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Profile of irritant patch testing with detergents:
sodium lauryl sulfate, sodium laureth sulfate and alkyl

polyglucoside
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The cutaneous reaction to detergents follows distinct kinetic rules: the duration of application and
the irritant concentration are of major importance. The aim of this study was to evaluate the
differences in kinetics of skin reaction between the standard irritant sodium lauryl sulfate (SLS),
and 2 modern detergents: sodium laureth sulfate (SLES) and alkyl polyglucoside (APG). We per-
formed patch testing with SLS and SLES (or APG) at different concentrations (0.125, 0.25, 0.5,
1.0 and 2.0%) and with different exposure times (6, 12 and 24 h). Evaluation was conducted by
measurement of transepidermal water loss (TEWL) and laser Doppler flowmetry (LD) 24 h, 7 and
10 days after patch removal. We found a pronounced reaction to SLS, and a far milder one to
SLES. Even at the highest concentration the skin reaction to APG was hard to detect. During the
regeneration period (day 3–10) SLS showed even at day 10 an increased TEWL at all concen-
trations tested. The irritation due to SLES was convincingly detectable only up to day 7, whereas
the APG-tested skin areas showed no significant reaction even at day 3. These results demonstrate
the improvement in reduction of skin irritation achieved by development of novel detergents.
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In a recent study, the kinetics of irritant skin reac-
tion to the model irritant sodium lauryl sulfate
(SLS) were described (1, 2). However, SLS is
usually not a major irritant in daily practice. Mod-
ern detergents have replaced SLS in many fields,
because they seem to be less irritating. Because
SLS is still a standard model irritant for patch test-
ing of detergents (3–5), the diminished irritant po-
tential of newer detergents should be defined in
comparison to SLS. In this study, the kinetics of
irritant skin reaction to the modern detergents so-
dium laureth sulfate (SLES) and alkyl polygluco-
side (APG) is compared to those of SLS, following
the test protocol of the above-mentioned study (2).
Moreover, the regeneration phase of the irritated
skin will be observed over 10days, to investigate
possible differences between the irritants tested.

Patients and Methods

Study population

20 healthy volunteers (12 women and 8 men, aged
between 18 and 60years) participated in this study.

They were recruited from the out-patient clinic and
in-patient ward of the Department of Derma-
tology, University of Marburg (e.g. patients with
phlebological problems or for venom immunother-
apy). Informed consent was obtained from all par-
ticipants, and the study was approved by the ethi-
cal committee of the University of Marburg. Atop-
ic individuals and patients with dermatitis of any
kind were excluded. No patient received any sys-
temic immunosuppressive medication.

Test procedure

On the back of each volunteer 6 rows of test plaster
were applied, each containing 5 Large Finn
ChambersA (inner diameter 12mm, Epitest Ltd,
Hyrlä, Finnland) on ScanporA tape. The 5
chambers (each containing a filter paper) of the
first 3 rows were filled with 60mL SLS (Sigma, Ger-
many, 99% purity) 0.125%, 0.25%, 0.5%, 1.0% and
2.0% in water. The other 3 rows were filled with
either SLES or APG (Cognis Deutschland
GmbH & Co. KG, Düsseldorf, Germany) in the
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Table1. TEWL and LD values (D-value Ω difference to the basal value) on patch testing with different SLS concentrations and
exposure times. Results are displayed as median values, TEWL in g/m2/h

% 6h 12h 24h 3days 7days 10days

TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD

0.125 3.2 4.4 6.3 16.4 6.5 6.2 7.8 9.6 3.7 5.2 4.5 4.5
0.25 3.7 5.7 9.4 22.5 10.5 13.6 9.9 11.1 6.5 6.7 4.5 7.8
0.5 10.8 10.6 18.1 35.6 22.2 25.4 13.2 13.6 10.1 8.2 6.8 8.2
1.0 15.0 22.8 27.0 42.4 32.6 46.7 19.1 29.6 12.2 16.4 7.4 12.8
2.0 18.9 48.9 35.9 68.9 40.2 55.2 25.7 33.2 14.5 25.8 9.3 16.2

