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The eVect of a protective cream was tested in a new volunteers (10). However, manufacturers of skin-care
products prefer easy study protocols that provide validtandem repeated irritation test with tandem application
data in a short time with few restrictions for the volun-of 0.5% sodium lauryl sulphate (SLS) and undiluted
teers. Therefore, short duration and easy applicationtoluene. The irritants were applied twice daily for 30 min
given in a one-week test using the forearms of healthyto the ventral forearms of 20 volunteers. Irritant cutaneous
volunteers was highly desirable.reactions were quanti� ed by a visual score, transepidermal

As a � rst step, a test model on the basis of the RITwater loss, chromametry and skin capacitance. Concurrent
was developed to optimize the concentration of irritantsapplication of SLS/toluene induced stronger reactions
against which protective creams are tested and to evaluatethan those caused by twice daily application of each
the necessary cumulative application time (11, 12). Itirritant on its own. A protective eVect of the protective
could be demonstrated that a one-week period was enoughcream was obtained against all treatment combinations
to evaluate the eYcacy of protective creams against mostand was signi� cant for SLS/SLS ( p £ 0.01) and SLS/
irritants even if lower concentrations of irritants were used.toluene ( p £ 0.05). Our results indicate that the tandem

Based on the RIT, a multicentre study subsequentlyrepetitive irritation test has great potential in the evalu-
was designed to standardize a test procedure for theation of skin care products to prevent irritant contact
evaluation of skin-protective products. In this irritationdermatitis. Key words: tandem repeated irritation test
study, a repeated short-time occlusive irritation test(TRIT); irritant contact dermatitis; protective cream;
(ROIT) was evaluated (13). Using 2 irritants (SLS andsodium lauryl sulphate; toluene; bioengineering methods.
toluene, each applied twice daily for 30 min), the evalu-

(Accepted January 7, 2002.) ation showed that signi� cant results could already be
achieved with the 5-day protocol.Acta Derm Venereol 2002; 82: 94–97.

It could be criticized that in all models presented, the
investigation of protective cream eYcacy has been lim-Peter Elsner, Department of Dermatology and
ited to the exposure of a single irritant only. The anionicAllergology, Friedrich-Schiller-University, Erfurter Str.
surfactant SLS and the organic solvent toluene have35, DE-07740 Jena, Germany.
mainly been used although repetitive contact to bothE-mail: elsner@derma.uni-jena.de
hydrophilic and hydrophobic substances together or,
more commonly, one after the other, occurs regularly
in the workplace setting.Much eVort has been undertaken to develop valid

We recently investigated concurrent application ofmethods for evaluation of the bene� t of protective
SLS and toluene, which showed that a mixed applicationcreams to prevent irritant contact dermatitis (ICD).
of these irritants induced signi� cantly stronger reactionsSince Suskind introduced the ‘‘slide test’’ to evaluate
than those caused by twice daily application of eachprotective creams in the 1950s (1) various in vitro and
irritant on its own (14). It is obvious that the additivein vivo studies have been performed to investigate both
eVect is important for the use of protective creams inthe eVects of irritants on skin barrier function and the
practice and the way they should be tested.bene� t of protective creams under experimental condi-

Therefore, the sequential application of 2 irritants intions (1–8). However, none of these studies is considered
the so-called tandem repeated irritation test (TRIT) wasto be close enough to real workplace situations.
investigated in the present study to evaluate the bene� tIn 1994, Frosch & Kurte introduced the repetitive
of a commercially available protective cream comparedirritation test (RIT) with cumulative irritation over a
with non-pretreated control sites.2-week period by standard irritants such as sodium

lauryl sulphate (SLS), sodium hydroxide, lactic acid
and toluene (9). This model has been used in many MATERIAL AND METHODS

laboratories as a routine procedure, as it was considered Subjects
to be suitable for comparing protective creams simultan- Twenty healthy non-preselected Caucasian volunteers (17

females and 3 males; aged 18–49 years, median 29 years,)eously with non-pretreated control sites on the backs of
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without any skin diseases were included. Informed consent Electrical capacitance, indicating the hydration level of the
skin, was measured by a Corneometer CM 825 (Courage &was obtained from all participants, and the study was approved
Khazaka, Cologne, Germany) (18).by the local ethics committee. Subjects were allowed to bathe

