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The local lymph node assay (LLNA) is the assay of choice in European regulatory toxicology. As with other
toxicology/sensitisation assays, it has a potential for false results, the anionic surfactant sodium lauryl
sulphate (SLS) representing a classic example. In the work reported here, examples of false positives in
the LLNA are compared to published ‘‘benchmarks” such as SLS. Clear false positives (e.g. oleic acid)
are also contrasted with examples where data interpretation is more challenging. As the LLNA will be
applicable to >30,000 chemicals under REACH, and in the light of animal welfare considerations to do
no more than the absolute minimum of animal testing, results from a single LLNA often represent the
only available data on sensitisation. This reinforces the need to ensure data from this assay are inter-
preted intelligently, using scientific analysis of results and considering the weight of evidence, before
decisions are made on which substances should be classified as representing a skin sensitisation hazard.
In chemical classes where the LLNA has been shown to be an inappropriate assay other standardised
methods (e.g. the Buehler or Magnusson and Kligman guinea pig tests [OECD 406]) should be employed
as the first choice assays.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

The local lymph node assay (LLNA) was developed as an alter-
native to the long standing guinea pig assays (OECD 406; Magnus-
son and Kligman or Buehler assays) used for the detection of
potential skin sensitising chemical hazards (Kimber and Basketter,
1992; Kimber et al., 1994, 2002; Basketter et al., 2007a,b,c). Follow-
ing its formal validation in the EU (Balls and Hellsten, 2000) and
the USA (Dean et al., 2001), it was adopted as a complete alterna-
tive test method within the European Union (EU, 2004) and via its
acceptance as Organisation for Economic Cooperation and Devel-
opment (OECD) Test Guideline 429 (OECD, 2002). Furthermore,
due to its technical and animal welfare advantages over the guinea
ll rights reserved.

. Basketter).
pig tests, the LLNA has been promoted as the method of first
choice, initially by the United Kingdom (UK HSE, 2002) and subse-
quently within new legislation, Registration, Evaluation, Authori-
sation and restriction of Chemicals (REACH), in the EU
(Commission of the European Communities, 2006). This relatively
high profile of the LLNA has been supported also by the reporting
of good experience with the assay by regulatory groups (Cockshott
et al., 2006; McGarry, 2007; Oberemm et al., 2008).

As might be expected when a new toxicology assay finds
increasing use post-validation and acceptance, the experience
gained with the assay expands exponentially. This experience, lar-
gely deriving from testing a much wider range of industrial chem-
ical classes, has probed areas of applicability not fully evaluated
during the formal validation of the LLNA, and serves to highlight
both strengths and potential areas of weakness. For example, the
pesticide industries are required to assess aqueous formulations,
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an area which received little examination during validation. Their
data suggests that, as indicated in OECD 429, wholly aqueous sys-
tems offer technical challenges (e.g. poor retention on skin) to the
LLNA which demand some effort to overcome (Ryan et al., 2002;
Woolhiser et al., 2007). In addition, as expressed in OECD 429
the LLNA may not be suitable to test irritants. Furthermore,
although approximately 200 chemicals were tested during the ori-
ginal validation, some categories of substances were not well rep-
resented, e.g. surfactants, and others were not represented at all,
e.g. fatty acids. A number of these issues have been the subject
of a recent review by the Interagency Coordinating Committee
for the Validation of Alternative Methods (ICCVAM) in the USA
(Interagency Coordinating Committee for the Validation of Alter-
native Methods, 2008).

However, a major issue of debate for the LLNA (indeed for most
toxicology assays) is the degree to which the assay is associated
with false positive and false negative outcomes. More than 10
years ago, a description of the topic, with examples of both the re-
sponses to a range of irritants in the LLNA and exposition of a strat-
egy for the identification of potential false positives was published
(Basketter et al., 1998). This has been followed more recently by
several publications dealing with the topic from a largely theoret-
ical viewpoint (Basketter et al., 2006; Basketter and Kimber, 2007)
and/or proposing the use of benchmark data as a guide to correct
interpretation of problematic data (Basketter, 2008). Others have
been able to produce limited datasets to exemplify the issue, giving
examples of chemicals which might be regarded as false positive in
the LLNA (Vohr and Ahr, 2005). Very recently, a more collated set
of data discussing this point with a focus on fatty acids as well as
surfactants and related chemicals have been reported (Kreiling
et al., 2008; Mehling et al., 2008).

