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Predictive testing of chemicals to assess their acute skin irritation potential is an important part
of the assessment of their toxicological profile. It is possible, where safety and ethical consider-
ations can be met, to do this work in groups of human volunteers. Previously, the relative respon-
siveness of atopics and non-atopics has been evaluated. The results showed that atopics (defined
broadly by high IgE reactivity) were a little more susceptible to skin irritation, but not significantly
so. In the present work, the relative reactivity of a skin atopic group versus a non-atopic group
was examined in more detail. Sodium lauryl sulfate (SLS) was applied at a range of concentrations
and exposure times, such that a fairly constant degree of skin irritation was produced. At various
time points, the irritation response was measured by visual assessment, chromametry, laser Doppler
flowmetry and transepidermal water loss. Using all of the methods of assessment, the reactions in
atopics were similar to or a little less than those seen in non-atopics. The conclusion is that atopics
and non-atopics will give similar results in a predictive human test for acute skin irritation. Fur-
thermore, the pattern of response obtained from short duration exposure should be predictive of
that following longer durations of (single) exposure.
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Individual susceptibility to skin irritation is a com-
plex matter; the human population is highly heter-
ogenous, but there is also the complication of the
many different types of irritant (both in terms of
mechanism and of potency) and of skin irritation
that they may cause, together with the numerous
variables associated with patterns of exposure.
Many of the parameters which are involved in this
diversity have been examined, some in great detail
(see, for example, 1-4). Of particular interest has
been the role of atopy in the predisposition to skin
irritation. However, what is understood by the
term atopy is not always clear. Mucosal atopy, de-
fined as elevated total serum IgE, the presence of
specific IgE to one or more common aeroallergens
and an appropriate (family) history, does not cor-
relate greatly with an increased susceptibility to
skin irritation (5, 6). On the other hand, there is
considerable clinical evidence that skin atopy, de-
fined as a past or present history of atopic derma-
titis, does correlate with a distinctly enhanced reac-
tivity to irritants (5, 7-9). This predisposition is
particularly marked in the occupational setting,

usually reflecting the impact of cumulative insults
to the skin (10, 11).

In practice, the increased susceptibility to skin
irritation of almost any selected group can be in-
vestigated by ethically approved human studies
using suitable volunteers. However, the data so
produced can be limited in the sense that any dif-
ferences seen between the test group and a suitably
matched control group may only be valid for the
irritants used and for the type(s) of exposure in-
volved (12). A similar criticism can be levelled at
predictive toxicology tests (whether they use hu-
man subjects, animals or in vitro models). Conse-
quently, when human volunteers have been used in
a standard protocol to determine the acute skin
irritation potential of substances (13), it has been
important to demonstrate what impact a number
of variables (e.g., sex, ethnic origin, skin type,
atopic status, season) might have on the outcome
and/or relevance of the data generated (6, 14-17).

In the light of the above considerations, for this
present work, we have chosen to evaluate in detail
the extent to which varying the duration of a single
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acute exposure might have an impact upon the pat-
tern of results observed, particularly when normal
subjects were compared with a group known to
have a particular susceptibility to irritation, skin
atopics. So that the potentially large variable, the
degree of irritation induced, should be kept to a
minimum, the concentration of the irritant applied
was adjusted, i.e., lower concentrations of irritant
were used for longer duration exposure. To provide
a more critical assessment, the skin reactions have
been assessed both visually and by using a range
of bioengineering techniques.

Materials and Methods
Test subjects

All volunteers gave fully informed consent for
their participation in the study. The atopic group
comprised 15 individuals (13 female, 2 male) of
mean age 24 years (range 18-32 years) all of whom
had a past or present history of atopic skin symp-
toms (18), involving dry and itchy skin. At the time
of the study, none had active eczema at the test
site. A reasonably matched group of 15 non-atop-
ics (8 female, 7 male) of mean age 24 years (range
22-32 years) had no past or present history of skin
symptoms, allergic rhinitis or asthma.

Irritant application

Sodium lauryl sulfate (SLS) (BDH, Poole, Dorset,
UK, >99%) was applied to the skin of the back
using 25 mm Plain Hill Top Chambers (Hill Top
Companies, PO Box 429501, Cincinnati, Ohio,
45242, USA) dosed with 250 ul. In this manner,
aqueous SLS concentrations of 0.5%, 1.0%, 5.0%
and 20% were applied for 24 h, 8 h, 4 h and 2 h
respectively. Empty chambers or chambers with
only the aqueous vehicle added were used as con-
trols and were applied only for 24 h. Applications
were timed such that all the chambers could be
removed at the same time. An adjacent completely
untreated skin site was used to provide baseline in-
formation.

Visual assessment of reactions

This was carried out at 15 min, 24 h, 48 h and 72
h after removal of the test patches. The scale used
is given in Table 1.

