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— Non-invasive multiple parameter measurement —
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Five volunteers received patch tests with 5% sodium lauryl sulfate (SLS) in solutions of differ-
ing pH. The irritant effect was monitored by visual scoring as well as by a laser Doppler
velocimeter, evaporimeter, cutometer, and colorimeter.

The non-invasive methods used in this study with the exception of the cutometer were ef-
fective in the evaluation of skin irritation. No significant differences in the skin responses
to SLS in different pH solutions were found either clinically or by the non-invasive methods
used for quantification. It was concluded that the pH of SLS is not a major factor in the degree
of skin irritation produced by SLS. (Ann Dermatol 2:(1) 13-16, 1990)
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Irritant contact dermatitis is a common clinical
problem, far commoner than allergic contact der-
matitis. Unlike allergic contact dermatitis, its
mechanism is poorly understood and its manage-
ment can be very difficult. Recently, a considera-
ble amount of experimental work in the field of
irritant contact dermatitis has been done. Patch
testing on human skin with sodium lauryl sulfate
(SLS) has become a major method of testing for
irritancy. However, the quality of SLS used has
varied markedly causing a great variation in the
irritancy potential.

The use of additional assessment parameters and
their correlation to one another could provide rele-
vant new information. Also, the study of cutane-
ous inflammatory reactions could be served by
assessment methods which can quickly and relaia-
bly detect changes at an early stage.
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Therefore, this study was undertaken to evalu-
ate the influence of pH on SLS irritancy potential
by visual scoring, by estimation of transepidermal
water loss with an evaporimeter, by estimation of
dermal capillary blood flow with a laser Doppler
velocimeter, by measurement of color difference
and density difference with a colorimeter and by
measurement of elasticity and plasticity of the skin
by a cutometer.

MATERIALS AND METHODS

Five healthy volunteers participated in the study;
all were males and had a median age 27.4 years
(range 25-30 years). Informed consent was obtained
from all volunteers. A 48-hour occlusive patch test
was prepared with 5% sodium lauryl sulfate (Sig-
ma Co.) in buffered and unbuffered solutions (pH
5 HCI, pH 7 distilled water, pH 9 NaOH). Ten
uL of 5% SLS was measured onto two layers of
filter paper that were placed inside a large alumi-
num Finn Chamber® (12mm in internal diameter,
Imm in depth, Epitest, Helsinki, Finland). The
Finn Chambers were fixed to the skin by non-
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occlusive tape (Scanpor®, Norgesplaster Als, Oslo,
Norway).

Patch tests were placed symmetrically on the vo-
lar side of the forearms. The SLS patches were
placed on the right forearm and the left forearm
was used as a control site and their placement was
not made known to the observer. Test chambers
were removed after 48 hours and the test reactions
were evaluated 30 minutes after removal to allow
any tape reaction to resolve.

The reactions were evaluated by clinical grad-
ing, according to the following scale: 0-no reac-
tion; 1-slight scaling or very weak erythema;
2-weak erythema, possibly slight infiltration;
3-marked erythema, infiltration, possibly vesicles
and crusting; 4-pronounced erythema, infiltration,

Table 1. Degree of the skin irritation of SLS
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possibly vesicles, bullae, pustules and/or
pronounced crusting.

To quantify the skin response further, the fol-
lowing non-invasive bioengineering methods were
used.

Transepidermal water loss (TEWL) was measured
by an evaporimeter (Servo Med, Stockholm,
Sweden). The methodology of evaporimeter has
been described in detail by Nilsson.! A laser
Doppler velocimeter (Perimed, Stockholm,
Sweden) was used for measuring the cutaneous
blood flow. Operating principles for this instrument
are described in Nilsson et al.? Skin elasticity and
plasticity was measured by a cutometer
(Courage+Khazaka, Cologne, W. Germany). Skin
color and density difference was measured by a

Subject No. Clinical grading TEWL (mg/cm?hr) Blood flow (mV) Skin color
5% SLS Control 5% SLS Control 5% SLS Control 5% SLS Control
1 0.8 0 19.3 -14 14.3 -1.3 4.2 0.1
2 2.3 0 23.0 -2.6 33.0 -0.7 4.5 0.3
3 3.0 0 31.7 -3.0 67.7 0 7.0 0.3
4 3.0 0.3 47.4 -0.5 97.0 3.3 11.4 1.2
5 1.3 0 21.8 1.7 67.7 -0.7 6.9 0.7
P value P<0.05 0<0.05 P<0.05 P<0.05

Each value was calculated as (diff* in pH 5+ diff in pH 7+diff pH 9)/3

*Difference between measurements before and after application of SLS.

