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Skin safety testing and risk assessment utilize a comparative toxicological approach whereby the
inherent toxicity (irritation or sensitization) is related to exposure to determine the potential
risk to a consumer population. However, consumers cover a broad spectrum of individual
characteristics in terms of skin types and functions, as well as their basic habits and practices in
use of consumer products. Thus, we try to use very conservative estimates for both inherent
susceptibility to the toxic effect as well as the potential worst-case exposures. While the inherent
variation can be considerable even within a country, it is magnified even further when products
are marketed globally. Questions have arisen, therefore, as to whether a skin safety testing ap-
proach conducted locally or regionally can adequately predict for adverse effects for the global
consumer. A good deal of speculation exists that population differences are real and should
mandate population-specific safety testing prior to marketing products in certain regions of the
world. In an attempt to address this question, this review has summarized extensive literature
covering basic skin biology and function and susceptibility to irritant and allergic skin re-
sponses. Throughout this literature, there are individual studies demonstrating population differ-
ences in skin properties or in the responsiveness to chemical insult. Some of the research on this
topic has pointed fairly convincingly to a demonstrable population difference. The best example
of this 1s the tendency for blacks to have a lesser skin reactivity than Caucasians, likely due to a
more impenetrable barrier. In contrast, the comparative data for Caucasians and Asians, for
males and females, and for different age clusters are far less compelling. In terms of tendencies,
there are little data to support any real difference in skin barrier function or in skin irritation
responsiveness between Caucasians and Asians or between males and females. Comparing dif-
ferent age profiles, there does appear to be a slight decline in reactivity to irritants among the
elderly (>65 years). Susceptibility to skin sensitization tends to be more related to exposure
than any inherent susceptibility, though some data exist to suggest a slightly increased sensitivity
in females versus males. On the basis of these data, standard procedures for skin safety testing
and risk assessment can be considered relatively conservative. Most clinical skin safety studies
are conducted in test populations that are comprised primarily of female Caucasians between
the ages of 18 and 65 years. If anything, the skin reactivity “character” of this population co-
hort tends to skew toward the more reactive. This is not to say that population-specific safety
testing should not be done. There may be important reasons to pursue a population-specific
testing strategy in certain situations, perhaps due to regional, sex-specific, or age-specific mar-
keting or to satisfy a regulatory or external relations need. However, there is yet no scientific
justification to mandate such a strategy, based on our current knowledge of skin responsiveness
and how it compares across diverse populations. There are clearly gaps in our understanding of
population differences, particularly in regard to skin irritation that should guide future clinical
research efforts. Side-by-side population testing for both acute and chronic skin irritation, more
comparative testing of Asian subpopulations, testing for neurosensory irritation, and testing ob-
jective skin responses among hyperreactive subpopulations of multiple races are all areas in
which additional research is needed. While current testing strategies have provided an excellent
track record of success in providing safe and effective products to the world’s consumers, results
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of such research will, in the future, help us to refine and further improve our skin testing and

risk assessment capabilities.
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One of the fundamental questions in dermatotox-
icology today is whether human subpopulations
show quantifiable differences in skin reactivity
based on race, age, or sex. The literature on this
subject dates back many decades and, more re-
cently, efforts have been made to apply new instru-
mental methods to address the question. In spite
of this effort, definitive evidence of racial differ-
ences in skin reactivity is lacking. This is exempli-
fied by a recent textbook on the subject of derma-
totoxicology (1), which devotes less than 2 pages
out of more than 600 to this topic. One reason for
the lack of definitive data is the wide variation in
human skin reactivity in general, even in relatively
homogeneous subpopulations. Another is the
enormous difficulty in controlling studies for the
single variable of interest (e.g., race). Lastly, it is
difficult to synthesize a point of view on popula-
tions differences in skin reactivity based upon a
literature of diverse, and often conflicting, studies
evaluating many different aspects of skin biology.

The question of racial differences in skin reac-
tivity is taking on increasing importance in view
of the global marketing of skin and beauty care,
cosmetic and fragrance, paper, and laundry and
cleaning products and the resulting increase in the
racial diversity of the global consumer population.
Pre-market skin safety testing and risk assessment
involve a variety of clinical test methods to evalu-
ate the potential of a new chemical or formulation
to produce unacceptable adverse skin effects (sen-
sory irritation, objective irritation, sensitization) in
selected numbers of volunteer test subjects (2-16).
While it has been recommended that one include
volunteers of relevant age, sex, and race in clinical
skin safety studies (17, 18), limitations in access to
such diverse test subjects and the small number of
contract clinical test facilities, often finds study
populations that are generally disproportionately
comprised of Caucasian, middle-aged female sub-
jects. This leads to the question of whether or not
testing in one population of test subjects is suf-
ficient to predict for the potential reactivity of all
consumers world wide.

Superimposed upon the question of subpopula-
tion differences in skin reactivity is the increasingly
accepted notion of heterogeneity and variability in
skin responsiveness among human subjects in gen-
eral (19). There has been interest in the past, and

a recent resurgence of this interest, in understand-
ing the phenomenon of “sensitive skin” (20, 21).
Questions abound as to how to identify and char-
acterize such individuals and then incorporate
them into tests of product safety and efficacy. Key
to the issue of population differences in skin reac-
tivity is the question of whether any of these sub-
populations (race, sex, and/or age) differ in the
relative proportion of sensitive vs. normal-skin in-
dividuals and how to make that determination.

It is the intent of this review to summarize our
state of knowledge on the subject of racial (and
other population) differences in skin responsive-
ness. This will begin with a discussion of skin
structure, function, and physiology followed by a
review of the results of past studies on racial differ-
ences in skin irritation and the induction and elici-
tation of allergic contact dermatitis. Key data
from published and heretofore unpublished studies
will be presented and discussed. In addition to
racial differences, a brief review of data on sex and
age differences will also be presented. The data on
reactivity to skin allergens and irritants will be dis-
cussed further in relation to the need (or lack
thereof) for population specific safety testing and
the implications for risk assessment.

Racial Differences in Skin Structure and
Physiology

Skin structure

Studies on racial differences in structural features
of skin have focused primarily on black versus
Caucasian subjects. Most attention has been given
to the thickness of the skin (number of cell layers
and thickness of the stratum corneum), the density
of the stratum corneum, the compactness of cells
in the stratum corneum and viable epidermis, and
melanosome size, distribution, and melanin con-
tent.

A study by Weigand et al. (22) looked at the cell
layers and density of the stratum corneum in
blacks and Caucasians. They first determined the
number of tape strips required to completely re-
move the stratum corneum. Then they took 4 mm
punch biopsies of lumbar skin and also examined
abdominal skin samples from cadavers. Buoyant
density of the stratum corneum was determined
after removal of the viable cell layers.
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In Caucasian subjects, it took 6-15 tape strips
(mean=10.3%2.8) to remove completely the stra-
tum corneum. In blacks, the range was 8-25 strips
(mean=16.6+4.3). While these ranges overlapped,
the mean difference was significant (p<<0.01). The
variability was greater in blacks (greater range and
standard deviation) but was not correlated with
pigmentation. Consistent with the tape stripping
result, the microscopically visualized difference in
average stratum corneum layers was also signifi-
cant (p<0.01) between Caucasians (mean=15.8,
range=13-20) and blacks (mean=20.4, range=
14.8—26). Density in air of the stratum corneum
was greater in blacks (1.68 gm/cm?) than Caucasi-
ans (1.39 gm/cm?); however, buoyant densities were
similar.

These investigators surmised that a greater in-
tercellular cohesiveness might explain both the in-
crease in layers of stratum corneum and the rela-
tive resistance to removal by tape stripping. Be-
cause they found that the thickness of the stratum
corneum was approximately equal in blacks and
Caucasians, this would imply a tighter compacting
of the layers in black skin (22). Intercellular lipid
may be involved as the content tends to be higher
on a percentage basis in black versus Caucasian
skin (23). A more recent report (24) has confirmed
the equivalent stratum corneum thickness, but
greater compaction and lipid content, in black ver-
sus Caucasian skin. A study comparing corneocyte
size and spontaneous desquamation between Asi-
ans, blacks, and Caucasians showed no significant
size differences. Desquamation was greater in
blacks than Asians or Caucasians, again with dif-
ferences in lipid composition offered as a possible
contributing factor (25). However, another study
showed lower desquamation (on the forehead) in
blacks vs. Caucasians (26).