Chromametry

Skin colour was measured with a Minolta
Chromameter (CR-200, Minolta, Osaka, Japan)
which uses the standard tristimulus system defined
by the Commission Internationale de L’Eclairage

Table 1. Visual grading scale

Score Description of irritation reaction

0 no visible reaction

1 tobacco paper-like appearance, no erythema
2 slight patchy erythema

3 homogeneous erythema

4 erythema with oedema

5 erythema, oedema and vesicles/bulla

(CIE). The instrument has an interconnected sys-
tem of light source, filter and photodetector, which
simulates the Standard Observer functions and di-
rectly computes the chromatic dimensions of the
colour. The measurement mode was L*a*b*, and
the a* value (red-green axis) was used. The measure-
ments were performed in triplicate for each skin site.

Laser Doppler flowmetry

Blood flow was measured using a laser Doppler
flowmeter (LDF) (Periflux®, PFI, Perimed KB,
Stockholm, Sweden) according to the manufac-
turer’s recommendations. The instrument was ad-
justed to a frequency limit of 12 kHz and a time
constant of 0.2 s was used. The device was
equipped with a special multifibre probe (Perimed
KB) which has 7 fibre triplets in the head, 1 in the
middle and 6 forming a circle § mm in diameter.
Thus the blood flow value recorded is the mean of
7 spots. Blood flow was recorded with a a pen re-
corder for a period of about 30 s and the average
flow was estimated from the curve.

Transepidermal water loss

Transepidermal water loss (TEWL) was measured
with an Evaporimeter Epl (Servo-Med, Stock-
holm, Sweden). During measurements, the probe
was held manually, but an insulated metal labora-
tory clamp was used to prevent any heating of the
probe. The readings were taken 30 s after the appli-
cation of the probe to the skin, when the level had
stabilized.

Statistical analysis

The evaluation of any differences between the reac-
tions of atopic and non-atopics was carried out by
comparison of mean values and their 95% confi-
dence limits calculated using the Statistical Pack-
age for Social Sciences (SPSS, Chicago, 11, USA).

Results

The extent of the irritation reaction induced by the
various doses of SLS was assessed in a number of
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Table 2. Visual assessment — mean erythema values

Patch 15 min 24 h 48 h 72 h
none 0/0 0/0 0/0 0/0
empty 0.13 (0.52)/0.40 (0.83) 0/0 0/0 0/0
H,0 0.87 (1.24)/0.27 (0.70) 0/0 0/0 0/0
0.5% 3.73 (1.39)/3.67 (0.62) 3.93 (0.80)/3.67 (0.82) 3.40 (0.99)/2.67 (1.11) 0.73 (0.70)/2.20 (1.26)
1.0% 3.13 (1.13)/3.40 (0.91) 3.87 (1.21)/4.13 (0.92) 3.33 (1.59)/3.07 (1.22) 2.40 (1.54)/1.98 (1.33)
5.0% 2.73 (1.28)/1.87 (1.25) 3.87 (1.06)/2.80 (1.66) 3.07 (1.53)/1.93 (1.75) 1.80 (1.47)/1.27 (1.49)
20% 2.00 (1.13)/2.20 (1.15) 3.27 (1.39)/3.60 (0.83) 2.67 (1.35)/2.80 (1.21) 1.93 (1.58)/1.60 (1.06)

“Mean erythema value for non-atopics/atopics with the standard deviation in parentheses.

Table 3. Chromameter measurements

Patch 15 min 24h 48 h 72h

none 6.81 (1.75)/5.92 (1.73) 6.74 (1.63)/6.09 (1.85) 6.74 (2.15)/6.15 (1.90) 7.07 (2.03)/6.00 (1.97)
empty 7.49 (1.83)/7.97 (3.17) 7.10 (2.13)/6.46 (1.76) 7.15 (1.85)/6.24 (1.86) 7.08 (1.98)/6.36 (1.86)
H,0 11.53 (3.00)/8.63 (2.75) 9.36 (2.10)/7.82 (1.67) 9.36 (1.80)/7.50 (1.78) 9.35 (1.86)/7.48 (1.89)
0.5% 17.69 (4.24)/13.32 3.17)»  18.11 (4.38)/14.42 (1.75)®  16.25 (4.13)/12.53 (2.26) 14.04 (3.26)/11.82 (3.11)
1.0% 14.65 (4.75)/12.64 (3.02)  15.49 (4.11)/13.25 (2.14) 14.46 (4.82)/12.38 (2.40)  13.02 (4.73)/11.11 (2.49)
5.0% 13.37 (4.52)/10.25 (4.69)  13.94 (4.47)/10.58 (3.25) 12.94 (4.13)/9.74 (3.55) 11.07 (3.81)/8.52 (3.06)
20% 11.35 (4.88)/10.84 (4.02)  12.24 (4.28)/12.62 (3.45) 11.15 (4.16)/12.12 (3.59)  10.11 (3.42)/10.44 (3.63)

®Mean a* value for non-atopics/atopics with the standard deviation in parentheses.