The underlying problem is that all of the material which is re-
lated to the question of false positives and false negatives requires
that the whole of the scientific evidence is carefully evaluated and
a weight of evidence decision is made on the presence or absence
of skin sensitisation hazard, which often will require an element of
expert judgement (Basketter, 2008). To date, this has not been well
accepted by regulatory agencies, but within the REACH legislation
as well as in the Global Harmonisation Scheme (GHS), there is a
requirement that classification decisions are taken on a weight of
evidence (Globally Harmonised System of Classification and Label-
ling of Chemicals, 2007). Accordingly, in this present work, data-
sets on several chemicals are reviewed in the context of
regulatory hazard classification to exemplify how such decisions
might be made, but with emphasis on the identification of false
positives. Critical in this analysis is that such classification deci-
sions aim to distinguish significantly sensitising chemicals from
those which are either non-sensitising or which lack significant
sensitising potential (Commission of the European Communities,
2006; Basketter, 2008; Globally Harmonised System of Classifica-
tion and Labelling of Chemicals, 2007). Whether a substance is to
be classified as a sensitiser is largely determined by a defined min-
imum number of animals showing positive responses in compari-
son to vehicle-treated control animals in methods accepted by
regulators (e.g. OECD 406; OECD 429). The outcome of the use of
weight of evidence shows that, as with all toxicology assays, false
positive and false negative results can and do occur with the LLNA
(Basketter et al., 2009).

2. Materials and methods

2.1. Guinea pig tests

These procedures were carried out according to OECD Test
Guideline 406 (Organisation for Economic Cooperation and Devel-
opment, 1992). Individual test details are contained in the appro-
priate table for each chemical and include commentary on any
deviation from the standard protocol. Historical details can be ac-
cessed for the Buehler test (Buehler, 1965) and for the guinea pig
maximisation test (GPMT) (Magnusson and Kligman, 1970). Nor-
mally, for a substance to be judged positive in the Buehler test at
least 15% of tested guinea pigs must have positive skin reactions
after challenge with the substance. For the GPMT, at least 30% of
the guinea pigs are required to have positive skin reactions after
challenge before a substance is considered to be positive.

2.2. Local lymph node assay

This method was carried out according to OECD Test Guideline
429 (Organisation for Economic Cooperation and Development,
2002). Individual test details are contained in the appropriate table
for each chemical and include commentary on any deviation from
the standard protocol. Normally a substance is considered positive
if there is a 3-fold or greater increase in tritiated thymidine incor-
poration into the auricular lymph nodes of test animals compared
to those of the concurrent vehicle-treated control group in the
induction phase. Where data is sufficient, the dose response has
been used to determine the threshold positive concentration, the
EC3 value, using the approach published (Basketter et al., 1999).

2.3. Substances tested

These were all commercial grade raw materials (i.e. the grade of
chemical upon which testing is required to be carried out to meet
EU regulations). For commercial reasons, the exact chemical struc-
tures are not disclosed, but they comprise glyceryl thioglycolate,
oleic acid and an oleic acid ester, two fatty alcohols and a polyami-
nofunctional siloxane. These materials were supplied by the
authors’ companies.

2.4. Data analysis

This was carried out using the weight of evidence approaches
described in various regulations (Commission of the European
Communities, 2006; Globally Harmonised System of Classification
and Labelling of Chemicals, 2007), which suggest that data from all
available sources should be integrated (ECHA, 2008, pp. 256–288)
as well as in the light of the advice published by expert groups
(Cockshott et al., 2006; McGarry, 2007; Basketter et al., 1998,
2006; Basketter and Kimber 2007; Basketter, 2008; Kligman and
Basketter,1995; Frankild et al., 1996; Schlede and Eppler, 1995).
The final conclusion based on this type of analysis lead to a deci-
sion on whether the substance should be classified as a skin sensi-
tiser and would thus merit the risk phrase R43: May cause
sensitisation by skin contact (EC, 2001). It should be noted how-
ever that the intent of this analysis is not to promote specific clas-
sification decisions on these substances, but rather to exemplify
the critical analysis which is generally necessary to evaluate skin
sensitisation potential.