Table 2. TEWL and LD values (D-value Ω difference to the basal value) on patch testing with different SLES concentrations and
exposure times. Results are displayed as median values, TEWL in g/m2/h

% 6h 12h 24h 3days 7days 10days

TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD

0.125 3.2 2.8 4.6 11.7 6.5 7.4 4.5 3.8 4.6 2.7 3.2 0.2
0.25 3.1 3.8 6.3 10.5 6.8 14.3 5.9 5.1 5.5 3.6 3.6 3.4
0.5 5.2 4.4 12.0 12.7 12.7 24.8 9.4 9.9 5.1 8.3 3.0 1.1
1.0 9.6 13.0 13.6 20.7 17.3 30.1 10.5 7.8 6.8 2.4 2.6 5.2
2.0 13.3 19.7 17.7 32.1 24.0 41.2 11.1 10.5 5.9 5.3 4.1 2.8

same way as SLS. The first row of each detergent
was removed after 6 h and the skin reaction of each
SLS concentration was measured. The remaining
test rows were removed after 12 and 24 h and the
skin reaction was measured in the same way. For
the regeneration measurements at day 3, 7 and 10,
only those chambers that had been applied on the
skin for 24h, were evaluated. Testing was per-
formed according to the guidelines for sodium lau-
ryl sulfate exposure tests of the Standardization
Group of the European Society of Contact Der-
matitis (6).

During measurements the patient was lying face
down on a bed. Skin reactions were evaluated by
measurement of TEWL with a Tewameter TM210
(Courage & Khazaka, Cologne, Germany) and by
measurement of cutaneous blood flow with a Laser
Doppler (LD) Flowmeter (Peri Flux System 5000,
Perimed, Sweden) by use of an integrating probe.
Measurements were performed prior to appli-
cation of test chambers (basal values) and 24 h
after patch removal, because the effect of occlusion
lasts several hours after removal of the patch (7).
During the TEWL measurements, the probe was
hand-held by use of an insulating glove until a
stable TEWL value was established (�1 min). Air
convection was prevented by a protective measur-
ing-chamber and by reducing movement and
speech in the testroom. The test results were evalu-
ated by 2 experienced persons according to the
guidelines for transepidermal water loss measure-
ment of the Standardization Group of the Euro-
pean Society of Contact Dermatitis (8). Each
TEWL test value was the average of 3 single
measurements. Prior to measurement the volun-

teers rested for at least 0.5 h in the testroom, a fully
air-conditioned compartment [climatization with-
out air movement by ThermotexxA (MET AG,
Chemnitz, Germany)] with a stable temperature be-
tween 20 and 22æC and a relative humidity of 35–
62%. The tests were performed within a period of 12
weeks during winter and spring 2000/2001.

Statistical methods

Data were calculated with SPSS for WindowsA.
After calculation with the Kolmogorov–Smirnov
test, TEWL and LD values were shown as me-
dians. As there was no symmetrical contribution it
is not possible to calculate mean or standard devi-
ation values. Correlation between SLS concen-
tration and skin reaction as evaluated by TEWL
and LD was calculated by the Pearson correlation
coefficient. Differences between the detergents
were calculated by means of the Wilcoxon test.

Results

As the Kolmogorov–Smirnov test showed no sym-
metrical distribution, descriptive statistics were ap-
propriate for the calculation. The basal values were
6.5g/m2/h for TEWL and 14.5 for LD.

Acute irritation

TEWL and LD values are listed in Tables1–3 as
delta values (D Ω difference to the basal value).
TEWL test results are visualized in Figs1–3. There
was a clear-cut correlation between skin reaction
(evaluated by measurement of TEWL as well as of
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Table3. TEWL and LD values (D-value Ω difference to the basal value) on patch testing with different APG concentrations and
exposure times. Results are displayed as median values, TEWL in g/m2/h

