (PPD) requires a physicochemical reaction to be transformed into a reactive species. It is assumed that any alternative
method would have the capacity to correctly identify them as skin sensitisers. The inclusion of such
chemicals in the reference list will allow for an
early appreciation of the extent to which the test
system is able to metabolically activate inert substances.
As indicated in Table 1, the suggested 12 positive controls are all positive in standard in vivo
predictive tests, with the exception of methyldibromoglutaronitrile (MDGN) in the guinea-pig
tests. Furthermore, for most of them, there is convincing human evidence that they should be
regarded as significant skin sensitisers, oxazolone
being the exception. MDGN, PPD, cinnamal,
cinnamic alcohol, isoeugenol, eugenol, tetra methylthiuramdisulphide (TMTD) and mercaptobenzothiazole (MBT) are well recognised clinical
allergens. MDGN is an important preservative

Table 2: The range of the physicochemical
properties covered by the selected
chemicals

Physicochemical properties

Observed range

Molecular weight
log Po/w
Water solubilitya

58 to 288
–1.76 to 3.04
100 to 106 mg/L

aMeasured

at temperatures ranging from 19 to 25°C.
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allergen (32); PPD is the most important hair-dye
allergen (45); TMTD and MBT are well recognised
rubber chemical allergens, being key agents which
are used diagnostically in the thiuram mix and
mercapto mix, respectively (39); the other four
substances mentioned are common fragrance
allergens, being part of the standard test series
known as Fragrance Mix 1 (39). Dinitrochlorobenzene (DNCB) has been used for many years as
an experimental human sensitiser (30); skin sensitisation in humans to glyoxal has been reported,
and, although less common generally, it appears
to be significant in relation to the modest scale of
exposure (34, 35); for 4-nitrobenzylbromide, there
have only been isolated case reports (summarised
in 28), but again, given the very modest scale of
exposure, these serve to confirm the significant
hazard. In addition, it is worth noting that, for
most of these positive chemicals, there is also evidence of skin sensitising activity that has been
derived from historical human predictive assay
results, as is indicated in the Table.
The negative controls are chemicals with no
reported skin sensitisation potential; indeed, glycerol was mentioned as a potential vehicle for use in
the GPMT (1). Among these, lactic acid is slightly
toxic and corrosive, and sodium lauryl sulphate
(SLS) is a substantial skin irritant, which is characterised as a false positive in the LLNA (note that it
is by no means clear that its irritant activity is the
reason that it is a false positive). These chemicals
have been selected, in order to assess the ability of
a method to distinguish between sensitisers and
irritants or toxic compounds. Consequently, it is
interesting to ask whether there is substantive
human evidence that, even with the occurrence of
considerable exposure, these substances fail to
cause skin sensitisation. For SLS, its overwhelming
use for decades, as a classical skin irritant in clinical testing of many kinds, without any concomitant
evidence of skin sensitisation, is probably reason
enough (54). Similarly, for glycerol, skin exposure
has been a common occurrence via its use as a
humectant and potential anti-irritant in skin care
products; no cases of skin sensitisation have been
reported. For lactic acid, which is both a sensory
and physically irritant substance at high concentrations, skin exposure is generally rather lower, but
again, no evidence of human skin sensitisation
could be found. However, of these selected negatives, salicylic acid is perhaps the most interesting.
It has widespread use at high concentrations (up to
40%) in a variety of topical medicaments (reviewed
in 51); skin sensitisation has been reported, but is
so rare in relation to the substantial exposure that
this substance must be regarded as a skin sensitiser
which is too weak to classify. Confirmation of this
view comes from the finding that the material was
negative at high concentrations in the human maximisation test (40).
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Summary
5.

There is a general, indeed pressing, need to develop,
validate and bring into common use alternative
methods to obviate the use of animals in toxicity
testing. Specifically in the field of skin sensitisation,
considerable investments are being made, at both
the industry and university levels, in the development of alternative approaches to incorporate novel
biomarkers or to enhance the functioning of existing models. In the development and/or optimisation
phases of a method, the testing of reference chemicals with well characterised responses in predictive
in vivo tests, would allow for an early appreciation
of the utility of a method. More specifically, challenging a method with the same set of chemicals
would facilitate the assessment of its possible contribution to an integrated testing approach. With
such a small number of substances, the limited feasibility of fully representing the chemical and biological diversity of known chemical (skin) allergens
is acknowledged. However, an attempt was made to
cover, as much as possible, the range of known
potencies for skin allergens, and to reflect the variety of physicochemical and reaction mechanisms
involved in the sensitisation process. Furthermore,
chemicals known to require biotransformation or
other types of activation were included in the list, in
order to evaluate the potential of the test system to
detect them correctly. It is acknowledged that other
chemical sets also might be appropriate for test
development purposes. However, it was deemed
important both to make public this recommendation and to encourage the use of a core set. It is
therefore proposed that these selected substances
are used as reference compounds for the primary
development of new tests, or for the improvement
of existing tests. In our view, a test that is able to
correctly identify these chemicals should be considered very promising and worthy of further evaluation.
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