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DOES IRRITATION POTENCY CONTRIBUTE TO THE SKIN
SENSITIZATION POTENCY OF CONTACT ALLERGENS?

D. A. Basketter, D. Kan-King-Yu, P. Dierkes, and I. R. Jowsey
Unilever Safety and Environmental Assurance Centre, Colworth Park,
Sharnbrook, Bedfordshire, UK

Chemicals that possess the capacity to cause skin sensitization have long been recognized to

be reactive (electrophilic) or at least the precursor of an electrophile. The chemical species

(hapten) covalently bound to skin protein then forms the antigen to which the immune sys-

tem responds, with sufficient exposure ultimately leading to skin sensitization. However, for

this process to occur, many have also considered that in addition to haptenation of skin pro-

tein, secondary stimuli (danger signals) are also necessary. Such signals might reasonably

be expected to derive from keratinocytes and/or Langerhans cells perturbed by the chemical

sensitizer. Whether this disturbance comes from the haptenation process itself or from other

properties of the chemical is unknown. We hypothesized that chemicals that were stronger

sensitizers might appear so, in part, as a consequence not only of greater (pro)electrophilic

reactivity, but also if they were more able to produce inflammatory (danger) signals. To

assess this, the sensitizing potency of 55 chemicals in the local lymph node assay was com-

pared with their ability to produce pro-inflammatory signal release, measured as a function

of their relative skin irritancy in guinea pigs. A limited trend was demonstrated, consistent

with the hypothesis, but indicating that either skin irritation is a poor measure of danger

signals, or that such signals are perhaps no more than a necessary requirement for the

acquisition of skin sensitization rather than a key determinant of the relative potency of

a skin sensitizing chemical. In addition, it is possible that irritancy alone does not represent

a complete surrogate marker for the ability of a chemical to produce danger signals relevant

to the induction of skin sensitization.

Keywords: GPMT; Irritant potency; LLNA; Skin sensitization potency

INTRODUCTION

Current views of the mechanism of both induction and elicitation of skin sen-
sitization indicate that irritancy can act as a significant positive co-factor. During the
induction of skin sensitization and based on the original hypothesis put forward by
Matzinger (1) this is commonly considered to comprise pro-inflammatory ‘‘danger
signals,’’ although the precise relationship between irritancy and danger signals is
far from clear (e.g., 2,3). During the elicitation phase of skin sensitization, a
substantial body of evidence demonstrates that irritancy can enhance responsiveness,
effectively lowering the threshold for response (e.g., 4,5). However, the knowledge
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predates these publications. It was very clear from the development of predictive skin
sensitization test methods that irritancy was seen as an important cofactor for ensur-
ing the sensitivity of an assay (e.g., 6,7). Indeed, in regulatory tests such as the guinea
pig maximization test, skin irritancy determination is dictated in the regulatory
guidelines for this assay (8).

A question related to the aformentioned then is what impact irritancy might
have on the perceived relative potency of a skin sensitizer? Put another way, are che-
micals that have the intrinsic ability to behave as a skin sensitizer, but with greater
irritant capacity, likely to be stronger sensitizers? Some years ago, this was addressed
in an investigation that compared 50 chemicals and formulations, using the Draize
rabbit skin irritation test and the Buehler guinea pig sensitization test (9). Both of
these assays offer only crude estimates of irritation and skin sensitization potency,
respectively, but nevertheless indicated a weak relationship. However, with the
improved measure of skin sensitization potency offered by the local lymph node
assay (LLNA) EC3 value (10) and taking the challenge concentration in the guinea
pig maximization test as an index of irritancy, there is now an opportunity to exam-
ine any potential relationship with greater rigor.