In addition to the cellular/stratum corneum dif-
ferences in skin structure between Caucasians and
blacks, there is also the obvious pigmentation dif-
ference. There are reported to be 35 color gra-
dations of black skin versus 7 for Caucasians (27).
This is not due to any structural or quantitative
differences in melanocytes. However, in blacks the
melanosomes are larger, more oval, denser, and
more evenly distributed than in Caucasians (27—
29). This tendency for increased size and density
of melanosomes is directly related to pigmentation
(30). It is the variation in melanin content of the
melanosomes that leads to the discrete variations
in skin tone (28). Minimal erythema doses (sec-
onds) ranged from 2.5 in Caucasians to 8.8, 15,
and 83 in blacks of increasing pigmentation (30).
Also, blacks were more prone to local changes in
pigmentation (hyper or hypo) after chemical or
physical insult (28).

The enzyme tyrosinase is rate limiting in the pro-
duction of melanin (31). Given the greater content
of melanin in black skin, Talwar and coworkers
studied basal and inducible levels of tyrosinase ac-
tivity in black and Caucasian subjects (32). At
baseline, the melanin content of black skin was ap-
proximately 3X that of Caucasians. Correspond-
ingly, tyrosinase activity was 2.3X greater in
blacks. Upon stimulation with retinoic acid, the
tyrosinase activity of Caucasian skin increased 1-
3X. This was not simply the result of the irritant
effect of retinoic acid, since SLS treatment pro-
duced a similar degree of irritation, but no induc-
tion of tyrosinase. Also the induction of tyrosinase
activity did not result in augmented melanin pro-
duction. Black skin did not show a similar induc-
tion in tyrosinase activity with retinoic acid treat-
ment.

Transmission of ultraviolet light through excised
skin is approximately 5 fold greater in Caucasians
versus blacks. In Caucasians, UV filtration is
mainly in the stratum corneum. In blacks, most
filtration is in the Malpighian layers. Increased
melanin and the manner in which melanosomes
are packaged and distributed all contribute to in-
creased photoprotection in blacks (33).

Innervation is another facet of skin structure
that has recently been studied in the context of
racial comparisons. Until a few years ago, skin in-
nervation was described only in the context of the
dermal components (34). However, epidermal in-
nervation has now been well established through
ultrastructural and immunohistochemical methods
(35, 36). A recent study characterized epidermal
nerve fibers through the use of immunohistochem-
istry (staining for neuropeptides) and laser-scan-
ning confocal microscopy (37). These investigators
detected thin unmyelinated nerve fibers through all
viable layers of the epidermis. They were capsaicin
sensitive (i.e., C-afferent fibers). The findings were
similar across a study population that included 20
Caucasian subjects, 8 native Japanese subjects, and
8 native Chinese subjects. Hence, no racial differ-
ences were detected at the neurostructural or
neuromolecular levels.

Skin biomechanical characteristics

Moving from the cellular/biochemical level to the
physical or biomechanical characteristics of skin,
other differences have been noted between the rac-
es. Berardesca and coworkers compared the skin
of blacks, Caucasians, and Hispanics for skin ex-
tensibility, elastic modulus, elastic recovery, visco-
elasticity, and elasticity (38). All are measures of
the degree of stretch, deformation, and recovery of
skin after application of a turning or twisting force
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(torque). The evaluation included both the sun ex-
posed and unexposed surfaces of the arm.

In general, Caucasians showed greater differ-
ences, between cxposed and unexposed skin sites,
in these parameters than blacks. Blacks showed
little mean difference in skin extensibility readings
(arbitrary units) between the exposed and unex-
posed sites while Caucasians had much lower read-
ings on the exposed site vs. the unexposed site. On
the sun-exposed sites, blacks had higher values
(more elastic), but on the unexposed sites their
values were slightly lower than Caucasians. Racial
differences at both sites were significant. Caucasi-
ans and blacks also differed significantly in elastic
modulus and elastic recovery (black skin values
were lower). However, these differences were site
(exposed vs. unexposed) specific. Also, in another
study. blacks showed significantly higher elastic re-
covery values than Caucasians (26). Hispanics
tended to show intermediate values between blacks
and Caucasians, with no statistically significant
differences seen in comparison with either of the
other races.

The authors concluded that the differences be-
tween sun-exposed and unexposed sites, in Caucas-
ians especially, reflected the damaging influence of
solar radiation on skin properties, with the narrow
differences in blacks being due to the protective
effects of melanin (see above). What is also clear
is that significant differences in values obtained for
different biomechanical properties occur as a re-
sult of skin site-to-site variability as well as poss-
ible investigator variability. This needs to be ac-
counted for in addition to any differences based
on race.

Skin phyvsiology

Though only a few studies have examined basic
structural differences in skin between races, a
larger number have focused attention on evalu-
ation of physiological parameters of skin and
racial differences in such skin properties as barrier
function, percutaneous absorption, electrical resis-
tance, water content, and vasodilatation. In regard
to percutaneous absorption of chemicals into the
skin, black skin is generally considered to be some-
what more impervious than Caucasian skin (39—
41). Wedig & Maibach (39) observed >30% less
absorption of '*C-dipyrithione in black versus
Caucasian subjects when combining all of several
skin sites, vehicle systems, and pretreatments (i.e.,
tape stripping). Within site comparisons showed
no significant differences. Williams et al. (40)
examined the transdermal penetration of nitro-
glycerine from two different formulations by moni-
toring plasma concentrations of parent material

and metabolites. 4 of 16 test subjects were black
and 2 of these subjects had such low plasma con-
centrations that the mean population values of the
black subjects were statistically significantly re-
duced relative to the Caucasian or Asian subjects.
Lotte et al. (41) also included Asians in their study.
They saw no statistically significant differences
among the races in the penetration and excretion
of 3 chemicals. Directionally, they saw slightly in-
creased percutaneous absorption in Asians and
slightly reduced percutaneous absorption in
blacks, relative to Caucasians. Overall, these find-
ings suggest a slightly lesser degree of chemical
penetrability in blacks, which may help explain re-
duced skin irritation responses reported in black
subjects (see below).

Transepidermal water loss (TEWL) is con-
sidered to be a measure of barrier function of skin
at least in terms of the evaporation potential for
water (42). It has been used in numerous studies to
examine changes in barrier function due to disease
states or to chemical or physical treatment of skin.
Several studies have looked at racial differences be-
tween Caucasian, black, and Asian populations,
with somewhat variable results.

Kompaore et al. (43) compared TEWL values in
black, Caucasian, and Asian subjects in vivo. Prior
to any treatment, they observed significantly in-
creased values among Asian and black subjects vs.
Caucasians and no difference between blacks and
Asians. After 8 or 12 tape strips, the TEWL values
increased for all 3 racial groups. The % increase
was about the same for Caucasians and blacks
after 8 (24-27%) or 12 (49%) tape strips, but was
greater in Asians (74% and 95%) after these treat-
ments. In contrast to the above findings, other
studies found either lower baseline TEWL values
for blacks versus Caucasians (26) or no differences
(38). Reed et al. (44) used TEWL after tape strip-
ping Caucasian and Asian subjects to determine
both barrier perturbation and recovery. Neither
parameter was different. They did find, however,
that subjects (regardless of race) with lighter pig-
mented skin had more easily perturbed barrier
function and a longer recovery time.

Part of the difficulty in evaluating TEWL is the
need to acclimate subjects carefully prior to re-
cording TEWL values in order to avoid undesired
environmental influences (45). This difficulty likely
accounts for some differences among study results.
In an in vitro study, TEWL measurements were
taken in the absence of vital functions such as
sweating, that can often confound results from in
vivo testing (46). When TEWL was determined as
a function of skin temperature, there was a direct
relationship. Samples of black skin also had a sig-
nificantly greater mean TEWL reading across all
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temperatures, than samples of Caucasian skin.
Asian skin appeared to be similar to black skin.
Measurements of water content in the stratum
corneum, via electrical capacitance or conduc-
tance, tend to show equal or somewhat greater
values (more water content) in black versus Cauca-
sian skin depending on the site of measurement
(26, 38). Other studies comparing racial differences
in TEWL readings after exposure to skin irritants
are discussed below.