3. Results and discussion

Each of the substances has been considered in turn and where
possible, evidence of the quality of the test procedure noted, pay-
ing particular attention to any data from positive controls. For
example, the sensitivity of the LLNA can be demonstrated using a
positive control substance, e.g. hexyl cinnamic aldehyde, and
deriving an EC3 value to show the assay has been conducted with
an appropriate degree of sensitivity (Basketter et al., 2007a,b,c).
The LLNA assesses the induction/sensitisation phase of allergic
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responses only via incorporation of radiolabelled thymidine into
the regional lymph node. The guinea pig tests assess both the
induction/sensitisation phase and the elicitation phase of allergic
responses via visual assessment of skin reactions following chal-
lenge with the test substance. The protocol according to Magnus-
son Kligman also incorporates an intradermal induction step in
order to overcome the skin barrier. This step also entails use of a
powerful adjuvant to create conditions conducive to sensitisation.
It should be noted that newer test methods designed to differenti-
ate between irritant and sensitization responses, e.g. B220 ratios
(Betts et al., 2007), were not applied to these examples as the tests
were performed prior to the development of these tests. Further-
more, they are still in the development phase and have other con-
straints, e.g. evaluation of the B220 ratio can usually only be
performed if non-radioactive methods are used in the LLNA, rele-
vant threshold scores are still being evaluated and a sufficient
number of chemicals has still not been tested. In the following
examples, discordant results in the two tests are discussed. In mak-
ing a judgment on the weight of evidence, while it is accepted that
the biological data should take precedence, emphasis is placed also
on the chemistry.

3.1. Sodium lauryl sulphate

Before exploring the specific results in detail, it is worth
remembering the response in the LLNA obtained with the anionic
surfactant sodium lauryl sulphate (SLS) (Loveless et al., 1996).
SLS is widely used in cosmetics and household products, with the
highest concentration of 50% used in non-colouring shampoos
(CIR, 2005). Due to its moderate/strong irritant properties, it is rou-
tinely used by dermatologists and others as a positive control in
human patch testing for irritants. SLS is not a human skin sensitis-
er. The basis for this conclusion came from experience from its
widespread use in consumer products and negative guinea pig
and human data (Magnusson and Kligman, 1970). Loveless et al
(1996) tested SLS the LLNA at concentrations up to 20% in and
showed a positive dose response which exceeded the 3-fold crite-
rion for identification of a skin sensitiser (at 20%, the stimulation
index was in the region of 4–8). Were this information submitted
today for review by a regulatory authority it is certainly possible
that SLS could be classified as a skin sensitiser solely on the basis
of the positive LLNA results as this is the preferred method. How-
ever, SLS is widely regarded as a true false positive in the LLNA
since it is well recognised as a non-sensitising, but is known as a
classic and relatively strong skin irritant (reviewed in Basketter,
2008; CIR, 1983). A number of reports have provided evidence that
irritancy augments the induction response and/or can sometimes
lead to non-specific proliferation responses in the LLNA (Montelius
et al., 1998; Woolhiser et al., 1998; Basketter et al., 2007a,b,c).
Thus, SLS provides an excellent benchmark against which to judge
other chemicals which are significantly irritating and give rela-
tively low stimulation indices in the LLNA.
Table 1
Sensitisation test data for fatty acid glutamate.

Buehler testa concentrations and results LLNA testb concentration and results

Induction patch 50% in water % in water Stimulation index
Challenge patch 50% in water

Challenge 1 result 13/20 (65%) positive 25 1.8
50 1.2
100 4.8

a Mercaptobenzothiazole positive control gave a 100% positive response at 0.03%.
b Hexyl cinnamic aldehyde positive control gave an EC3 value of approximately