The topic is of more than academic interest. It seems likely that relative ability
to produce pro-inflammatory danger signals will be one of the key properties of skin
sensitizing chemicals that determines their relative potency. With the move to adopt
in silico and in vitro approaches to the identification of toxicological properties, there
is a real risk that loss of the integrated biological measures provided by in vivo meth-
ods will entail the loss of aspects such as potency estimation. With this in mind, a
paradigm for how to integrate the disparate endpoints of in silico and in vitro assays
for skin sensitization has been described (11). The investigation is intended to help
underpin the legitimacy of considering in vitro skin irritancy endpoints, for example
cytokine release by keratinocytes, as potential inputs in an integrated approach to
the estimation of skin sensitisation potency that does not require in vivo assays,
and that forms part of Unilever’s efforts to develop novel ways of delivering con-
sumer safety.

MATERIALS AND METHODS

The historical Unilever database containing records of substances evaluated
using the local lymph node assay and the guinea pig maximisation test were exam-
ined. Instances where substances had been tested in both methods were identified
and instances where both a LLNA EC3 value obtained and a standard guinea pig
maximization test (GPMT) conducted according to OECD guidelines (8) were docu-
mented. The LLNA EC3 value (10) was used as an index of skin sensitization
potency, whereas the challenge concentration in the GPMT was deployed as an
index of skin irritation potential. Table 1 presents the 55 records of substances meet-
ing these criteria.

For the benefit of those unfamiliar with the test protocols involved, in brief, the
LLNA was conducted as described elsewhere and in accordance with OECD Guide-
line 429 (12). In brief, the protocol used was as follows: groups of 4 CBA=Ca female
mice (7–12 weeks of age) were treated topically on the dorsum of both ears with 25 ml
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Table 1 Compilation of potency and irritancy data for 55 substances

Chemical name LLNA EC3 (%) GPMT challenge (%)