Another way to assess skin penetration and bar-
rier properties of skin is to measure a pharmaco-
dynamic response to chemical exposure, €.g., vaso-
dilatation. Berardesca & Maibach (47) and Kom-
paore et al. (43) used laser Doppler flowmetry
(LDF) to examine blood flow changes after appli-
cation of nicotinates in blacks, Caucasians and As-
ians. Kompaore et al. used lag time from appli-
cation of methyl nicotinate (MN) to the beginning
of an increase in vasodilatation as a way to exam-
ine barrier function. Basal blood flow values were
not significantly different between races. However,
the lag time was significantly shorter in Asians and
significantly longer in blacks versus Caucasians.
After 8 or 12 tape strips, the lag times decreased
considerably for all 3 racial subpopulations, but
the ordering remained the same.

Berardesca & Maibach (47) used peak response
and area under the curve to assess the pharmaco-
dynamic vasodilatory response to hexyl and
methyl nicotinate in blacks and Caucasians. They
observed weaker responses in blacks, again indica-
tive of decreased penetration of the chemicals. It
should be noted, however, that an earlier study
from the same group showed no significant differ-
ences between blacks and Caucasians in that study
population (48), although the magnitude of the
peak response was greater in Caucasians.

It is clear from the above discussion that some
measurable differences do exist between races in
the biophysical properties of skin. Making defini-
tive conclusions as to how these properties differ
among racial subpopulations is complicated by the
intrastudy and interstudy variability within and
among these relatively small study populations, as
well as the inherent variability in the test methods
per se. Also important, is how these differences,
if real, impact the susceptibility of individuals to
chemical or physical skin irritation (irritant con-
tact dermatitis) or allergic contact dermatitis.

Racial Differences in Susceptibility to Skin
Irritation

As in the case of biophysical properties of skin,
studies of skin irritation have included numerous
endpoints of evaluation and single or multiple in-

terracial comparisons. Published studies of skin ir-
ritation in racial subpopulations go back to the
early 1900s with the work of Marshall et al. (49)
who examined black and Caucasian subjects for
their irritant responses to dichlorethylsulphide
(DCES) or mustard gas. Black and Caucasian
male test subjects were exposed (uncovered fore-
arm) to 0.1% or 1% DCES in parafin oil solution
for 10 min. A positive skin reaction was denoted
by the appearance of erythema 24 h after exposure.
Far more Caucasians than blacks showed positive
erythema responses to the chemical vapor especi-
ally at the high test concentration (59% versus
15%), suggesting that Caucasian subjects were the
more susceptible.

The same result was obtained over 50 years later
in testing for the primary irritation response to di-
nitrochlorobenzene (DNCB). Weigand & Gaylor
(50) tested different concentrations of DNCB on
Caucasians and on blacks with varying degrees of
skin pigmentation. They showed that 85% of Cau-
casians responded to 0.025%, 0.1%, or 0.25% with
at least minimal erythema, whereas 52% of light-
skinned blacks required a 1% dose and 58% of
dark-skinned blacks required a 1% or 2.5% dose in
order to respond. After tape stripping, the minimatl
perceptible erythema-inducing dose of DNCB was
reduced to approximately 0.09% and was the same
for all 3 subpopulations, suggesting barrier func-
tion as the key factor in the differential response.
Also, since the tape stripping did not alter pigmen-
tation, this latter result suggests that the differ-
ences in irritation seen in normal skin was not
simply due to a greater difficulty in visualizing ery-
thema in darkly pigmented skin. In contrast to the
above findings, in a study by Gean et al. (51),
blacks and Asians were compared to Caucasians
for their visual response to methyl nicotinate. No
racial differences among any of the subject popula-
tions were noted in the erythematous response pro-
file.

These results based on traditional visual grading
all suggest an equal or lesser susceptibility of
blacks versus Caucasians to the skin irritation ef-
fects of chemicals. Use of alternative evaluative
techniques, including photoplethysmography
(PPG), laser Doppler flowmetry (LDF), and trans-
epidermal water loss (TEWL) generally tend to
support this conclusion. A few studies have shown
slight (but significant) increases in methyl-nicotin-
ate-induced blood flow in Caucasians versus
blacks (48) or non-significant differences in sodium
lauryl sulfate (SLS) induced blood flow in blacks
versus Caucasians (52). Overall, the studies with
LDF measurements have supported the visual
grading studies showing reduced (47, 53) or
equivalent (48, 52) responses among black versus
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Caucasian subjects. The same is true of compari-
sons between Hispanics and Caucasians (54, 55).

The comparison of Caucasian and Asian sub-
populations is more complex due to the fact that
little comparative data exist in the literature and
that which does exist gives conflicting infor-
mation. Using traditional clinical grading of
standard irritation patch test studies, Rapaport
measured skin irritation in Caucasian versus Ja-
panese subjects (56). He used a 21-day cumula-
tive irritation test protocol to compare the irri-
tation of SLS and several consumer product for-
mulations (cleansers, sunscreens, facial creams,
and moisturizers). Regardless of the level of in-
herent irritancy of the SLS or product formu-
lation, Rapaport reported a generally greater
cumulative response among the Japanese sub-
jects. He stated that these results tended to con-
firm apparent, but undocumented, findings from
other studies that Asian subjects were more reac-
tive than Caucasians as a whole. Unfortunately,
few experimental details and little data were pro-
vided. No new information has been published
since, in spite of statements in the paper that
similar evaluations were ongoing.

Similar descriptive papers have also appeared in
the Japanese literature. Ishihara (57) reported that
female Japanese subjects showed greater patch test
reactivity to cosmetic products than female Cauca-
sian subjects. The testing was conducted in separ-
ate geographical locations (Kanagawa, Japan, and
New York) and no experimental details are avail-
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able to enable one to examine other potential in-
fluencing factors. Tadaki et al. (58) reported a
higher level of intolerance among Japanese sub-
jects to topical tretinoin cream. Here, the greater
reactivity among the Japanese was based upon a
higher incidence of adverse skin effects (and result-
ing dropouts) in a Japanese clinical trial versus the
incidence reported in prior studies among Cauca-
sian subjects. Again, comparing irritant reactions
in studies not conducted concurrently, and across
different geographic locations, make it difficult to
attribute differences in response patterns to the
racial variable alone.

Recently, other investigators have begun to
examine this question in more direct comparative
evaluations. Unilever scientists have developed a
human patch test method designed to assess
chemical irritation in human test subjects as an
alternative to animal irritation (Draize method)
testing (59, 60). Irritation assessment is ethically
conducted in human subjects using a gradual ex-
posure protocol beginning with short duration ex-
posures and terminating exposure at the first signs
of mild irritation (11, 19, 61). They have been able
to confirm the irritation potential of many chemi-
cals using this method. Very recently, an initial in-
terlaboratory collaboration has been completed
verifying the robustness of the procedure (62).

One of the studies conducted under Unilever’s
direction was an international dose-response study
with the anionic surfactant sodium lauryl sulfate
(63). Laboratories in Germany, China, and the UK
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Fig. 1. Separate panels of Caucasian and Asian test subjects were exposed to the indicated irritant materials in a single side by side
study (29-30 subjects per panel). A subject was considered a positive responder as soon as they showed at least a slight erythema
response under patch. Based on the cumulative response incidences (at 2 h of exposure for 0.5% NaOH and 4 h of exposure for all
other test materials), there were no significant differences between the panels in their response to any of the materials tested (8).
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tested SLS at concentrations ranging from 0.1% to
20%. There was considerable overlap in the dose-
response pattern among the regional populations.
The German population tended to be the most re-
sponsive and the Asian population was no more
reactive than the Caucasians. This does not sup-
port an increase in reactivity among Asian (Chi-
nese) versus Caucasian test subjects. The authors’
view was that inherent variability within any given
human test population as a whole will mask any
interethnic variability.

The only difficulty with the Unilever study was
the fact that the study populations were tested in
different geographic locations at different times of
the year. This introduces many additional variables
into the interpretation of the data. To address this,
they recently conducted direct comparison studies
of different skin types (types I-VI; including Asian
(type V) and black (type VI) subjects). Using the
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acute irritation protocol, they were unable to dis-
cern significant differences in SLS dose-response
across the skin types (64). In addition, we also re-
cently conducted a patch test study, using the Unil-
ever protocol (62), in which Caucasian and Asian
(Chinese) subjects were tested at the same facility
and at the same time (8). The irritation responses
to SLS and 3 other model irritants are shown in
Fig. 1.