®Difference significant at the 95% confidence level.

ways. Visual assessment of erythema was carried
out at several time points after treatment; the mean
erythema values are summarized in Table 2. As ex-
pected, untreated skin and skin sites patched with
either empty Hill Top Chambers or with water
showed little response. In contrast, SLS at all con-
centration/exposure time combinations led to a
substantial increase in erythema compared to the
controls. Although there was a 40-fold difference
in the highest and lowest SLS concentrations, the
adjustment to the duration of application resulted
in similar levels of erythema being generated. This
is shown graphically in Fig. 1, in which the data-
points for atopic and non-atopics have been com-
bined to provide a general overview. It is evident
from Table 2 that the response of atopic and non-
atopics was similar, although, in one case, treat-
ment with 5.0% SLS for 4 h, the atopic group ap-
peared generally less reactive.

Table 3 presents the assessment of redness using
the Minolta Chromameter. The acute treatments
employed in this study produced distinct erythema
rather than a scaly dryness pattern of reaction.
Consequently, the ¢* values do represent a reason-
able and objective measure of the degree of ery-
thema present. The readings from untreated skin
were similar to those taken from skin treated with
an empty Hill Top Chamber; measurements from
skin treated with a water filled Hill Top Chamber
were somewhat higher. Skin sites which had been
exposed to SLS gave higher chromameter readings,
with those on the site treated with 0.5% SLS being
the highest. However, readings on all the other

SLS-treated skin sites were also higher than those
on the untreated sites. Interestingly, the values on
atopic skin were in almost every case lower than
those on non-atopic skin. This was also true of the
control site treated with water only. Nevertheless
these differences were not statistically significant,
except in 2 instances. Given the number of com-
parisons between atopic reactivity and non-atopic
reactivity being made in this study, 64 in all, these
2 instances are quite likely to have occurred by
chance.

Skin blood flow at the treatment sites was evalu-

Mean erythema
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Fig. 1. The combined responses of atopics and non-atopics to

the various SLS dosing regimes. Mean erythema values have

been plotted against time; €=0.5%SLS; m=1.0% SLS; A=

5.0% SLS; m=20% SLS.
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Table 4. LDF measurements

Patch 15 min 24 h 48 h 72 h

none 29.2 (5.66)/22.9 (0.42) 25.7 (5.49)/23.1 (5.32) 27.3 (7.73)/26.9 (9.11) 25.9 (6.33)/23.8 (4.59)
empty 31.1 (7.81)/28.7 (11.90) 27.2 (4.89)/27.5 (9.75) 28.8 (7.06)/26.6 (6.79) 29.4 (6.90)/27.2 (7.90)
H,O 42.6 (11.65)/39.4 (15.22) 33.1 (12.64)/33.7 (10.48) 35.2 (10.63)/34.4 (8.98) 36.6 (11.02)/34.1 (5.73)
0.5% 166.0 (62.82)/140.6 (56.57)  158.3 (69.19)/117.4 (39.86) 112.8 (67.63)/94.6 (37.56) 91.2 (71.35)/97.3 (50.40)
1.0% 132.2 (63.72)/115.7 (52.92)  123.1 (76.50)/98.5 (42.23) 110.6 (86.28)/85.1 (49.77) 84.1 (68.28)/66.2 (37.30)
5.0% 71.2 (39.40)/53.2 (46.23) 99.9 (69.29)/68.7 (42.43) 75.1 (55.82)/53.3 (32.70) 59.3 (45.65)/44.9 (25.78)
20% 57.6 (44.19)/66.8 (59.95) 80.7 (54.31)/93.3 (46.63) 55.9 (32.71)/75.7 (62.59) 45.3 (23.51)/62.2 (43.55)

“Mean value for non-atopics/atopics with the standard deviation in parentheses.