8%.
3.2. Fatty acid glutamate

The detailed information on this substance is contained in Table
1. This substance was assessed in a Buehler test, using very high
induction and challenge concentrations. At challenge, 65% of the
guinea pigs were judged positive. Rechallenge results confirmed
this outcome (data not shown). In the LLNA, the same substance
gave a very weakly positive result only when tested undiluted
and with no evidence of a dose response. The sensitivity of the
LLNA was demonstrated by concurrent conduct of a positive con-
trol substance, hexyl cinnamic aldehyde which produced an EC3
value of about 8%, entirely consistent with the values indicated
by other laboratories (Dearman et al., 2001). Although some evi-
dence of skin irritation was noted in the top dose group of the
LLNA, the generally low irritant potential of this type of substance
renders it difficult in the face of the guinea pig evidence to regard
the LLNA result as a false positive irritant. The LLNA results could
be interpreted as being negative due to lack of a response other
than at the highest dose at which irritation was also observed.
The fact that the responses were seen at very high concentration
and the absence of structural alerts (i.e. chemical substructural ele-
ments known to be associated with skin sensitisation—Langton
et al., 2006) with this general type of chemical suggests that the
positive responses are most likely due to a low level sensitising
impurity. Analytical work and challenge with purified fatty acid
glutamate in the guinea pig maximisation test revealed this to be
the case. Due to animal welfare laws now in place, these experi-
ments would be difficult to repeat.

3.3. Glyceryl thioglycolate

The detailed information on this substance is contained in Table
2. This substance was assessed in a GPMT at very high concentra-
tions, but with no evidence of reactions in any of the 20 test ani-
mals (nor in the 10 controls). In contrast, in the LLNA glyceryl
thioglycolate produced a very clear positive dose response, with
even the lowest dose tested (10%) clearly exceeding the 3-fold cri-
terion for positivity. In this case therefore, the results from the
tests appear to be in conflict. A first question must be whether
either of the tests might be regarded as invalid or at least inade-
quate for any reason. The GPMT does not have the benefit of any
concurrent positive control data to assess its quality, neither does
the LLNA, although careful examination of the test reports does not
reveal any evidence of a failure to follow the proper protocol (data
not shown). However, two other considerations can be applied.
Firstly, glyceryl thioglycolate is a reactive chemical, chosen specif-
ically for its ability to act as a reducing agent, particularly for appli-
cation in hair styling and/or hair removal. Reactive chemistry in a
substance of this molecular weight would be consistent with a po-
sitive skin sensitisation result. This is then supported by the second
consideration, clinical evidence, where reports of both occupa-
tional and consumer sensitisation to glyceryl thioglycolate exist
(Guerra et al., 1992; Storrs, 1984; Conde-Salazar et al., 1995).
Whilst the clinical evidence might be insufficient by itself to trigger
Table 2
Sensitisation test data for glyceryl thioglycolate.

GPMT concentrations
and results

LLNA test concentration
and results

Induction injection 2.5% % in acetone/olive oil
(4:1, v/v)

Stimulation
indexInduction patch 50%

Challenge patch 100%

Challenge 1 result 0/20 (0%) 10 8.0
25 14.0
50 31.1
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classification of this substance as a skin sensitiser, it adds to the
argument on reactive chemistry and fits well with the positive
LLNA data. Thus, the weight of evidence considered here for glyc-
eryl thioglycolate is that it would be classifiable as a skin sensitiser,
meaning that the GPMT result is actually a false negative.

3.4. Oleic acid

The detailed information on this substance is contained in Table
3. Oleic acid was tested in the GPMT at very high concentration,
with challenge at 1% demonstrating absolutely no evidence of skin
sensitisation. A positive control GPMT using hexyl cinnamic alde-
hyde demonstrated that the procedure was of an acceptable degree
of sensitivity (Table 2). In contrast, the LLNA with oleic acid gave a
modest positive dose response at all three test concentrations. A
concurrent positive control study with hexyl cinnamic aldehyde
confirmed the validity of LLNA test conduct, giving a response
within the normal range. So, as with glyceryl thioglycolate, the re-
sults from the two predictive tests are in conflict. The GPMT was
carried out using an upper limit concentration of 5% for induction
injection which can be argued to conflict with OECD Guideline
requirements (OECD, 1992) but is nevertheless in line with com-
mon regulatory test practice (Schlede and Eppler, 1995). Also, it
is a little surprising that whilst 100% oleic acid could be used for
the induction patch, only 1% was used for the challenge patch. Nev-
ertheless, although these represent a potential criticism of the as-
say, the concentrations were fully justified in the report, positive
control data were acceptable and the result was unequivocally
negative, i.e. 0%, not just some degree below the 30% classification
limit. Interestingly, use of higher challenge concentrations in a sep-
arate GPMT reported on a different sample of oleic acid had led to
confounded data (Kreiling et al., 2008). What of other evidence?
Unlike glyceryl thioglycolate, oleic acid is not a protein reactive
chemical (although still of a molecular weight which would allow
skin penetration), which is fully consistent with the outcome of the
GPMT. Oleic acid is an endogenous fatty acid present in many ani-
mal and vegetable products, for example olive oil. It has been used
in cosmetics for decades with concentrations used ranging up to
20% (CIR 2006). Oleic acid was evaluated by the US agency Cos-
metic Ingredient Review (CIR) and was not considered to be a sen-
sitiser (CIR, 2006). Clinical data on irritant/allergic contact
dermatitis from oleic acid is largely lacking, but it is of interest that
oleic acid has been recommended as part of skin lipid mixture for
clinical treatment of this type of skin condition, as well as for treat-
ment of chronic atopic dermatitis (Berardesca et al., 2001). This ar-
gues particularly strongly for an absence of sensitising effects. As
already indicated, oleic acid is not irritating to any great degree,
so there is not really an option here to explain the result as an
irritant false positive, as would be done for the more strongly
Table 3
Sensitisation test data for oleic acid.