Table. 2. Effect of pH on the irritation of SLS

Subject No. pH Clinical grading TEWL (mg/cm?hr) Blood flow (mV) Skin color

5% SLS Control

5% SLS Control

5% SLS Control

5% SLS Control
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13.8
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28.1

1.0 18 -2 3.89 0.63
-2.4 21 -1 4.42 0.18
-2.7 4 -1 424 -0.37
-2.4 65 0 5.20 0.50
-2.9 21 -2 4.84 0.82
-2.6 13 0 3.50 -0.28
-2.2 102 0 9.57 0.16
-4.1 36 0 4.42 0.61
-2.8 65 0 7.12 0.20

1.2 120 2 12.03 2.26
-1.2 72 6 9.43 0.66
-1.4 99 2 12.62 0.82

4.1 58 2 5.77 0.73

1.8 62 0 6.80 0.60
-0.8 38 -4 8.01 0.88

P value is statistically not significant.
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colorimeter (Minolta, Tokyo, Japan)

All visual scoring and instrumental recordings
were performed three times by the same investi-
gator. The laboratory temperature was kept in the
range 19-22°C, the relative humidity was 35-55%.
Disturbances in the laboratory during measure-
ments were kept to a minimum.

Statistics

The Wilcoxon matched-pairs tests were used
when comparing the different qualities of SLS. The
chosen level of significance was p<0.05.
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plasticity measured by the cutometer revealed no
consistent results (data not shown).

Table 2. shows the recorded values for each
parameter in different pH solutions (pH 5, pH 7,
pH 9). We did not feel that the pH of the SLS had
any influence on the irritancy potential. (Fig. 1.)

DISCUSSION

Sodium lauryl sulfate (SLS), an anionic surface
active agent used as an emulsifier in many phar-
maceutical vehicles, cosmetics, foaming dentifrices
and even food, is well known as a standard skin
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Fig. 1. Histogram of the skin irritation caused by SLS in different pH solutions. Each value indicates the difference between
5% SLS and the control in Table 2. A} Clinical grading B) Laser Doppler velocimeter C) Evaporimeter D) Colorimeter

RESULTS

The results from clinical testing are shown in Ta-
ble 1. The clinical grading correlated well with the
results of the evaporimeter, laser Doppler

velocimeter, and colorimeter. Skin elasticity and

irritant. But, the great variation in the SLS solu-
tions used suggested that this variation might result
in a difference in the irritancy potential. When
studying the literature on the subject, the concen-
tration of SLS used varied markedly from 0.25%
to 10%3%¢ and there were individual variations in
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skin sensitivity, regional variations,? climatic and
seasonal variations® and the volume applied to
the skin.”

Previously, we studied the relation between visual
scoring and skin blood flow of irritation reactions
and the optimum irritant concentration to be used
as a positive irritant control in routine patch
tests.® There was a good correlation between
visual scoring and skin blood flow using the laser
Doppler velocimeter. We found that a five percent
SLS could be used as a positive irritant control in
routine patch testing.