No significant differences were seen between the
Caucasian and Asian test populations for any of
the 5 test and control materials used in this study.
Whether the irritation response began to appear
after relatively brief exposure (0.5% NaOH) or
relatively late (10% HAc), and whether the cumu-
lative incidence of positive responders was small
(10% HACc) or large (20% SLS), both populations
showed the same overall pattern. The same test
materials were applied in a 2nd study conducted
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Fig. 2. Caucasian and Asian test subjects were screened for neurosensitivity to lactic acid (based on quantification of a stinging
response to 10% lactic acid applied to the face) and subdivided into “sensitive” and “normal” subpopulations. The 4 test populations
were then exposed to the indicated irritant materials in a single side-by-side study (13-20 subjects per panel). A subject was
considered a positive responder as soon as they showed at least a slight erythema response under patch. Cumulative irritation
responses to all test materials were similar among all 4 test subject populations (8).
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among Caucasian and Chinese test subjects. In the
2nd study, the test subjects were further subdivided
on the basis of normal or enhanced neurosensitiv-
ity to facial application of 10% lactic acid (stinging
response). The results, shown in Fig. 2, again indi-
cate no consistent difference between the Chinese
and Caucasian populations in their responses to
any of the test materials. This lack of difference
was also apparent when comparing neurosensitive
and normal test subjects across either racial popu-
lation. These results, from direct side-by-side test-
ing, agree with the Unilever results showing no sig-
nificant differences between Chinese and Cauca-
sian subjects in the acute objective SLS dose
response.

As previously reported, we conduct a variety of
human patch tests for assessment of skin irritation
and allergy prior to marketing new product formu-
lations (12. 14. 15). In reviewing skin irritation
data from human repeat insult patch test (HRIPT)
studies (65), we were able to identify a test in which
the study population was comprised of a few Asian
test subjects among the majority of Caucasians.
This study was conducted to assess the safety of a
fragrance ingredient in a body soap formulation.
During the induction phase of the HRIPT, mild to
moderate skin irritation was observed at each
patch reapplication. These individual skin grades
were summed to determine a cumulative skin irri-
tation response for each subject during the 3-week
repetitive exposure induction phase of the study.
The data for the Caucasian and Asian subjects are
shown in Fig. 3. There was wide variation seen
among the Caucasian test subjects in the degree of
cumulative irritation. The pattern showed a very
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Fig. 3. Data from P&G human repeat insult patch test (HTR
Study 93-6374-76: Material #BP0008-031 (fragrance) in
BPO00R-030 (body soap)). Trritation grades during 9 patch in-
duction phase were summed to provide a total cumulative grade
for cach test subject.

normal distribution. Interestingly, the small Asian
population showed a mean irritation grade almost
identical to that of the much larger Caucasian
population

All of these recent study data tend to run
counter to the earlier observations of Rapaport
and the Japanese investigators and fail to support
the validity of any premise that there is a funda-
mental difference in objectively measured skin irri-
tation responsiveness between Caucasians and Asi-
ans. While the more recent studies comparing Cau-
casian and Asian populations have focused mainly
on Chinese panels, we are also in the process of
developing data on Caucasian versus Japanese test
subjects. These latter results will provide a more
direct comparison to those data previously de-
veloped by Rapaport and the Japanese investi-
gators.

The acute irritation patch test studies conducted
to date have the advantage of producing a rela-
tively predictable level of irritancy to known
chemicals. Still, there is a need to extend this direct
comparative testing database to longer term cumu-
lative irritation test protocols and the testing of
product formulations as well as chemicals such as
described above for the HRIPT study. This will
also enable us to develop data to more directly ad-
dress this question,

The issue of neurosensory irritation (e.g., itch,
sting, burn) and racial differences in susceptibility
to these symptomatic responses is even more diffi-
cult to resolve than the question of objective irri-
tation responses. Part of this difficulty stems from
a lack of well-validated clinical procedures for as-
sessing neurosensory irritation (5, 7, 20). There is
widespread speculation that Asians are more sus-
ceptible to neurosensory irritation than Caucasi-
ans (66, 67), but virtually no data to substantiate
the speculation (67). This is an area of critical need
for valid methods development and application
and, subsequent to that, carefully controlled inter-
racial comparison studies.

Racial Differences in Susceptibility to Skin
Allergy

The most common type of skin allergy is allergic
contact dermatitis, a cell-mediated (Type IV) im-
munological response driven by T lymphocytes in
response to allergenic small molecules (haptens).
Allergic contact dermatitis is a relatively common
dermatologic disorder, with heavy metals, fra-
grances, preservatives, and topical medicaments
comprising the major classes of causative chemi-
cals. However, the overall incidence of allergic con-
tact dermatitis is less than that of irritant contact
dermatitis.
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Experimental sensitization studies

The literature on racial differences in susceptibil-
ity to allergic contact dermatitis is sparse, largely
because few investigators are willing or able
knowingly to sensitize test subjects in order to
prospectively study etiologic or mechanistic fac-
tors in the development of this condition. In
terms of the potential for induction of allergic
contact dermatitis (ACD), 2 studies in the his-
torical dermatology literature demonstrated a
reduced sensitivity for black versus Caucasian
subjects. Rostenberg & Kanof (68) studied black
and Caucasian subjects for incidence of induced
sensitization to dinitrochlorobenzene (DNCB)
and paranitrosodimethylaniline (PNDA). Each
material was tested at a concentration of 1% via
open application to a uniform area of skin (2.54
cm diameter circle). | month after the induction
exposure, the subjects were challenged with the
chemical to determine if sensitization had oc-
curred. If not, the process was repeated for a 2nd
month and so on, until 4 attempts had been
made to induce sensitization.

The 2 chemicals differed in their sensitization
potencies, with DNCB being the less potent of
the two. With DNCB, the cumulative sensitiza-
tion incidence rose gradually, with more Cauca-
sian subjects showing positive responses at each
treatment number. Sensitization to PNDA oc-
curred more quickly; however, once again, the
cumulative incidence rose more quickly with
Caucasian subjects. Thus, similar to the “histori-
cal” skin irritation study of Marshall et al. (49),
black subjects were more resistant than Cauca-
sian subjects to induced sensitization to strongly
sensitizing chemicals.

25 years after the Rostenberg study, Kligman
compared the responses of black and Caucasian
subjects to several commonly encountered skin
allergens. Using his human maximization test
procedure, Kligman (69) studied induction of
sensitization to p-phenylenediamine (PDA),
monobenzyl ether of hydroquinone (MBEH),
nickel sulfate (NiSQ,), penicillin G (Pen G), and
neomycin sulfate (NEO). With the strongest con-
tact allergens (PDA and Pen G) there was little
difference in the response among blacks versus
Caucasians. However, as the potency of the aller-
gens decreased, there was an increasing differen-
tial response, with Caucasians increasingly more
susceptible. As in the Rostenberg study, this
again supported a tendency for blacks to be
more resistant to induction of contact sensitiza-
tion. This may well be related to the penetrability
of chemicals through black versus Caucasian
skin, as noted above.

Epidemiology: incidence of allergic contact derma-
titis from common allergens

Other investigators have approached the question
of racial differences in skin allergy from an epide-
miological standpoint. According to Fisher (70),
there is some controversy. When exposure factors
are considered, equivalent incidences of ACD
among Caucasians and blacks have been noted in
occupational dermatitis. Some dermatologists
claim a lesser degree of poison ivy dermatitis in
blacks though it is not clear whether this is due
to sensitivity or exposure. Fisher notes a possible
difference in the manifestation of ACD in blacks,
being more commonly associated with lichenifi-
cation and hyperpigmentation versus the vesicular,
papular, erythematous responses seen in Caucasi-
ans. The North American Contact Dermatitis
Group (NACDG) studied the incidence of patch
test reactions among 1057 Caucasians and 143
blacks (55-60% female). They found no significant
differences in prevalence rates among blacks and
Caucasians (71).

The epidemiological studies are, by definition,
retrospective and cannot be controlled for ex-
posure. They suggest that, in the real world (as-
suming equivalent exposures — a large assump-
tion), blacks and Caucasians do not differ in sus-
ceptibility to consumer-relevant ACD. These
retrospective studies also monitor the elicitation
phase of the sensitization process, whereas the
earlier cited historical studies from Rostenberg
(68) and Kligman (69) examined sensitivity to in-
duction of ACD in previously naive subjects.
Clearly, these latter studies suggest that, under
controlled exposure conditions, blacks can be
shown to be significantly less sensitive to induction
of sensitization. A compromise situation exists for
transdermal drug delivery systems, where sensit-
ization data is retrospective, but exposures are
more consistent among exposed populations.
Here, the sensitization rate to clonidine, the trans-
dermal drug with the highest known incidence of
sensitization (72), is 2X as high in Caucasians as
in blacks (73), a finding consistent with the pros-
pective studies.