GPMTa concentrations
and results

LLNAb test concentration
and results

Induction injection 100% % in acetone/olive
oil (4:1, v/v)

Stimulation
index

Induction patch 100%
Challenge patch 1% in PEG300c

Challenge 1 result 0/10 (0%) 25 3.4
Challenge 2 result 0/10 (0%) 50 5.7

100 6.5

a Hexyl cinnamic aldehyde positive control gave a 40% positive response to
challenge at 10%.

b Hexyl cinnamic aldehyde positive control gave an EC3 value of approximately
8%.

c PEG = polyethylene glycol.
irritating anionic surfactant sodium lauryl sulphate, even though
the level of proliferative response is somewhat similar (Basketter,
2008). Nevertheless, the weight of evidence here must be that
the LLNA has delivered a false positive and that oleic acid should
not be regarded as a skin sensitiser.

3.5. Oleic acid ester

The detailed information on this substance is contained in Table
4. The GPMT gave a 0% positive result following induction and
challenge at very high concentrations. However, the interpretation
was made complex by grade 1 reactions occurring in every control
as well as every test animal at challenge 1 (data not shown).
Rechallenge at 15% still produced scattered grade 1 reactions in
test and control, but at 10% controls were clear as were the test
group, hence the straightforward conclusion that no animals were
in fact sensitised. Given the relatively low irritancy of this chemi-
cal, the LLNA was conducted at concentrations from 25% to 100%,
the same as used for oleic acid itself, and indeed the result was also
similar, a partial dose response with the two highest concentration
exceeding the 3-fold threshold, meaning the LLNA was positive.
The concurrent positive control, hexyl cinnamic aldehyde, was
the same as that for the oleic acid LLNA. Again, the two test results
are in conflict, but weighing additional considerations leads readily
to the conclusion that the LLNA must represent a false positive. An
ester of a fatty acid is no more a reactive organic chemical than the
fatty acid from which it was derived and this is borne out by a clear
negative result from a GPMT conducted at high concentrations and
which should not be overridden by a slight LLNA positive result.
Clinical evidence of dermatitis from oleic acid esters is lacking,
but given their use in cosmetic products, this does represent con-
sistent evidence that oleic acid esters are not significant skin sen-
sitisers. Thus the weight of evidence is that oleic acid ester is not a
classifiable skin sensitiser and the result of the LLNA has to be re-
garded as a false positive.

3.6. Fatty alcohol 1

The detailed information on this substance is contained in Table
5. The GPMT gave a positive response rate of 20% to challenge at
100%, a result which was confirmed by rechallenge at 60% in one
of the two animals positive at first challenge. Recent positive con-
trol data obtained with mercaptobenzothiazole confirmed the
quality of test conduct. The LLNA, also carried out at high concen-
trations, showed weak positive responses at all concentrations, but
with no more than partial evidence of a dose response. The positive
control data for the LLNA used p-phenylenediamine at 1%, which
gave a stimulation index of 4.0. Given that experience shows PPD
to be a potent allergen, with an EC3 value of around 0.1%, this
Table 4
Sensitisation test data for oleic acid ester.