% 6h 12h 24h 3days 7days 10days

TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD TEWL LD

0.125 3.2 3.5 3.5 6.4 0.2 2.1 0.4 0.3 5.2 5.2 2.5 1.9
0.25 3.6 2.5 2.8 3.4 3.6 0.1 5.2 ª0.1 2.9 2.5 3.6 1.1
0.5 4.1 6.2 3.8 1.9 3.9 2.7 3.7 2.5 4.3 4.1 3.2 2.4
1.0 3.0 3.2 4.1 4.2 0.1 0.3 4.5 3.2 0.5 2.9 4.3 2.7
2.0 3.1 1.6 4.5 4.1 4.4 1.3 4.1 0.6 2.4 6.4 4.1 3.1

LD) and detergent concentration and exposure
time (P�0.01) for SLS and SLES. However, SLES
produced at all concentrations a significantly lower
irritation than the corresponding concentration of
SLS. The severity of irritation caused by 2.0% SLS
is nearly as strong as that induced by 0.5% SLES.
APG showed no correlation between skin reaction
and detergent concentration, because it failed to
produce a significant concentration-dependent irri-
tation. The TEWL values after APG irritation
were for all concentrations only slightly higher
than the basal values (Fig. 3). Any dependency of
APG-induced irritation on the application time
was also not observed.

Regeneration time

TEWL and LD values measured after 3, 7 and 10
days are listed as delta values (D Ω difference to
the basal value) in Tables1–3. TEWL results are
visualized in Figs4–6. We found distinct differ-
ences between the 3 detergents tested in the re-
generation time: SLS showed the longest-lasting ir-
ritation. The strongest irritation was evaluated 24
h after removal of the patch and a continuous de-

Fig.1. Kinetics of SLS-induced DTEWL 24 h after patch removal.

crease in TEWL and cutaneous blood flow was ob-
served over the following days. Detectable irri-
tation by SLS lasted at least 10days, because even
at day 10 an increase in TEWL (which was even
slightly concentration-dependent) was observed.
After testing with SLES, the irritation could be de-
tected by measurement of TEWL up to 3days only.
After 7days no significant irritation was noted,
even at the highest concentration (2.0%). Because
we saw no substantial irritation after application
of APG, no regeneration could be seen either.

Discussion

SLS is one of the most irritant detergents and has
led to severe problems in occupational derma-
tology (9). In recent years several detergents with
lower irritancy have been developed. In this study,
2 of these detergents (SLES and APG) were com-
pared with SLS.

When the results of the 6–24 h patch test were
analyzed, we found in comparison to SLS signifi-
cantly less damage of the epidermal barrier caused
by SLES. However, the kinetics of the irritation
were similar: the greatest increase in irritation was
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Fig.2. Kinetics of SLES-induced DTEWL 24 h after patch removal.

observed with both detergents after the first 6h.
Subsequently, the irritation increased to a lesser
degree. This may relate to the penetration of these
detergents into the epidermis, which takes place
mainly during the first few hours after patch appli-
cation (10–13). The irritation caused by APG was
hardly detectable. We saw an increase in TEWL
(and a minimal one in LD values), which was not
dependent on the concentration of APG or the ap-
plication time. Therefore, we think that this mini-
mal irritation was not caused by the substance.
More likely it was the occlusion (and the water as
vehicle) itself which caused this minimal irritation,
as the irritant effect of both occlusion and water is
well-known (14–17). Therefore, it can be stated

Fig.3. Kinetics of APG-induced DTEWL 24 h after patch removal.

that even 2.0% APG applied over 24 h does not
produce any substantial irritation.

During the regeneration time of SLS, a continu-
ous decrease in the irritation can be observed.
However, even 10days after patch testing a concen-
tration-dependent increase in TEWL can be ob-
served. This was described in a similar way for
0.5% SLS in a study by Wilhelm et al. (18). Re-
generation of barrier disruption caused by SLS can
clearly not be achieved within a short period of
time. In a further study, regeneration times of up
to 4weeks have been described for SLS-irritated
skin (19). This long period may be due to the se-
vere irritation induced, as simple disruption of the
barrier (e.g. by tape-stripping) led to much faster
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Fig.4. Regeneration of DTEWL induced by 24 h application of SLS (application on day ª1, removal on day 0, measurement on
days 1, 3, 7 and 10).

regeneration. Hence, it must be detergent-specific
processes which are responsible for these long
periods of regeneration. A likely explanation may
be detergent remaining within the stratum corne-
um for long periods after removal of the test patch
(20).