Table 5. TEWL measurements

Patch 15 min 24 h 48 h 72 h

none 8.87 (6.61)/7.47 (2.92)» 5.80 (3.23)/6.00 (2.30) 6.00 (3.63)/6.40 (2.56) 5.66 (2.59)/6.67 (2.50)
empty 11.57 (5.18)/14.40 (10.51) 6.07 (3.54)/7.47 (2.23) 7.64 (5.46)/6.80 (2.04) 6.21 (2.94)/6.67 (1.88)
H,0 17.33 (5.18)/23.47 (23.32) 6.87 (4.78)/8.07 (3.17) 8.47 (4.02)/8.40 (2.61) 8.00 (3.96)/9.20 (3.76)
0.5% 63.27 (24.46)/68.47 (32.74)  54.40 (18.62)/63.00 (16.12)  31.33 (12.33)/34.07 (6.79) 28.00 (17.77)/39.60 (16.63)
1.0% 65.63 (34.09)/63.73 (26.62)  58.73 (34.30)/67.80 (36.81)  41.20 (26.52)/39.13 (15.04)  34.33 (31.34)/34.20 (17.10)
5.0% 54.67 (39.47)/53.27 (59.01)  42.07 (30.02)/34.80 (23.44)  29.40 (22.47)/23.53 (14.28)  23.80 (22.63)/17.33 (9.93)
20% 41.47 (44.75)/67.73 (42.11)  31.07 (26.61)/47.40 (24.84)  23.67 (13.98)/35.47 (18.62)  18.93 (9.80)/27.33 (17.35)

“Mean TEWL values in (g/m>h) for non-atopics/atopics with the standard deviation in parentheses.

ated by LDE The results are presented in Table 4.
As with the previously mentioned measurements,
control sites gave similar values to normal skin,
although the water treated sites had slightly elev-
ated values; there was essentially no difference in
the readings from atopics and non-atopics. More
noticeably than with the visual assessment of ery-
thema and the Minolta Chromameter readings, the
increase in blood flow was greatest following treat-
ment with lower doses of SLS for the longer dur-
ations. This was true even if allowance was made
for the difference in the timing of the initiation of
exposure. The figures for treatment with 20% SLS
for 2 h were only a little elevated compared to the
24 h water treatment values. However, as with the
Chromameter readings, the figures for atopics
tended to be lower than those for non-atopics.

The final method of assessment was TEWL; the
mean values are presented in Table 5. The basal
TEWL values for the atopics were similar to those
for the non-atopics. This is in contrast to the ob-
servations of others (18). As would be expected,
occlusion either with an empty chamber or with
water led to a transient increase in the TEWL
value, but in all cases the readings returned to nor-
mal by the 24 h assessment time. Skin sites exposed
to SLS displayed marked increases in TEWL. The
TEWL readings then decreased with time, but in
no case had they returned to normal by 72 h.
Interestingly, although the readings for atopics and
non-atopics were similar in many cases, it was no-
ticeable that particularly following treatment with
20% SLS for 2 h, the TEWL values for atopics
were always higher than for non-atopics.

Discussion

The results of the study presented in this paper
indicated a number of points, including that the
overall pattern of the response to a given irritant
stimulus is fairly constant (Fig. 1). However, the
most interesting (and unexpected) observation was
that the reactivity of skin atopics was almost ident-
ical to that of the matched control group. This was
true whether the irritant stimulus was delivered
over a short or a long period and was evident
whether skin irritation was assessed visually or
with objective measures of skin colour, blood flow
or transepidermal water loss. As a consequence, it
was not possible to demonstrate that the duration
of exposure did, or did not, have any impact on
the relative degree of irritancy induded in skin
atopics v non-atopics.

Why was there no difference in the level of irri-
tation reactions to SLS? The answer to this ques-
tion is not at all clear. Certainly the atopic group
were all skin atopics according to standard criteria
(19). However, the test work was carried out on
healthy back skin — baseline values for all par-
ameters were closely similar in all subjects (Tables
2-5). It has been reported that basal TEWL values
may be raised in atopic dermatitis patients, but
may be dependent on disease status (reviewed in
(18)); these values were essentially the same in our
atopic and non-atopic subjects. However, the skin
of the back is not one of the most important sites
for the expression of atopic eczema. Furthermore,
our test work involved single acute application of
an irritant, whereas the key to the enhanced reac-
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tivity of atopics may actually lie in their increased
time taken to recover from an irritant stimulus,
thus giving a predisposition to cumulative rather
than acute skin irritation (10, 20). Thus it is rel-
evant that Stolz et al. recently reported that they
could not find an association between skin hyper-
irritability to acute irritant contact and skin atopy,
whilst Tupker et al. (22) reported an increased sus-
ceptibility to cumulative irritancy in their experi-
ments involving individuals with a past history of
atopic dermatitis. Nevertheless, others (5, 8, 23)
did find atopic dermatitis patients were more sus-
ceptible to acute irritation induced by treatment
with SLS.

In conclusion, the results presented indicate that
healthy skin atopics do not appear to be more
likely than normal subjects to react to an acute
irritant stimulus of a given intensity, whether that
stimulus is given over a short or over a relatively
prolonged period. The implication for predictive
testing of acute irritation potential in groups of
human subjects is that the information so pro-
duced should be broadly applicable rather than
specific to the type of population in which it is
generated.
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