GPMTa concentrations
and results

LLNAb test concentration
and results

Induction injection 100% % in acetone/olive
oil (4:1, v/v)

Stimulation
index

Induction patch 100%
Challenge patch 25% in PEG300c

Challenge 1 result 0/10 (0%) 25 2.8
50 5.2
100 4.7

a Hexyl cinnamic aldehyde positive control gave a 40% positive response to
challenge at 10%.

b Hexyl cinnamic aldehyde positive control gave an EC3 value of approximately
8%.

c PEG = polyethylene glycol.



Table 5
Sensitisation test data for fatty alcohol 1.

GPMTa concentrations
and results

LLNAb test concentration
and results

Induction injection 5% in salinec % in acetone/olive
oil (4:1, v/v)

Stimulation
index

Induction patch 100%
Challenge patch 100%

Challenge 1 result 2/10 (20%) 25 3.1
50 4.8
100 4.4

a Mercaptobenzothiazole positive control gave a 80% positive response to chal-
lenge at 15%.

b p-Phenylenediamine positive control at 1% gave a stimulation index of 4.0.
c Isotonic saline.
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degree of proliferation seems rather lower than might normally be
expected (Basketter et al., 2007a,b,c). In this case, the results are
consistent in the sense that both indicate a limited degree of skin
sensitising activity, but they differ in that the GPMT outcome is be-
low the classification threshold, i.e. is not sensitising, whereas the
LLNA result is above it. Fatty alcohols are not chemicals associated
with significant degree of allergic contact dermatitis, although it is
not unknown. Given their use in medicaments, as well as cosmetic
and household products, this is consistent with them possessing
either no sensitising capacity, or possessing it only to a very limited
degree. Where fatty alcohols are reported to be cause of allergic
contact dermatitis, classically it is represented by cetostearyl alco-
hol allergy in association with stasis ulcers, but is also occasionally
reported with other fatty chain lengths (Rademaker et al., 1997;
Andersen and Broesby-Olsen, 2006). This provides reassurance,
that even uncommon allergens are frequently discovered by clini-
cal investigators, strengthening the observation of the absence of
evidence for fatty alcohols being sensitizers. Consequently, in the
absence of any further data, then the balance of regulatory judge-
ment might well be that this material should be classified as a skin
sensitiser, the positive LLNA (even in the absence of a dose re-
sponse, but noting the weak positive control data) adding to the
below classification threshold GPMT result. However, it is also
important to consider the information below on a second example
of this class.

3.7. Fatty alcohol 2

The detailed information on this second fatty alcohol (and
which is of closely similar chemical structure to the first) is con-
tained in Table 6. In this case, the GPMT was carried out with a
higher induction concentration than the previous example and
the very limited irritancy seen also meant that 10% SLS pretreat-
ment had to be used prior to the induction patch. Nevertheless,
Table 6
Sensitisation test data for fatty alcohol 2.

GPMTa concentrations
and results

LLNAb test concentration
and results

Induction injection 30% in salinec % in acetone/olive
oil (4:1, v/v)

Stimulation
index

Induction patch 100%
Challenge patch 100%

Challenge 1 result 0/10 (0%) 25 2.2
50 2.7
100 4.1

a Formaldehyde positive control gave a positive response to challenge at 10%.
b Hexyl cinnamic aldehyde positive control gave an EC3 value of approximately