Regeneration after skin irritation caused by
SLES takes place much faster than that induced
by SLS at the same concentration. 7days after re-
moval of the patch no increase in TEWL or LD
values as compared to basal values was observed.
These results document the distinctive character-

Fig.5. Regeneration of DTEWL induced by 24 h application of SLES (application on day ª1, removal on day 0, measurement on
days 1, 3, 7 and 10).

istic of SLES as an anionic detergent with lesser
irritancy, confirming previous findings (21). The
LD values support these results. Because cu-
taneous blood flow is a parameter for more severe
irritation, it is understandable that even after 3
days only slight SLES-induced irritation could be
observed. Therefore, for regeneration studies
TEWL measurement seems to represent a more re-
liable method.

Because we saw no irritation caused by APG,
no regeneration could be expected either. The
substantial advantage of APG as a low-irritant
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Fig.6. Regeneration of DTEWL induced by 24 h application of APG (application on day ª1, removal on day 0, measurement on
days 1, 3, 7 and 10).

detergent is emphasized. However, the claim that
non-detectable irritation is proof of nonexistent
irritation should be rejected. It has been shown
that even after a regeneration period of 10weeks
clinically normal skin still reacts significantly
more to further irritation, when compared to
non-pre-irritated skin. Therefore, a mild irritant
is still an irritant. But because we know very
well the effect of cumulative irritation, for daily
work these mildly irritating detergents should be
used. Even in combination with stronger irri-
tants, these mild irritants can reduce the irritant
effect of a detergent-containing product, which
may lead to a decrease in clinically relevant irri-
tation (20, 22). This effect may be of the greatest
relevance, especially for the many patients with
occupational dermatitis on the hands (23–25).

For the first investigation of an irritation profile,
the demonstrated test procedure should be used.
With this test procedure it is possible to investigate
the different irritant potential of detergents in de-
tail, both during the early acute irritant skin reac-
tion period and during the regeneration period.
After demonstration of a similar profile of irri-
tation between 2 detergents, a single 24 h patch
test may be sufficient for further evaluation. Be-
cause SLS is the best-known standard irritant (3,
5, 6, 26), we still recommend assessing the irritant
potential of other detergents by comparison with
SLS.

Acknowledgements

We thank Dr Peter Zoefel, Computer-Center, University
of Marburg, for statistical consultations and Sabine Wei-
mar for technical assistance.

References
1. Aramaki J, Effendy I, Happle R, Kawana S, Löffler C,

Löffler H. Which bioengineering assay is appropriate for
irritant patch testing with sodium lauryl sulfate? Contact
Dermatitis 2001: 45: 286–290.

2. Aramaki J, Löffler C, Kawana S, Effendy I, Happle R,
Löffler H. Irritant patch testing with sodium lauryl sulfate:
interrelation between concentration and exposure time. Br
J Dermatol 2001: 145: 704–708.

3. Agner T, Serup J. Sodium lauryl sulphate for irritant patch
testing: a dose–response study using bioengineering
methods for determination of skin irritation. J Invest
Dermatol 1990: 95: 543–547.

4. Effendy I, Maibach H I. Surfactants and experimental irri-
tant contact dermatitis. Contact Dermatitis 1995: 33: 217–
225.

5. Lee Ch, Maibach H I. The sodium lauryl sulfate model: an
overview. Contact Dermatitis 1995: 33: 1–7.

6. Tupker R A, Willis C, Berardesca E, et al. Guidelines on
sodium lauryl sulfate (SLS) exposure testing. Contact Der-
matitis 1997: 37: 53–69.

7. Friebe K, Effendy I, H L. Effects of skin occlusion in patch
testing with sodium lauryl sulfate. Br J Dermatol 2003: in
press.