If the clinical score progressed to a severe degree ( ³ 5),as usual, but were instructed to avoid direct application of
exposure was discontinued. For these test areas, the maximaldetergents, moisturizers or emollients on their forearms during
scores and the measured values for TEWL, chromametry, andthe 5 days of investigation.
capacitance obtained on the day of discontinuance were used
for the � nal calculation.Protective cream

StatisticsThe composition (Stokoderm® , Stockhausen, Krefeld,
Germany) was in accordance with the INCI declaration: aqua,

Statistical analysis was conducted using SPSS/PC + (Versionoctyl stearate, glyceryl stearate SE, glycerin, cetearyl alcohol,
10.0, SPSS, Chicago, ILL, USA). Data of visual scoring aresodium bischlorophenyl sulphamine, isopropyl palmitate,
presented as means ± SEM. TEWL, skin colour a*, and skinglycol distearate, xanthan gum, ceteareth-6, phenoxy-
hydration (diVerences between baseline values and after irrita-ethanol, methylparaben, ethylparaben, propylparaben, butyl- tion) were determined. As the data were not normally distrib-paraben, ceteareth-25, fragrance. uted, the diVerences between means were checked for
signi� cance using the Wilcoxon test for paired data for the

Procedure erythema score, the comparison of TEWL, skin capacitance
and skin colour. The chosen level of signi� cance was p £ 0.05.

The application area was the clinically normal skin of the
medial volar forearms. The placement of test � elds and arms

RESULTS(6 chambers on the right and left forearms) was randomized.
Three test � elds were treated with 0.05 ml protective cream

The results of the TEWL are presented in Figs. 1–3 asrubbed onto a skin area 2 cm in diameter with a gloved � nger.
means ± SEM. All data of day 5 are presented in Table I.The other test � elds served as untreated controls. After 10 min

pretreatment, the irritants were applied on all 6 premarked Repeated application of SLS 0.5% twice daily induced
test sites on the forearms for 30 min under occlusion (Finn an irritant reaction indicated by a moderate increase in
Chambers, 12 mm diameter, � lling volume 0.05 ml; Epitest the visual scoring, a more pronounced increase in the
Ltd., Hyrlä, Finland). The volunteers were tested with 0.5%

TEWL values, a decrease in skin hydration, and anaqueous SLS (Sigma, St. Louis, MO) or undiluted toluene (E.
increase in the a*-values that con� rmed the visualMerck, Darmstadt, Germany). After removal of the patches,
scoring. There was a highly signi� cant diVerencethe skin was cleaned with a dry paper tissue. A second

exposure with 0.5% aqueous SLS or undiluted toluene was ( p £ 0.01) between SLS-treated sites and those that were
performed the same day, after 3 h. Thus, 3 treatment combina- pretreated with Stokoderm on day 5 for the visual score,
tions were investigated, resulting in a repeated irritation caused TEWL (Fig. 1) and chromametry.
by SLS/SLS; toluene/toluene; and SLS/toluene and the pre-

In contrast to SLS/SLS, the application of toluene/irritation application of Stokoderm on the respective test areas.
toluene caused only a moderate increase in the TEWLSince in a previous study the exact chronological order of the

irritants was shown not to have any eVect on the degree of over the study period, which was slightly suppressed by
irritation (14), the combination toluene/SLS was not included Stokoderm (Fig. 2). A moderate bene� t of the test
in the present study. Using this scheme of application, the product against toluene was also con� rmed by the
volunteers were treated from day 1 to day 4 (in each case at measurement of skin capacitance and the chromametry,the same time of day).

whereas the visual score showed contrary results.
Monitoring of the instrumental measurements andEvaluation methods

the visual score following sequential application of SLS/
The study was carried out from October to November 2000. toluene showed that the induced reactions were signi� c-
All visual scorings and bioengineering measurements to com- antly stronger than those caused by twice daily applica-
pare the intensity of reactions were performed daily before tion of the single irritants SLS or toluene. Additionally,starting treatments (days 1–4) and on day 5, by the same

pretreatment with Stokoderm suppressed the irritantobserver under controlled environmental conditions. All meas-
reaction presented by all measurements. The TEWL andurements were carried out in an air-conditioned room (room

temperature 20–22°C, relative humidity between 34% and the visual scoring indicated a signi� cant bene� t of the
46%) after 30 min for equilibration. product tested (Fig. 3).