15%.
c Isotonic saline.
the result was entirely negative. In contrast, the LLNA was positive
only at the highest (100%) concentration tested and with a modest
dose response. The same positive controls applied to these tests as
to the previous fatty alcohol discussed above. When considered in
isolation, the data for this second fatty alcohol are partly in conflict,
but the high exposure levels in the GPMT, the limited dose re-
sponse in the LLNA which was only positive at 100% and the lack
of association of this chemistry with reactivity or with a common
clinical history would balance towards non-classification as a skin
sensitiser. Taken together with the information on the fatty alcohol
1, it is possible to speculate that this might be an indication of a po-
tential sensitising impurity, but it is perhaps a better indication
that this class of material may be a true false positive in this LLNA.
Although the first fatty alcohol did give a low level of response in
the GPMT, it must be remembered that the LLNA threshold for pos-
itivity was set up to be equivalent to classification thresholds in the
GPMT and Buehler tests. Therefore a substance which is not classi-
fied as a sensitiser in a well conducted GPMT ought generally to be
negative in the LLNA. Fatty alcohols have a long history of safe use
in cosmetics along with the extensive OECD SIDS evaluation of long
chain fatty alcohols in which the panel stated that these alcohols
are not sensitisers (OECD, 2006). Comparative patch testing with
an exemplary fatty alcohol, myristyl alcohol, in two centres re-
vealed that a considerable number of doubtful reactions due to irri-
tation and not sensitisation develop at concentrations of 10%
(Geier et al., 2006). This group also stated that the complete lack
of clinical relevance also demonstrates that the reactions observed
are of irritant nature and not weakly allergic reactions. Combined
with other inputs from chemistry, e.g. lack of structural alerts
and low reactivity and other clinical experience, the discordances
within and between these two fatty alcohol datasets, generally
should balance away from regulatory classification.

3.8. Polyaminofunctional siloxane

The detailed information on the last substance to be considered
is contained in Table 7. The GPMT was conducted following stan-
dard guidelines and practices that included pre-test evaluation to
determine appropriate dose concentrations. The challenge dose le-
vel was set at 15% test article in olive oil due to the irritancy ob-
served at higher concentrations. The irritancy observed in this
GPMT study is consistent with the irritancy potential observed in
previously conducted eye and skin irritancy studies with this sub-
stance. Sensitization was not observed in this GPMT employing
mild-moderate irritating and non-irritating dose levels at induc-
tion and challenge, respectively. In sharp contrast, the LLNA gave
a clear positive dose response, with the 2 higher concentrations
producing substantial increases in the stimulation index compared
to concurrent vehicle-treated controls. In this case, the 1% PPD po-
sitive control used for the LLNA gave a stimulation index of 12.1, in
Table 7
Sensitisation test data for siloxane.

GPMTa concentrations
and results

LLNAb test concentration
and results

Induction injection 5% in olive oil % in acetone/olive
oil (4:1, v/v)

Stimulation
index

Induction patch 75% in olive oil
Challenge patch 15% in olive oil

Challenge 1 result 0/10 (0%) 5 1.6
10 3.5
25 18.9
50 22.8

a 2-Mercaptobenzothiazole positive control gave a 90% (24 h reading) and 100%
(48 h reading) positive response to challenge at 10% in mineral oil.

b p-Phenylenediamine positive control at 1% gave a stimulation index of 12.1.
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line with published data (Warbrick et al., 1999). Consequently, rec-
onciling these contradictory datasets is more challenging. Evalua-
tion of this irritant within the LLNA demonstrated marked
increases in ear thickness and hair loss at the application site at
the two highest dose levels (25% and 50%) and a marginal increase
in ear thickness at 10%. In concert, the stimulation index increased
in a dose response manner with values of 1.6, 3.5, 18.9 and 22.8 for
the dose levels of 5%, 10%, 25% and 50%, respectively. Irritancy re-
mains as a confounding characteristic regardless of the assay
methodology for skin sensitization and in this situation one cannot
be certain what role it plays in this particular assay. The relatively
high concentrations used in the GPMT and the increases in ear
thickness in the LLNA at high concentration are consistent with
no more than a moderate degree of irritation potential, so the po-
sitive LLNA outcome, at least above the 10% concentration, cannot
be explained in the same way as SLS, that is, a false positive due to
irritancy. Taking a weight of evidence approach one may consider
the lack of a sensitization response in the GPMT at the 15% concen-
tration, the irritancy potential, as well as the lack of structural
alerts for skin sensitization, as sufficient evidence to consider the
LLNA assay result a false positive, or at least equivocal with regard
to assessing the sensitization potential of this polyaminofunctional
siloxane. Furthermore, based on its molecular structure, the sub-
stance is regarded as being unreactive and of a molecular weight
that is not likely to readily penetrate skin. The current findings
highlight the importance for defining appropriate test method
strategies as well as applying a weight of evidence approach for
assessing a material’s potential skin sensitization hazard. There is
no evidence that this type of siloxane has been associated with
any degree of occupational or consumer allergic contact dermatitis,
so ultimately, this particular siloxane probably does not possess
significant skin sensitisation hazard potential, but such a conclu-
sion for an entirely unknown chemical would be difficult.