Chloromethylisothiazolinone=Methyl isothiazolinone 0.009 0.1

Benzoquinone 0.01 2.5

Dinitrochlorobenzene 0.05 0.1

Potassium dichromate 0.08 0.15

p-Phenylenediamine 0.1 0.5

Hydroquinone 0.11 0.5

Dodecylthiosulphonate 0.2 5

Propyl gallate 0.32 5

Methyldodecane sulphonate 0.39 0.25

2-Aminophenol 0.4 5

Chloramine T 0.4 1

Formaldehyde 0.4 2

2-Nitro-p-phenylenediamine 0.4 2.5

Metol 0.8 5

Methyldibromoglutaronitrile 0.9 25

Isoeugenol 1.3 5

2-Hydroxyethylacrylate 1.4 1

Glyoxal 1.4 0.5

Mercaptobenzothiazole 1.7 10

Musk ambrette 1.8 40

Ethylenediamine 2.2 2.5

HC Red No3 2.2 10

Anethole 2.3 10

Benzisothiazolinone 2.3 0.33

Isononanoyl chloride 2.7 2.5

Cinnamic aldehyde 3 0.75

Phenylacetaldehyde 3 5

3-Aminophenol 3.2 5

Methylcinnamal 4.5 10

3,4-Dihydrocoumarin 5.6 50

2-Methoxy-4-methylphenol 5.8 10

Diethyl maleate 5.8 100

Sodium trimethylhexyloxybenzene sulphonate 6.4 2.5

4-Ethyl resorcinol 6.7 100

Dihydroeugenol 6.8 25

Amyl cinnamal 11 2.5

Hexylcinnamal 11 10

Citral 13 0.5

Eugenol 13 25

Abietic acid 15 25

Sodium lauroyl lactylate 15 0.5

Benzoyl benzoate 17 100

Lyral 17 100

4-Allylanisole 18 10

C15 Azlactone 18 25

Lilial 19 50

Cinnamic alcohol 21 40

Cyclame aldehyde 22 50

Imidazolidinyl urea 24 50

Geraniol 26 10

(Continued )
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of test material, or with an equal volume of the vehicle (4 :1, Acetone Olive Oil, v=v)
alone. Treatment was performed daily for 3 consecutive days. 5 days following the
initiation of exposure, all mice were injected via the tail vein with 250 ml of phosphate
buffered saline (PBS) containing 20 mCi of tritiated thymidine. Mice were sacrificed
5 h later and the draining lymph nodes excised and pooled for each experimental
group. The lymph node cell suspension was washed twice in an excess of PBS and
then precipitated with 5% trichloroacetic acid (TCA) at 4�C for 18 h. Pellets were
resuspended in TCA and the incorporation of tritiated thymidine measured by
ß-scintillation counting. The concentration of the chemical required to produce a
stimulation of proliferation of 3 compared to the vehicle treated control, the EC3
value, was determined to provide a measure of relative skin sensitizing potential.
The EC3 value was calculated by interpolating between 2 points on the stimulation
index (SI) axis, one immediately above, and one immediately below, the stimulation
value of 3. Where the data points lying immediately above and below the SI value of
3 have the co-ordinates (a,b) and (c,d), respectively, then the EC3 value may be cal-
culated using the equation: EC3 ¼ cþ [(3� d)=(b� d)](a� c). A positive control
using hexyl cinnamic aldehyde was performed by the laboratory at routine intervals
to ensure test method sensitivity.

The GPMT followed the protocol given originally (6) and detailed in the
OECD Guideline (8). In brief, albino Dunkin-Hartley guinea pigs weighing approxi-
mately 350 g were used. Preliminary irritation tests were carried out to determine the
concentration of the test substances suitable for the induction and challenge phases
of each study. For the topical challenge application, the preliminary irritation study
used 4 guinea pigs, each treated with a range of concentrations applied under
occlusion using 8-mm Finn chambers (Epitest Oy, Finland). Skin reactions were read
24 h and 48 h after patch removal. The maximum concentration producing no reac-
tion was selected as suitable for challenge. This is the concentration reported in
Table 1.

The data in Table 1 were subjected to statistical analysis. The % concen-
tration data were transformed into log base 10 and then subjected to simple linear
regression and the regression equation, confidence, and prediction intervals calcu-
lated. To confirm that this was an appropriate analysis, a Kolmogorov-Smirnov
test was undertaken, which confirmed the normality of the residuals (further data
on this is not presented). This test was used as it has the advantage of taking an
unbiased approach, with no implicit assumptions about the distribution of the
datasets.

Table 1 Continued

Chemical name LLNA EC3 (%) GPMT challenge (%)

Penicillin G 30 5

Methyleugenol 32 100

Hydroxycitronellal 33 50

Limonene 69 2.5

Aniline 89 100
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RESULTS

Table 1 presents the complete data, ordered according to skin sensitization
potency as determined by the LLNA EC3 value. The 55 chemicals span a wide range
of potency, from an EC3 value of 0.009% to 89% (4 orders of magnitude); skin irri-
tant potential covers 3 orders of magnitude. Inspection of the data shows that for the
more potent allergens, the GPMT challenge concentration is no more than 5%, con-
sistent with them possessing some degree of irritancy; the first substance to show no
more than a limited level of irritancy is methyldibromoglutaronitrile, where the chal-
lenge concentration was 25% and the EC3 value 0.9% (still a relatively strong aller-
gen). At the opposite end of the spectrum, for the allergens of less potency (EC3
value of 3% or more), only 20% had a GPMT challenge concentration of <5%,
with several being almost entirely without any evidence of skin irritation potential
(i.e., they were tested at 100%).

A simple linear regression was performed on the log data. This shows a linear
relationship between the log10(EC3) and the log10 (GPMT). The slope and the inter-
cept coefficients are significantly different from zero, with p-values less than .0001.
The linear equation is:

logðGPMTÞ ¼ 0:59logðEC3Þ þ 0:50

The 95% confidence intervals for the slope (equal to 0.59) and intercept (equal to
0.50) are (0.40, 0.78) and (0.30, 0.69), respectively. The log10(EC3) explains approxi-
mately 42% of the total variability in the log10(GPMT) (R2 ¼ 0.42) and vice versa.
This means that predicting one value from the other using this model would produce
very wide confidence intervals.