Clinical score graded for erythema, scaling and � ssuring was
recorded according to Frosch & Kligman (15).

DISCUSSIONTransepidermal water loss (TEWL) (expressed in g/m2h) was
measured using an evaporation meter (Tewameter TM 210,

Though protective creams are one of the common meas-Courage & Khazaka, Cologne, Germany). Measurements were
ures to prevent ICD, their actual bene� t in the workplacetaken according to the Guidelines of the Standardization
is still regarded with scepticism (19) and has been debatedGroup of the European Society of Contact Dermatitis (16).

Instrumental colour measurements were taken with a Minolta in recent reviews (20–22). Reasons explaining a lack of
Chromameter (CR-200, Minolta, Osaka, Japan) according to protection in practice are ineYcient products (23), prod-
published recommendations (17). The colour coordinates were ucts that are eVective against a special irritant while
expressed in the L*a*b* 3-dimensional colorimetric system.

aggravating reactions caused by other irritants (11) orThe a* value is the component of separation between red
insuYcient application of products on exposed skin areas(positive value) and green (negative value) as a sensitive

measure for quantifying erythema. (24). However, so far, an investigation of relevant
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Table I. EVects of various treatment combinations (SLS, toluene) at day 5 for visual scoring, transepidermal water loss (TEWL,
g/m2h), skin redness (chromametry, a*) and skin hydration measured by capacitance (arbitrary units). Mean change and SEM

Treatments Visual Score TEWL Chromametry Capacitance

SLS/SLS
Control Mean 1.95 20.92 3.14 ± 9.07

SEM 0.25 3.34 0.75 2.15
Stokoderm Mean 0.95 12.15 1.12 ± 8.21

SEM 0.18 1.74 0.41 2.07
Toluene/Toluene

Control Mean 1.55 3.57 1.78 ± 14.33
SEM 0.32 0.82 0.69 2.74

Stokoderm Mean 1.80 2.38 1.62 ± 11.43
SEM 0.22 0.33 0.53 2.97

SLS/toluene
Control Mean 3.75 32.65 5.76 ± 14.27

SEM 0.27 5.92 0.79 3.50
Stokoderm Mean 2.65 14.54 4.60 ± 13.97

SEM 0.34 2.44 0.84 2.10

TEWL: transepidermal water loss; SLS: sodium lauryl sulphate.

Fig. 3. Change in transepidermal water loss ( n TEWL) (mean ± SEM,
n = 20) after sequential application of SLS/toluene (sodium laurylFig. 1. Change in transepidermal water loss ( n TEWL) (mean ± SEM,
sulphate) ( j ) and Stokoderm/SLS/toluene (h ). On days 4 and 5 then = 20) after sequential application of SLS/SLS (sodium lauryl
protective eVect of Stokoderm on the irritation was statisticallysulphate) ( j ) and Stokoderm/SLS/SLS (h ). On days 3, 4 and 5 the
signi� cant (*p £ 0.05 ).protective eVect of Stokoderm on the irritation was statistically

signi� cant (*p £ 0.05, **p £ 0.01).

combinations of irritants against which protective creams
can be tested has not been taken into account.

The most important risk factor for occupational con-
tact dermatitis is the exposure to irritants. Well-known
irritants are water (wet work), detergents and cleansing
agents, hand cleansers, chemicals, cutting � uids and
abrasives (25). Additionally, organic solvents are extens-
ively used in many industrial applications. Moreover, in
some professions contact with hazardous substances can
be complex and manifold. For instance, workers in the
metal industry are repeatedly exposed to water-based
metal working � uids, neat oils, detergents and organic
solvents. Therefore, the interaction between irritant
chemicals has signi� cant practical consequences.