While the literature comparing sensitivity to
ACD in Caucasians and blacks is limited, the
literature for other racial comparisons is virtually
nonexistent. In the report of Rapaport (56) cited
previously, it states that human maximization test-
ing of standard cosmetic ingredients showed more
severe reactions (though not a higher incidence)
among Japanese versus Caucasian subjects. How-
ever these studies were done at different times,
there was no indication of the materials tested or
their concentrations, and no actual data were re-
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ported. In retrospective studies of patch test sub-
jects in Singapore, Goh has found little difference
in the incidence of ACD among Chinese, Malays,
and Indians within the indigenous population (74,
75). In our cumulative irritation test shown pre-
viously (Fig. 3) 5 test subjects developed reactions
upon challenge that were suggestive of sensitiza-
tion. None of these 5 subjects were from the small
Asian subpopulation. The net of this limited col-
lection of data is that there is no compelling evi-
dence generated to date to suggest that, aside from
a possible decreased susceptibility among blacks,
there are any racial differences in susceptibility to
ACD.

Age and Sex Differences in Susceptibility to
Irritant and Allergic Contact Dermatitis

Age differences

The literature on age-related susceptibility to skin
irritation generally shows a reduced sensitivity in
older (i.e., >60 years) versus younger adults. A
study by Lejman et al. (76) compared 2 widely dif-
ferent age groups (18-25; 65-84) for reactivity to
a strong irritant stimulus (24 h patch exposure to
5% sodium lauryl sulfate, SLS). The response (0-
S visual grading scale) for the young subjects was
4,57%0.76 and the response for the older subjects
was 2.62x1.66 (p<0.001). Cua et al. (77) studied
the response to a much lower SLS insult {0.25%
patch exposure for 24 h). They exposed a variety
of body sites in their study. The mean age of their
2 test populations was 25.9 and 74.6 years. The
mean response and % positive responders was re-
duced in the older cohort. In some areas of the
body (e.g., thighs) the response difference was
quite dramatic. The decrease in visual scores in the
elderly was matched by a decrease in the magni-
tude of SLS-induced changes in TEWL values.

Also, Grove et al. (78) studied different varieties
of chemical-induced skin irritation in young and
old cohorts. In a study of ammonium-hydroxide-
induced blistering, they saw a more rapid initiation
of the blistering response in the older cohort (65—
75 years) versus the younger cohort (18-30 years),
but a much slower development of the full blister
response. They also examined the response to a
variety of irritants (e.g.. histamine, DMSO, 48/80,
chloroform-methanol, lactic acid, and ethyl nicot-
inate). In all cases, the visual grades were greater
in the younger cohort.

Age-related studies of skin sensitization are
mainly limited to retrospective analysis of elici-
tation patterns and incidences across patch testing
cohorts. Here the data are mixed and it is difficult
to separate age-related inherent susceptibility from
age-related patterns of exposure. An early study

by Prystowsky et al. (79) showed no age-related
differences in the incidence of allergic patch test
reactions across 4 common contact allergens
(nickel, neomycin, ethylenediamine, and benzo-
caine). However, other investigators have seen
other trends. Goh (75) studied the response inci-
dence to common patch test allergens and saw a
general increase in incidence in subjects >40 versus
those<40. The trend was even greater when he
compared subjects >59 versus those<20. Since
these totals were cumulative, they may just repre-
sent a greater tendency to become sensitized to dif-
ferent allergens as one progresses through life, due
to possible repetitive exposures. Young et al. (80)
looked at the incidence of sensitization on an aller-
gen-by-allergen basis. They found different pat-
terns depending on the allergen; cobalt and nicketl
sensitivity was greater in those<<30 versus those
>50, but the reverse was true for wood tar. Again,
this could be related to the exposure opportunities,
but may also be a reflection of some diminution in
response in older subjects, assuming that they
would have had the potential to be sensitized as
younger adults (see below).

Lejman et al. (76) studied the elicitation of Rhus
reactivity in young and older subjects. In their 18-
25 cohort they found a quick onset of reactivity
and resolution by 9-15 days. The older cohort re-
sponded more slowly and the reaction resolved
more slowly (12-36 days). Finally, Wantke et al.
(81) looked at sensitization as a function of age
from birth to >70 years of age. Incidences of patch
test reactivity to standard series allergens was com-
parable (46-58%) across 0-7, 8-14, and 20-50 age
groups, but dropped (34%) in the oldest cohort
(>70). In a recent review, Kwangsukstith & Mai-
bach (82) suggested that the incidence of allergic
contact dermatitis gradually increases from birth
to 14 years of age, then holds steady in overall inci-
dence but greatly varies by allergen based on ex-
posure patterns. The incidence declines with ad-
vancing age in terms of both the severity of re-
sponse (possibly related to similar reduction in
irritation responses discussed above) and a waning
of the allergic response in previously sensitized in-
dividuals.

The only way truly to assess allergic sensitivity
is to evaluate the induction of allergic contact sens-
itization in previously naive subjects. Studies of
this type are not generally done today, but one
study from the literature does shed some light on
age-related susceptibility. Back in the early 1950s,
Schwartz (83) studied the induction of sensitiza-
tion to DNCB in previously naive subjects of dif-
ferent ages. Approximately !/, of 174 subjects be-
came sensitized. Among 3 age cohorts (21-59, 60—
79, >80) there was no significant difference in the
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incidence of sensitization. Thus, for very potent
sensitizers, there appears to be little age-related
difference in allergic sensitivity.

Sex differences

There 13 a common perception that women are
more sensitive to skin irritation than men, a find-
ing not generally borne out in direct testing (84).
A recent review (85) cited specific incidences of ir-
ritant contact dermatitis as either greater in
women versus men or about the same, depending
on the study. In any event, the incidence is almost
certainly exposure-related, as women are more
often exposed to wet work, detergents, and cos-
metics, but less to cutting oils and abrasives. In a
study of barrier function, Reed et al. (44) showed
no difference between men and women in terms of
skin barrier integrity (i.e., loss in barrier function
after tape stripping) or time for barrier recovery,
again suggestive of a comparable susceptibility to
skin irritation. Our HRIPT study (Fig. 3), was also
examined in terms of sex of subject and showed no
difference in irritant reactivity.

Differences in the susceptibility of men and
women to contact dermatitis reactions have pre-
dominantly focused on allergic skin responses.
Several studies have reviewed the epidemiology of
elicited allergic responses to known allergens in
men and women. An early study by Prystowsky et
al. (79) showed that response prevalence among 4
common allergens was strictly allergen related.
Women were far more reactive to nickel and men
more reactive to ethylenediamine. Responses to the
other 2 allergens (neomycin and benzocaine) were
equal. Young et al., showed similar results (80);
women having a higher incidence of responses to
cobalt, nickel, and Peru balsam and men having a
higher incidence of responses to chromate and car-
ba mix. Goh (75) reported an overall equivalent
incidence of positive patch test reactions among
men (51%) and women (47%). Finally, a Finnish
study by Kanerva et al. (86) showed a 60/40 pre-
ponderance of occupational ACD among Finnish
women versus men. However, again the relative
preferential responsiveness was allergen related.
Women showed higher incidences of reactivity to
rubber, nickel, and formaldehyde, and men higher
reactivity to epoxy resin, chromate, and colophony.
As in the age-related studies, the overall findings
indicate that exposure is the primary factor in rela-
tive incidence of sensitization and that prospective
studies are needed to assess better inherent differ-
ences in reactivity (82). A compromise between
retrospective sensitization rates and controlled ex-
posures, cited above for black versus Caucasian
sensitization potential, relates to sensitization rates

to transdermal clonidine (73). Here, the sensitiza-
tion rate for women (black or Caucasian) was 2X
that of men.

A few studies have actually looked prospectively
at the relative sensitivity of men and women to in-
duction of allergic contact sensitization. Jordan &
King (87) used the Draize human repeat insult
patch test method to examine the relative inci-
dences of induced sensitization to common (but
not necessarily potent) contact allergens. Of 10
allergens studied, women reacted more often to 7
and the other 3 showed equivalent incidences of
reactivity. Leyden & Kligman (88) used the human
maximization test and studied allergens from all 5
severity classes. Only with the weakest sensitizers
(class I) did women react more commonly than
men. With the other 4 classes, the responses were
the same. More recently, Rees et al. (89) studied
the induction of sensitization to experimental ex-
posures to the strong sensitizer DNCB. In this
study, they used a single exposure to induce sensit-
ization and then did a dose-response challenge.
Women showed a significantly stronger response
than men, both in terms of severity of response
and steepness of the slope of the dose-response
curve. Thus, from the collective data related to
both induced sensitization and frequencies of sens-
itization in the population, the preponderance of
evidence would suggest that women are, at least to
a degree, the more sensitive responder population.