DISCUSSION

Skin sensitizing chemicals, which have the ability to induce contact allergy in
humans, vary enormously in their relative potency. This is well demonstrated by sim-
ple inspection of the recently published data on one measure of potency, the LLNA
EC3 value (10,13). It also accords with clinical experience (14,15). Knowledge of the
potency of a skin sensitizer is therefore an essential prerequisite for risk assessment
and risk management. However, there is a concern that future in vitro methods that
will replace the in vivo test could be limited to the most basic level of hazard identi-
fication, functioning only in the context of current EU legislation (16). Potential in
vitro approaches to the identification of skin sensitizing chemicals are well reviewed
elsewhere (17–20). They include the use of computer-based identification of chemical
structural alerts, peptide binding assays, measurement of keratinocyte responses, and
measurement of changes induced in dendritic cells (or equivalents). These may
require a degree of ‘‘modulation’’ as a consequence of consideration of epidermal
bioavailability (21). However, given that the precise nature of non-animal replace-
ments for skin sensitization remain wholly undefined, then the manner in which data
deriving from separate elements of the sensitization induction process might be re-
integrated to provide not only hazard but also potency information is far from clear.
Nevertheless, one potential paradigm has been published (11). It is in this context
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that the current work was initiated because the in vitro measures that will contribute
to the characterization of potency in such a paradigm remain a matter for some
speculation. Bioavailability and peptide reactivity seem probable candidates from
a heuristic perspective. It is also possible that the relative ability of a skin sensitizer
to trigger the release of danger signals could also contribute. Because danger signals
seem likely to correlate well with irritancy, we chose to examine whether more potent
allergens were also stronger irritants.

To address this question, the LLNA EC3 value, a measure of skin sensitization
potency, for 55 chemicals was compared with the irritant potential of these chemicals,
as assessed in the GPMT, the underlying logic being that the challenge concentration
in this test, which is the maximum non-irritant concentration under a 24 h occluded
application, provides a useful marker of relative irritant threshold=potency. The
complete dataset (Table 1) was plotted as a log–log graph (Fig. 1), which demonstrates
that there is a trend toward the more irritant materials also being more sensitizing.
For example, the well recognized, very strong skin sensitizer 2,4-dinitrochlorobenzene
is also one of the strongest irritants examined. It contrasted sharply with weak sensi-
tizers such as cinnamic alcohol and imidazolidinyl urea with high EC3 values and
where their maximum non-irritant concentration was 40% and 50%, respectively.
However, there were several chemicals that departed from the trend, for example
sodium lauroyl lactylate was quite irritant but only weakly sensitizing; methyldibro-
mogluratonitrile, a relatively potent allergen in contrast, was only of very limited irri-
tancy. Such ‘‘discrepancies’’ are to be expected: at the extreme, chemicals might be
highly irritating, but might be entirely without skin sensitizing activity (acetic acid,
for example). At a more practical level, different vehicles were used in the assays
and this might well be expected to complicate the analysis. Nevertheless, a limited

Figure 1 A log–log plot of irritant threshold versus potency (EC3) with the trend line obtained by linear

regression and 95% confidence intervals (orange) and prediction intervals (red).
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trend was demonstrated, consistent with the hypothesis, but indicating that either skin
irritation is a poor measure of danger signals, or more likely that such signals are
no more than a necessary prerequisite for the acquisition of skin sensitization rather
than a key determinant of the relative potency of a skin sensitizing chemical. Thus,
what can be garnered from the material presented is that where a substance
has been shown to have other key properties associated with skin sensitization, for
example covalent binding to peptide (16,22), then consideration of markers of
irritancy, including those obtained from validated in vitro assays, might well assist
in developing a fuller appreciation of its relatively ability to behave as a skin sensitizer
in vivo, but only as part of an system that integrates a number of other parameters (11).

This analysis of historical data was undertaken as part of Unilever’s ongoing
efforts to develop novel ways of delivering consumer safety.
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