Stokoderm® has previously been shown signi� cantly
to suppress the irritation caused by SLS and toluene as

Fig. 2. Change in transepidermal water loss ( n TEWL) (mean ± SEM,
single irritants in an animal model. The irritants weren = 20) after sequential application of toluene/toluene ( j ) and
applied daily for 2 weeks to the shaved back skin ofStokoderm/toluene/toluene (h ). The protective eVect of Stokoderm

on the irritation was not statistically signi� cant. young guinea pigs and the cream was applied 2 h prior
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materials against contact irritants and allergens. Contactto and immediately after exposure to the irritants.
Dermatitis 1998; 38: 155–158.Control animals were treated with the irritants only

9. Frosch PJ, Kurte A. EYcacy of skin barrier creams (IV).
(26). It is gratifying that our results con� rm the protect- The repetitive irritation test (RIT) with a set of 4 standard
ive eVect of Stokoderm against the single irritants, irritants. Contact Dermatitis 1994; 31: 161–168.

10. Schlüter-Wigger W, Elsner P. EYcacy of 4 commerciallyalthough the bene� t against toluene was not signi� cant
available protective creams in the repetitive irritation testin our test, which con� rms the results for other creams.
(RIT). Contact Dermatitis 1996; 34: 278–283.Additionally, the animal study did not assess combined

11. Wigger-Alberti W, Rougier A, Richard A, Elsner P. EYcacy
irritation in a tandem model. of protective creams in a modi� ed repeated irritation test

To establish a new method to evaluate the bene� t of (RIT): methodological aspects. Acta Derm Venereol 1998;
78: 270–273.protective creams, we performed the study with SLS

12. Wigger-Alberti W, CaduV L, Burg G, Elsner P.and toluene, which have been used as standard irritants
Experimentally-induced chronic irritant contact dermatitis toin various types of patch tests (2, 3, 9–14, 20, 23, 26). evaluate the eYcacy of protective creams in vivo. J Am Acad

These authors are aware of the necessity to evaluate Dermatol 1999; 40: 590–596.
further irritants. However, our results show that the 13. Schnetz E, Diepgen TL, Elsner P, Frosch PJ, Klotz AJ,

Kresken J, et al. Multicentre study for the development of anTRIT seems to have considerable potential in diVerenti-
in vivo model to evaluate the in� uence of topical formulationsating the eYcacy of protective creams in a relevant
on irritation. Contact Dermatitis 2000; 42: 336–343.

experimental setting that is quite close to a workplace 14. Wigger-Alberti W, Krebs A, Elsner P. Experimental irritant
situation where detergents and organic solvents are contact dermatitis due to cumulative epicutaneous exposure

to sodium lauryl sulphate and toluene: single and concurrentthe major irritants used not exclusively, but concur-
application. Br J Dermatol 2000; 143: 551–556.rently. Nevertheless, this model must be validated by

15. Frosch PJ, Kligman AM. The soap chamber test. A new� eld studies under actual conditions of use. Interaction
method for assessing the irritancy of soaps. J Am Acad

of further irritants should be investigated, with attention Dermatol 1979; 1: 35–41.
to professions where a multitude of hazardous sub- 16. Pinnagoda J, Tupker RA, Agner T, Serup J. Guidelines for

transepidermal water loss (TEWL) measurement. A reportstances may cause ICD. We hope that this model also
from the Standardization Group of the European Society ofproves useful in other hands to investigate both the
Contact Dermatitis. Contact Dermatitis 1990; 22: 164–178.eVect of combinations of irritants to the skin and the 17. Fullerton A, Fischer T, Lahti A, Wilhelm KP, Takiwaki H,

way skin-care products may prevent contact dermatitis. Serup J. Guidelines for measurement of skin colour and
erythema. A report from the Standardization Group of the
European Society of Contact Dermatitis. Contact Dermatitis.
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