Implications of Population Differences in Skin
Responsiveness for Safety Testing and Risk
Assessment

In 1989, we published a summary of a risk assess-
ment process (15) for allergic contact sensitization,
updated since (13, 14), that emphasized the im-
portance of clinical testing. The clinical assessment
of the skin irritation and allergic contact sensitiza-
tion potential of product ingredients and formu-
lations is central to our overall safety assessment
process and clearance for market (14, 15). A key
question that we face, in an age of global market-
ing of products, is the relevance of regional skin
safety testing for global consumers.

Skin safety testing is often conducted through
internal laboratories or through selected contract
clinical facilities. The most commonly used clinical
labs are located in North America and Western
Europe. For the most part, the volunteers for skin
safety testing are Caucasian and predominantly fe-
male. Effort can be made to recruit special popula-
tions, usually at a substantial cost premium.

Based on the information discussed in this re-
view, the prevailing question is whether the testing
for irritant and allergic contact dermatitis that is
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currently done is sufficient to protect the global
consumer. Asked differently, by testing predomi-
nantly in Caucasians (and females), are we under-
estimating the risk of inducing irritant or allergic
contact dermatitis in users of our products? The
prevailing evidence available to date would suggest
that, overall. the testing approach is conservative.
Why is that the case? First of all, Caucasians repre-
sent a generally responsive population at least
when compared to blacks. Most of the literature
on reactivity in blacks would suggest lesser reac-
tivity due to reduced skin penetration of chemicals.
While there is speculation that Asians are more re-
active than Caucasians to skin irritants and aller-
gens, most of the limited literature available on this
subject does not bear that out. The simple fact is
that most of the data supporting a true population
difference in skin reactivity (e.g., blacks versus
Caucasians) can be correlated to a degree with a
lesser barrier permeability in the more resistant
population (39). Little or no difference in barrier
function of skin is seen comparing males and fe-
males or Caucasians and Asians (44) consistent
with the limited or conflicting data on real differ-
ences in skin irritation. Interestingly, a difference
in barrier function is seen across photoreactive
skin types (44). Perhaps this classification will
prove a more predictive indicator of susceptibility
to irritation than race or sex differences per se.
However, even here, there is preliminary data to
suggest little difference among different photoreac-
tive subpopulations to acute irritant challenge (64).

There is still work to be done in evaluating Cau-
casians and Asians is terms of relative skin reac-
tivity. For skin irritation, this includes (a) better
comparison of Caucasian and Japanese subjects
(i.e., are Japanese a more reactive Asian subpopu-
lation?), (b) better evaluation of neurosensory re-
sponses as well as objectively measured skin irri-
tation responses in subjects that differ in neuro-
sensory reactivity, (¢) effects of chemical exposures
on skin pigmentation, (d) examination of both
acute and chronic exposure protocols, and (e) a
better understanding of the effects environmental
variables (e.g., sun exposure, temperature, hu-
midity, altitude) or consumer habits (e.g., bathing,
concurrent product use/skin treatments) or expec-
tations (including cultural) have on the susceptibil-
ity to objective or sensory irritation. All of these
are active areas of research within both industry
and academia. Future research on racial differ-
ences in susceptibility to induction of allergic sens-
itization 1s restricted by ethical considerations in
knowingly sensitizing test subjects to chemical
allergens. Still, routine sensitization safety studies
{HRIPT, use tests) conducted in the past, and that
have incorporated racially diverse test populations,

have not shown any tendency for Caucasian sub-
jects to be less responsive. Thus, there is no reason
to suspect that current testing of predominantly fe-
male Caucasians in any way under-predicts the ir-
ritation or allergenic potential of chemical ingredi-
ents and products. Also, the predominance of fe-
male subjects in most skin safety testing panels
likely provides added conservatism, given the evi-
dence cited above that females are, if anything,
more responsive to induction of allergic contact
sensitization than males.

Are there ever reasons to do regional or popula-
tion-specific testing? Certainly, there may be situ-
ations in which this is warranted; however, a clear
rationale for this type of testing and flexibility in
the approach are important. Certain product for-
mulations may be specially formulated to be mar-
keted in very specific and limited geographic re-
gions or in specific populations (e.g., women).
Under those circumstances, it 1s reasonable to con-
sider conducting patch and use testing among pan-
elists of the anticipated race and/or sex. There may
also be special circumstances, such as external re-
lations issues or regulatory approvals, that may
dictate special population testing. Scientifically,
there may be little justification for this based on
recognized population differences in skin respon-
siveness, and one would hope that regulatory au-
thorities would base their approval criteria on
valid published data rather than anecdotal infor-
mation. Still, current regulations may require
special population or regional testing. The decision
to conduct any population-specific testing should
be made on a case-by-case basis relative to the
business or market need. Clearly, an important
driver of additional research in this field is to help
counter regulatory or regional requirements that
mandate population-specific testing for which
there is no scientifically based justification.

Finally, we must begin to consider the issue of
neurosensory irritation in any discussion of skin
safety evaluation. Consumers may often discon-
tinue use of a product and complain of adverse
skin effects based solely on symptoms (sting, burn,
itch, tingle). We are beginning to see publications
in the literature documenting subjective irritation
and attempts to quantify the phenomenon better
(5, 9. 20, 21, 90). However, we have little under-
standing of the relationship between subjective and
objective indices of irritation nor how to assess
subjective irritation on a predictive level. More-
over, we have no evidence, pro or con, as to
whether there are true, consistent, and predictable
differences between races, ages, or sexes in terms
of subjective irritation responses. The neuroanato-
my of the skin, certainly relevant to the issue of
neurosensory irritation, indicates no racial differ-
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ences (between Caucasians, Chinese, and Japanese)
in epidermal innervation (37). Still speculation and
assumption regarding differential neurosensory ir-
ritation abound (20, 66). Work is beginning in sev-
eral laboratories to study the mechanistic and
pathophysiological basis of subjective irritation,
including the relationships between subjective re-
sponses to different neurosensory stimuli, the re-
lationship between subjective and objective re-
sponses, and the incidence of neurosensory reac-
tivity across different populations. These are
critical areas of research that will only improve our
safety testing and risk assessment capabilities in
the future.

Acknowledgements

I thank Drs. G. Frank Gerberick, Peiwen Sun, and
Mary A. Perkins for their thoughtful review and
critique of this manuscript. I also thank many col-
leagues who reviewed early drafts of the manu-
script.

References

1. Marzuccei F N, Maibach H 1 (eds): Dermatotoxicology.
Washington DC: Taylor & Francis, 1996.

2. Calvin G. New approaches to the assessment of eye and
skin irritation. Toxicol Lett 1992: 64-65 (spec no). 157-
164.

3. Coverly I, Peters L, Whittle E, Basketter D A. Susceptibil-
ity to skin stinging, non-immunologic contact urticaria and
acute skin irritation; is there a relationship? Contact Der-
matitis 1998: 38: 90-95.

4. Effendy I, Weltfriend S, Patil S, Maibach H I. Differential
irritant skin responses to topical retinoic acid and sodium
lauryl sulphate: Alone and in crossover design. Br J
Dermatol 1996: 134 424-430.

5. Green B G, Bluth J. Measuring the chemosensory irrita-
bility of human skin. J Toxicel-Cutan Ocul Toxicol 1995:
14: 23-48.

6. Jordan W P, Atkinson L E, Lai C L. Comparison of the
skin irritation potential of two testosterone transdermal
systems: An investigational system and a marketed prod-
uct. Clinical Therapeutics 1998: 20: 80-87.

7. Kobryn-Kosyak C E, Robinson M K, Davis D P. A clinical
study to assess the neurosensory irritation potential of fa-
cial moisturizers among a defined sensitive skin group and
a defined normal group of subjects. The Toxicologist 1998:
42:293.

8. Robinson M K, Perkins M A, Basketter D A. Application
of a 4-h human patch test method for comparative and
investigative assessment of skin irritation. Contact Derma-
titis 1998: 38: 194-202.