In the current study, 5% SLS is used to evaluate
the effect of pH on SLS irritancy potential as meas-
ured by non-invasive bio-engineering methods. The
laser Doppler velocimeter records the increased
blood flow which in most instances correlates well
with the visible changes of erythema and edema
in the irritant reaction.®? This method may,
however, not always quantitate the degree of reac-
tion.! 12 Good agreement has been reported be-
tween the laser Doppler velocimeter and the
evaporimeter in irritant reactions to SLS in hu-
mans." Non-invasive methods used in this study
have shown a relatively good correlation with clin-
ical grading except for the cutometer (data not
shown). There was an exception, however, in the
discrepancy between the visual grading and non-
invasive method findings in subject No. 4. The ex-
planation may be that non-invasive methods are
sometimes more sensitive than vision in detecting
skin irritation. The above data suggest that skin
color and density difference as measured by a
colorimeter, as well as transepidermal water loss
by evaporimeter and cutaneous blood flow by laser
Doppler velocimeter, can be a valuable and sensi-
tive method of detecing damage to the skin by SLS.

The results of clinical testing demonstrate that
no difference in skin irritation potential exists in
the varying pH levels of SLS solutions. These ob-
servations are, however, in contrast to the recent
study by Taves et al.! which suggested that a rise
in pH of anionic detergents caused increased irri-
tation of human skin. In the sample population
studied, no statistical significance was revealed.
But, Anger et al.3 reported that the differences in

Annals of Dermatology
Vol.2, No.1. January 1990

the skin irritation caused could hardly be related
to the difference in pH. This agrees with our
results. Thus, more populated and conditioned
studies are necessary to clarify the effect of pH on
the skin irritancy potential of SLS.

REFERENCES

1. Nilsson GE: Measurement of water exchange through
skin. Med Biol Eng Comput 15:209-218, 1977.

2. Nilsson GE, Tenland T, Oberg PA: Evaluation of a laser
Doppler flowmeter for measurement of tissue blood
flow. IEEE Trans Biomed Eng 27: 597-604, 1980.

3. Anger T, Serup ], Handlos V: Different skin irritation
abilities of different qualities of sodium lauryl sulfate.
Contact Dermatitis 21:184-188, 1989.

4. Dahl MV, Pass F, Trancik R]: Sodium lauryl sulfate ir-
rtant patch test (Il). Variations of test responses among
subjects and comparison to variations of allergic
responses elicited by Toxicodendron extract. ] Am Acad
Dermatol 11: 474-477, 1984.

5. Bruynzeel DP, Vanketel WG, Scheper R]: Delayed time
course of irritation by sodium lauryl sulfate. Observa-
tions on threshold reactions. Contact Dermatitis 8:
236-239, 1982.

6. Willis CM, Stephens JM, Wilkinson JD: Experimentally-
induced irritant contact dermatitis. Determination of
optimum concentration. Contact Dermatitis 18:20-24,
1988.

7. Frosch P, Kligman A: The Duhring chamber. An im-
proved technique for epicutaneous testing of irritant and
allergic reactions. Contact Dermatitis 5: 73-81, 1979.

8. Rhee JK, Kim HO, Kim JK, Kim CW: Assessment of
irritancy to sodium lauryl sulfate in man by laser Dop-
pler velocimetry. Kor J Dermatol 27: 157-163, 1989.

9. Nilsson GE, Otto U, Wahlberg JE: Assessment of skin
irritancy in man by laser Doppler flowmetry. Contact
Dermatitis 8:401-406, 1982.

10. Wahlberg JE, Nilsson GE: Skin irritancy from propy-
lene glycol. Acta Dermato-venereologica 64: 286-200,
1984.

11. Staberg B, Klemp P, Serup J: Patch test responses evalu-
ated by cutaneous blood flow measurements. Arch Der-
matol 120: 741-743, 1984.

12. Anderson KE, Staberg B: Quantitation of contact al-
lergy in guinea pigs by measuring changes in skin blood
flow and skin fold thickness. Acta Dermato-
venereologica 65:37-42, 1985.

13. Neste VD, Masmoudi M, Leroy B: Regression patterns
of transepidermal water loss and of cutaneous blood
flow values in sodium lauryl sulfate induced irritation.
A model of rough dermatitic skin. Bioeng Skin
2:103-118, 1986. '

14. Tavss EA, Eigen E, Kligman AM: Anionic detergent-
induced skin irritation and anionic detergent-induced
PH rise of bovine serum albumin. ] Soc Cosmet Chem
39:267-272, 1988.