4. Summary

Correct conclusions on the regulatory hazard classification of
skin sensitising chemicals can only be made by a careful and scien-
tific consideration of the weight of all the evidence. The material
presented here shows that it is unwise to make a definitive assess-
ment from any single piece of information as no individual assay or
other assessment, e.g. based on structural chemistry, is 100% accu-
rate on every occasion (Table 8). This means that from time to time,
one piece of conflicting data has to be set aside; this may be a LLNA
or GPMT result, it may be the absence of a structural alert or some-
thing else. Furthermore, it may be necessary to do this even though
it is not possible to arrive at a convincing explanation of why the
conflicting data may be a false positive or a false negative (but a
potential impetus for investigative work).
Table 8
Summary of weight of evidence judgment on sensitising potential compared to
results of individual tests.

Substance Sensitising results* Weight of evidence judgment for
classification as skin sensitising

GPMT LLNA

Fatty acid glutamate
with impurity

Positive Negative Should be classified

Glycerol thioglycolate Negative Positive Should be classified
Oleic acid Negative Positive Not classified
Oleic acid ester Negative Positive Not classified
Fatty alcohol 1 Negative Positive Not classified
Fatty alcohol 2 Negative Positive Not classified
Polyaminofunctional

siloxane
Negative Positive Not classified

* Results of tests given in more detail in Tables 2–7.
It has to be recognised that, at least in the EU, new chemicals
legislation (REACH) in combination with animal welfare require-
ments, will normally mean that only a single skin sensitisation test
is completed, and that, unless there is an adequate scientific justi-
fication, this test must be the LLNA. This raises two questions:
what represents a scientific justification for using a test method
other than the LLNA?; what other information contributes to the
weight of evidence? To address the first of these, then clearly an
important component of the scientific rationale for not conducting
a LLNA is likely to include evidence, such as that in this paper and
in other publications (Vohr and Ahr, 2005; Kreiling et al., 2008),
that the type of chemistry being evaluated is known not to be cor-
rectly assessed in this assay. This may also be the case when test-
ing certain subsets of chemicals that are irritants (OECD 429;
Montelius et al., 1998; Woolhiser et al., 1998). It may well also
be the case that this type of chemistry was not used in the original
validation dataset (Dean et al., 2001) and/or that a suitable vehicle
cannot be found (Dean et al., 2001; OECD, 2002).

Which brings us the general question of weight of evidence, as
for many individual chemicals there may only be data derived from
a single LLNA. To the LLNA output should be added insights from
our knowledge of structure–activity relationships and information
from the general class of chemistry. Both of those will exist for
many of the thousands of chemicals to be assessed within REACH.
Only for a limited number will there be significant evidence from
human exposure, but where this is available and of good quality,
it also should contribute substantially to the determination of
the presence (or absence, if exposure has been substantial) of skin
sensitisation hazard. Furthermore, where possible, the information
should be supplemented by data on impurities or monomeric res-
idues, since the latter may sometimes provide the explanation for
weak sensitisation responses, as in the present case with fatty acid
glutamate. Of course, it must be the case that where a weight of
evidence is used, then the information and rationale involved must
be justified and properly documented and the material in this pa-
per illustrates the approach to this.

Ultimately, skin sensitisation tests, as all other toxicology as-
says are imperfect reflections of the reality of human toxicology.
Validation indicated that the LLNA, when correlated to the guinea
pig sensitisation tests, approached not more than a 90% level of
accuracy and tests in either species performed less well than this
in terms of prediction for humans (Dean et al., 2001). This means
that they will be incorrect on a proportion of occasions and more
so with individual classes of chemistry for which they are, for
whatever reason, demonstrated to be poor predictors. Given the
prominence of the LLNA in REACH, this does represent a situation
in which those responsible for making both the type of regulatory
hazard assessments discussed here, as well as assessments for
occupational and/or consumer safety, should ensure that they are
fully cognizant of all factors and use the weight of evidence ap-
proach when limited information is available (Basketter et al.,
2007a,b,c; Gerberick et al., 2005; Basketter and Kimber, 2006;
Api et al., 2008).
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