9. Simion F A, Rhein L D, Morrison B M, Scala D D, Salko
D M, Kligman A M, Grove G L. Self-perceived sensory
responses to soap and synthetic detergent bars correlate
with clinical signs of irritation. J Am Acad Dermatol 1995:
32:205-211.

10. Verschoore M, Poncet M, Czernielewski J, Sorba V, and
Clucas A. Adapalene 0.1% gel has low skin-irritation po-
tential. J Am Acad Dermatol 1997: 36: S104-S109.

I1. York M, Basketter D A, Cuthbert J A, Neilson L. Skin
irritation testing in man for hazard assessment — Evalu-

12.

13.

14.

1.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

26.

27.
28.
29.
30.
31.

32

ation of four patch systems. Hum Exp Toxicol 1995: 14:
729-734.

Robinson M K, Parsell K W, Breneman D L, Cruze C A.
Evaluation of the primary skin irritation and allergic con-
tact sensitization potential of transdermal triprolidine.
Fundam Appl Toxicol 1991: 17: 103-119.

Basketter D A, Gerberick G F, Robinson M K. Risk As-
sessment. In: Kimber I, Maurer T, (eds): Toxicology of con-
tact hypersensitivity. London: Taylor & Francis, Ltd., 1996:
152-164.

Gerberick G F, Robinson M K, Stotts J. An approach to
allergic contact sensitization risk assessment of new chemi-
cals and product ingredients. Am J Contact Dermatitis
1993: 4: 205-211.

Robinson M K, Stotts J, Danneman P J, Nusair T L, Bay
P H. A risk assessment process for allergic contact sensit-
ization. Food Chem Toxicol 1989: 27: 479-489.

Basketter D A. Skin sensitization: risk assessment. Interna-
tional Journal of Cosmetic Science 1998: 20: 141-150.
Walker A P, Basketter D A, Baverel M, Diembeck W,
Matthies W, Mougin D, Paye M, Rothlisberger R, Dupuis
J. Test guidelines for assessment of skin compatibility of
cosmetic finished products in man. Food Chem Toxicol
1996: 34: 651-660.

Walker A P, Basketter D A, Baverel M, Diembeck W,
Matthies W, Mougin D, Rothlisberger R, Coroama M. Test
guidelines for the assessment of skin tolerance of poten-
tially irritant cosmetic ingredients in man. Food Chem
Toxicol 1997: 35: 1099-1106.

Judge M R, Griffiths H A, Basketter D A, White I R,
Rycroft R J G, McFadden J P. Variation in response of
human skin to irritant challenge. Contact Dermatitis 1996:
34 115-117.

Christensen M, Kligman A M. An improved procedure for
conducting lactic acid stinging tests on facial skin. J Soc
Cosmet Chem 1996: 47 1-11.

Soschin D, Kligman A M. Adverse subjective responses.
In: Kligman A M, Leyden J J, (eds): Safety and efficacy of
topical drugs and cosmetics. Grune & Stratton: New York,
1982: 377-388.

Weigand D A, Haygood C, Gaylor J R. Cell layers and
density of Negro and Caucasian stratum corneum. J Invest
Dermatol 1974: 62: 563-568.

Rienertson R P, Wheatly V R. Studies of the chemical com-
position of human epidermal lipids. J Invest Dermatol
1959: 32: 49-58.

La Ruche G, Cesarini J P. Histology and physiology of
black skin. Ann Dermatovenereologica 1992: 119: 567-574.
Corcuff P, Lotte C, Rougier A, Maibach H 1. Racial differ-
ences in corneocytes. A comparison between black, white
and oriental skin. Acta Dermatovenereologica 1991: 71:
146-148.

Warrier A, Wickett R, Harper R, Bowman J, Kligman A.
Racial variations in skin characteristics. Int Symp Bioeng
Skin 1994: (abstr).

McLaurin C I. Cosmetics for Blacks. A medical perspec-
tive. Cosmet Toiletries 1983: 98: 47-53.

Hood H L, Wickett R R. Racial differences in epidermal
structure and function. Cosmet Toiletries 1992: 107: 47-48.
Montagna W, Carlisle K. The architecture of black and
white facial skin. J Am Acad Dermatol 1991: 24: 929-937.
Olson R L, Gaylor J, Everett M A. Skin color, melanin,
and erythema. Arch Dermatol 1973: 108: 541-544.
Hearing V J, Tsukamoto K. Enzymatic control of pigmen-
tation in mammals. FASEB J 1991: 5 : 2902-2909.

Talwar H S, Griffiths C E M, Fisher G J, Russman A,
Krach K, Benrazavi S, Voorhees J J. Differential regulation
of tyrosinase activity in skin of White and Black individ-
uals in vivo by topical retinoic acid. J Invest Dermatol 1993:
100: 800-805.



78

ROBINSON

33.

34.

3s.

36.

37.

38.

40.

41.

42.

43.

45.

46.

47.

48.

49.

wh
[=4

52.

Kaidbey K H. Agin P P. Sayre R M. Kligman A M. Photo-
protection by melanin—a comparison of black and Cauca-
stan skin. J Am Acad Dermatol 1979: 1 249-260.
Holbrook K A, Wolff K. The structure and development
of skin. In: Fitzpatrick T B, Eisen A Z, Wolff K. Freedberg
I M, Austen K F, (eds): Dermatology in general medicine.
New York: McGraw-Hill. 1987: 93131,

Hilliges M. Wang L, Johansson O. Ultrastructural evidence
for nerve fibers within all vital layers of the human epider-
mis. J Invest Dermatol 1995: 104: 134-137.

Kennedy W R, Wendelschafer-Crabb G. The innervation
of human epidermis. J Newrol Sci 1993: 115: 184-190.
Reilly D M. Ferdinando D, Johnston C, Shaw C. Buchanan
K D, Green M R. The epidermal nerve fibre network: char-
acterization of nerve fibres in human skin by confocal
microscopy and assessment of racial variations. Br J
Dermatol 1997: 137 163-170.

Berardesca E. de Rigal J. Leveque J L, Maibach H I. In
vivo biophysical characterization of skin physiological dif-
ferences in races. Dermatologica 1991: 182: 89-93.

. Wedig J H. Maibach H 1. Percutaneous penetration of di-

pyrithione in man: Effect of skin color (race). J 4m Acad
Dermatol 1981 5. 433-438.

Williams R L. Thakker K M. John V. Lin E T. Liang-Gee
W, Benet L Z. Nitroglycerin absorption from transdermal
systems: Formulation effects and metabolite concen-
trations. Pharm Res 1991 8. 744-749.

Lotte C. Wester R C, Rougier A, Maibach H I. Racial
differences in the in vivo percutaneous absorption of some
organic compounds: a comparison between black. Cauca-
sian, and Asian subjects. Arch Dermatol Res 1993: 284
456-459.

Vandervalk P G M. Tupker R A. Transepidermal Water
Loss in Skin Disease with Special Reference to Irritant
Contact Dermatitis. In: Elsner P. Berardesca E. Maibach
H 1, (eds): Bioengineering of the skin: water and the stratum
corneum. Boca Raton, FL: CRC Press: 1994: 67-71.
Kompaore F. Marty J P. Dupont Ch. In vivo evaluation of
the stratum corneum barrier function in Blacks. Caucasi-
ans and Asians with two noninvasive methods. Skin Phar-
macol 1993: 6: 200-207.

. Reed J T. Ghadially R, Elias P M. Skin type, but neither

race nor gender, influence epidermal permeability barrier
function. Arch Dermatol 1995: 131 1134-1138.

Wilson D R. Maibach H 1. TEWL and the newborn. In:
Elsner P. Berardesca E. Maibach H I (eds): Bioengineering
of the skin: water and the stratum cornewm. Boca Raton,
FL: CRC Press, 1994: 115-132.

Wilson D, Berardesca E. Maibach H 1. In vitro transepider-
mal water loss: differences between black and white human
skin. Br J Dermarol 1988: 119 647-652.

Berardesca E. Maibach H I. Racial differences in pharma-
codynamic responses to nicotinates in vivo in human skin:
Black and White. Arch Derm Venereol 1990: 70. 63-66.
Guy R H. Tur E, Bjerke S, Maibach H 1. Are there age
and racial differences to methyl nicotinate-induced vasodil-
atation in human skin? J 4m Acad Dermatol 1985: 12:
1001-1006.