8. Pinnagoda J, Tupker R A, Agner T, Serup J. Guidelines for
transepidermal water loss (TEWL) measurement: a report
from the Standardization Group of the European Society
of Contact Dermatitis. Contact Dermatitis 1990: 22: 164–
178.

9. Dihoom M, Mahmoud G S, Sudani Oh. An outbreak of
hand dermatitis among workers using sodium lauryl sulfate
for skin cleansing. Contact Dermatitis 1996: 34: 366–367.

10. Patil S, Singh P, Sarasour K, Maibach H. Quantification of
sodium lauryl sulfate penetration into the skin and underly-
ing tissue after topical application. Pharmacological and
toxicological implications. J Pharm Sci 1995: 84: 1240–
1244.

11. Agner T, Fullerton A, Broby-Johansen U, Batsberg W. Irri-
tant patch testing: Penetration of sodium lauryl sulphate
into human skin. Skin Pharmacol 1990: 3: 213–217.

12. Fullerton A, Broby-Johannsen U, Agner T. Sodium lauryl



32 LÖFFLER & HAPPLE

sulphate penetration in an in vitro model using human skin.
Contact Dermatitis 1994: 30: 222–225.

13. Loden M. The simultaneous penetration of water and so-
dium lauryl sulfate through isolated human skin. J Soc Co-
smet Chem 1990: 41: 227–233.

14. van der Valk P G, Nater J P, Bleumink E. Skin irritancy of
surfactants as assessed by water vapor loss measurements.
J Invest Dermatol 1984: 82: 291–293.

15. Agner T, Serup J. Time course of occlusive effects on skin
evaluated by measurement of transepidermal water loss
(TEWL): including patch tests with sodium lauryl sulphate
and water. Contact Dermatitis 1993: 28: 6–9.

16. Weßbecher R, Straube M, Szliska C, Schwanitz H J. Anam-
neseauxilium und gewebedermatologische Beurteilung bei
medizinischen Bademeistern, Masseuren und Physiothera-
peuten. Hautarzt 1998: 49: 912–919.

17. Tsai T F, Maibach H I. How irritant is water? An overview.
Contact Dermatitis 1999: 41: 311–314.

18. Wilhelm K P, Freitag G, Wolff Hh. Surfactant-induced skin
irritation and skin repair: evaluation of the acute human
irritation model by noninvasive techniques. J Am Acad
Dermatol 1994: 30: 944–949.

19. Lee J Y, Effendy I, Maibach H I. Acute irritant contact
dermatitis: recovery time in man. Contact Dermatitis 1997:
36: 285–290.

20. Rhein L D. Review of properties of surfactants that deter-
mine their interactions with stratum corneum. J Soc Co-
smet Chem 1997: 48: 253–274.

21. Barany E, Lindberg M, Loden M. Biophysical character-
ization of skin damage and recovery after exposure to dif-
ferent surfactants. Contact Dermatitis 1999: 40: 98–103.

22. Rhein L D, Simion F A, Hill R L, Cagan Rh, Mattai J,
Maibach H I. Human cutaneous response to a mixed sur-
factant system: role of solution phenomena in controlling
surfactant irritation. Dermatologica 1990: 180: 18–23.

23. Foulds I. Occupational aspects of eczema. In: Marks, R,
ed. Eczema. London: Martin Dunitz, 1992: 202–206.

24. Löffler H, Effendy I. Prevention of irritant contact derma-
titis. Eur J Dermatol 2002: 12: 4–9.

25. Schwanitz H J, Uter W. Interdigital dermatitis: sentinel skin
damage in hairdressers. Br J Dermatol 2000: 142: 1011–
1012.

26. Löffler H, Effendy I, Happle R. Epikutane Testung mit Na-
triumlaurylsulfat: Nutzen und Grenzen in Forschung und
Praxis. Hautarzt 1999: 50: 769–778.

Address:
Dr H. Löffler
Department of Dermatology
University of Marburg
Deutschhausstr. 9
D-35033 Marburg
Germany
Tel: π4964212862321
Fax: π4964212862324
e-mail: Harald.Loeffler/mailer.uni-marburg.de