Marshall E K. Lynch V. Smith H W. On dichlorethylsulphi-
de (mustard gas) T1. Variations in susceptibility of the skin
to dichlorethylsulphide. J Pharm Exp Therap 1919: 12:
291-301.

. Weigand D A, Gaylor J R. Irritant reaction in Negro and

Caucasian skin. Sourh Med J 1974: 67: 548-55].

. Gean C J, Tur E, Maibach H [. Guy R H. Cutaneous re-

sponses to topical methyl nicotinate in black, oriental, and
caucasian subjects. Archt Dermatol Res 1989: 281 95-98.
Berardesca E. Maibach H 1. Racial differences in sodium
lauryl sulphate induced cutaneous irritation: black and
white. Conract Dermatitis 1988: 18; 65-70.

53.

54.

55.

56.

57.

58.

59.

60.

61.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Berardesca E, Maibach H. Cutaneous reactive hyperaemia:
racial differences induced by corticoid application. Br J
Dermatol 1989: 120: 787-794.

Berardesca E, Maibach H 1. Sodium-lauryl-sulphate-in-
duced cutaneous irritation. Comparison of white and His-
panic subjects. Contact Dermatitis 1988: 19: 136-140.
Berardesca E, Maibach H L. Effect of race on percutaneous
penetration of nicotinates in human skin: A comparison of
Whites and Hispano-Americans. Bioeng Skin 1988: 4: 31—
38.

Rapaport M J. Patch testing in Japanese subjects. Conract
Dermaritis 1984: 11 93-97.

Ishihara M, Takase Y, Hayakawa R, Nishikawa T, Niimura
M, and Tokuda Y. Skin problems caused by cosmetics and
quasidrugs: Report by six university hospitals to Ministry of
Health and Welfare. Skin Research ( Hifu) 1986: 28: 80-85.
Tadaki T, Watanabe M, Kumasaka K, Tanita Y, Kato T,
Tagami H, Horii I, Yokoi T, Nakayama Y, Kligman A M.
The effect of topical tretinoin on the photodamaged skin
of the Japanese. Tohoku J Exp Med 1993: 169: 131-139.
Basketter D A, Whittle E, Chamberlain M. Identification
of irritation and corrosion hazards to skin: An alternative
strategy to animal testing. Food Chem Toxicol 1994: 32:
539-542.

Basketter D A, Whittle E, Griffiths H A, York M. The
identification and classification of skin irritation hazard by
a human patch test. Food Chem Toxicol 1994: 32: 769-775.
York M, Griffiths H A, Whittle E. Basketter D A. Evalu-
ation of a human patch test for the identification and
classification of skin irritation potential. Contact Derma-
titis 1996: 34: 204-212.

2. Griffiths H A, Wilhelm K P, Robinson M K, Wang X M,

McFadden J, York M, and Basketter D A. Interlaboratory
evaluation of a human patch test for the identification of
skin irritation potential/hazard. Food Chem Toxicol 1997:
35: 255-260.

Basketter D A, Griffiths H A, Wang X M, Wilhelm K P,
and McFadden J. Individual, ethnic and seasonal vari-
ability in irrtant susceptibility of skin: The implications
for a predictive human patch test. Contact Dermatitis 1996:
35: 208-213.

McFadden J P, Wakelin S H, Basketter D A. Acute irri-
tation thresholds in subjects with Type 1-Type VI skin. Con-
tact Dermatitis 1998: 38: 147-149.

Stotts J. Planning, conduct, and interpretation of human
predictive sensitization patch tests. In: Drill V A, Lazar P,
(eds): Current concepts in cutaneous toxicity. New York,
NY. Academic Press, 1980: 41-53.

Asian skin “more prone” to burning, stinging, redness
from H&BA products. F-D-C Reports: The Rose Sheet
1998.

Gao X, Chen H D, Kligman A M. Topical tretinoin for
photoaging. The China experience. Journal of Applied Cos-
metology 1997: 15: 77-83.

Rostenberg A, Kanof N M. Studies in eczematous sensit-
1zations I. A comparison between the sensitizing capacities
of two allergens and between two different strengths of the
same allergen and the effect of repeating the sensitizing
dose. J Invest Dermatol 1941: 4 505-516.

Kligman A M. The identification of contact allergens by
human assay. 3. The maximization test: a procedure for
screening and rating contact sensitizers. J Invest Dermatol
1966: 47 393-409.

Fisher A A. Contact dermatitis in black patients. Cutis
1977: 20: 303-320.

North American Contact Dermatitis Group. Epidemiology
of contact dermatitis in North America: 1972. Arch
Dermatol 1973: 108 537-540.

. Matibach H. Clonidine: irritant and allergic contact derma-

titis assays. Contact Dermatitis 1985: 12: 192-195.



POPULATION DIFFERENCES IN SKIN RESPONSE 79

73.

74.
75.

76.

7.

78.

79.

80.

81.

82.

83.

Weltfriend S, Bason M, Lammintausta K, Maibach H 1.
Irritant dermatitis (irritation). In: Marzulli F N, Maibach
H 1, (eds): Dermatotoxicology. Washington DC: Taylor &
Francis, 1996: 87-118.

Goh C L. Contact sensitivity to topical medicaments, Int
J Dermatol 1989: 28: 25-28.

Goh C L. Prevalence of contact allergy by sex, race and
age. Contact Dermatitis 1986 14: 237-240.

Lejman E, Stoudemayer T, Grove G, Kligman A M. Age
differences in poison ivy dermatitis. Contact Dermatitis
1984: 771 163-167.

Cua A B, Wilhelm K P, Maibach H 1. Cutaneous sodium
lauryl sulphate irritation potential: age and regional vari-
ability. Br J Dermatol 1990: 123: 607-613.

Grove G L, Duncan §, Kligman A M. Effect of ageing on
the blistering of human skin with ammonium hydroxide.
Br J Dermatol 1982: 107 393-400.

Prystowsky S D, Allen A M, Smith R W, Nonomura J H,
Odom R B, Akers W A. Allergic contact hypersensitivity
to nickel, neomycin, ethylenediamine, and benzocaine. Re-
lationships between age, sex, history of exposure, and reac-
tivity to standard patch tests and use tests in a general
population. Arch Dermatol 1979: 115: 959-962.

Young E, van Weelden H, van Osch L. Age and sex distri-
bution of the incidence of contact sensitivity to standard
allergens. Contact Dermatitis 1988: 19: 307-308.

Wantke E Hemmer W, Jarisch R, Gotz M. Patch test reac-
tions in children, adults and the elderly - A comparative
study in patients with suspected allergic contact dermatitis.
Contact Dermatitis 1996: 34: 316-319.

Kwangsukstith C, Maibach H 1. Effect of age and sex on
the induction and elicitation of allergic contact dermatitis.
Contact Dermatitis 1995: 33 289-298.

Schwartz M. Eczematous sensitization in various age
groups. J Allergy 1952: 24: 143-148.

84.

8s.

86.

87.

88.

&9.

90.

Kligman A M. Assessment of mild irritants in humans. In:
Drill V A, Lazar P, (eds): Current concepts in cutaneous
toxicity. Academic Press: New York, 1980: 69-94.
Shenefelt P D. Epidemiology of irritant contact dermatitis.
In: van der Valk P G M, Maibach H 1, (eds): The irritant
contact dermatitis syndrom. Boca Raton FL: CRC Press,
1996: 17-22.

Kanerva L, Jolanki R, Toikkanen J. Frequencies of occu-
pational allergic diseases and gender differences in Finland.
Int Arch Occup Environ Health 1994: 66: 111-116.

Jordan W P, Jr., King S E. Delayed hypersensitivity in fe-
males. The development of allergic contact dermatitis in
females during the comparison of two predictive patch
tests. Contact Dermatitis 1977. 3: 19-26.

Leyden J J, Kligman A M. Allergic contact dermatitis: Sex
differences. Contact Dermatitis 1977: 3. 333-336.

Rees J L, Friedmann P S, Matthews J N. Sex differences
in susceptibility to development of contact hypersensitivity
to dinitrochlorobenzene (DNCB). Br J Dermatrol 1989:
120: 371-374.

Lammintausta K, Maibach H I, Wilson D. Mechanisms of
subjective (sensory) irritation. Propensity to non-immunol-
ogic contact urticaria and objective irritation in stingers.
Derm Beryf Umwelt 1988: 36: 45-49.

Address:

Michael K. Robinson

Human & Environmental Safety Division
The Procter & Gamble Company

Miami Valley Laboratories

Cincinnati, OH 45253-8707

Us4



