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Influence of temperature on irritation in the
hand/forearm immersion test

P. CLARYS, I. MaNoU AND A. O. BAREL

Algemene en Biologische Scheikunde, Hoger Instituut voor Lichamelijke Opvoeding en
Kinesitherapie, Vrije Universiteit Brussel, Belgium

As indicated by in vitro experiments the penetration of irritants through the skin is significantly
influenced by the temperature of the solution. /n vivo experiments, demonstrated equally a signifi-
cant influence of temperature in surfactant-induced skin irritation. In order to evaluate the irritant
potential of detergent solutions under normal user conditions, we used the hand/forearm immer-
sion test. We compared 2 detergents with different anionic character in a repetitive immersion
protocol (30 min immersion on 4 consecutive days). The solutions were tested at 2 temperatures
(37°C and 40°C). The irritation was quantified by assessment of the stratum corneum barrier
function (transepidermal water loss), skin redness (¢* colour parameter) and skin dryness (capaci-
tance method). Both detergents affected the integrity of the skin in a significant way. The anionic
content as well as the temperature of the solutions were found to be determinative for the irritant
potential, with a stronger response for higher anionic content and temperature, respectively.
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The hand/forearm immersion test is a laboratory
technique very similar to normal user conditions
of dishwashing detergents. The experimental con-
ditions must be well-standardized, since the de-
velopment of irritation is influenced by several
factors, such as duration of immersion, concen-
tration of the products, number of repetitions,
etc.

As indicated by the in vitro results of Emilson et
al. (1), the penetration of irritants through the skin
is significantly influenced by the temperature of the
solution. In vivo experiments indicate equally in-
creased penetration as a function of increased tem-
perature (2), resulting in increased irritation of the
applied irritant (3-5). The latter was demonstrated
by the results of Berardesca et al. (4) using re-
peated open applications of sodium lauryl sulfate
(SLS) solutions at different temperatures (4°, 20°
and 40°C), and by the results of Ghlenschlager et
al. (5) using repeated immersions in an SLS solu-
tion at 20° and 40°C.

More recently developed detergents (non-ionic)
seem to be milder compared to the classical ionic
detergents containing lauryl sulfate (6). In our ex-
periment, we compared a moderate anionic deter-
gent (a sodium laureth sulfate-1,2 ethoxylate) with

a milder detergent where half of the anionic mol-
ecules were replaced by non-ionic molecules (lauryl
glucoside). The solutions were tested at tempera-
tures very close to the temperatures used under
domestic conditions (37° and 40°C). Irritation was
assessed by means of noninvasive biophysical
measurements (7).

Materials and Methods
Subjects

2 groups of 6 healthy volunteers (male and female
aged between 18 and 26 years) were selected for
the study. The subjects were informed concerning
the study procedure and gave their written con-
sent. One group participated in the evaluation of
the detergents at 37°C, and the other at 40°C.

Products

2 dishwashing detergent solutions were compared.
1 product (product 1) contained solely an anionic
surfactant (sodium laureth sulfate with 1-2 eth-
oxylations). The 2nd product (product 2) con-
tained a mixture of sodium laureth sulfate (SLES)
with 1-2 ethoxylations and a nonionic surfactant
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(lauryl glucoside). Both detergents were of the
highest technical purity. 1% solutions of the prod-
ucts were made with tap water and heated to 37°C
or 40°C by a heater/stirrer in plastic tanks.

Immersion method

The subjects placed one hand and forearm in the
tank containing the anionic detergent while the
other hand and forearm were placed in the tank
containing the combined surfactants according to
a randomized model. The study was conducted
under double-blind conditions, since products were
coded for the volunteers and the experimenter. The
hand/forearm was placed in the tank for 30 min.
When immersion time had expired, the arm was
adequately rinsed with tap water and dried by pat-
ting with soft towels. The same immersion pro-
cedure was repeated 4X over 4 consecutive days
(24 h interval). -

Measurements

Measurements were performed before the Ist ex-
posure (immersion 0), 24 h after the 2nd exposure
and 24 h after the 4th exposure (immersions 2 and
4, respectively). Skin irritation was assessed as fol-
lows.

(i) Transepidermal water loss (TEWL). The
measurements were performed using the Tewa-
meter TM210 (Courage & Khazaka, Koln, Ger-
many) according to the guidelines of Pinnagoda
et al. (8). '

(i) Skin colour. Skin colour was evaluated by
means of the Chromameter CR200 in the L* a* b*
measuring mode (Minolta Camera Co., Ltd.,O-
saka, Japan). The a* colour parameter was se-
lected as a sensible criterion for detection of skin
redness (9).

(ilf) Water content. The water content of the
stratum corneum was assessed using the capaci-
tance technique (Corneometer CM820, Courage &
Khazaka, Koln, Germany), as proposed by Barel
and Clarys (10).

Measurements were carried out under controlled

environmental conditions (temperature 20°C+2°C,
relative humidity 45%=5%). All volunteers under-
went an acclimatization period of 30 min before
every measurement. All measurements were per-
formed on the dorsal side of the hand and on the
volar aspect of the forearm (at the midpoint be-
tween wrist and elbow).

Effects on the different parameters after the im-
mersions were statistically evaluated using the
Friedman test combined with a Wilcoxon test. The
Mann-Whitney U-test was used for comparisons
between the 2 populations. The differences in base-
line values were taken into account by using base-
line values adjusted to that particular test. A
paired z-test was used for comparison of products
within the same test group. The significance level
was set at 5%.

Results

Tables 1-3 detail the results of the immersion pro-
cedures carried out at 37 and 40°C, respectively.
The differences in baseline TEWL and stratum
corneum capacitance values found between the test
groups remained within the reported range of in-
ter-individual variability of these parameters (8, 9).
Repetitive exposure of the skin to both detergents
at 37°C provoked a significant increase in TEWL
and only moderate or no alterations of skin colour
(a* parameter) and stratum corneum capacitance
values (Friedman test). The same immersion pro-
tocol carried out at higher temperature (40°C) in-
dicated a more pronounced skin response after ex-
posure to the solution with the highest anionic
content (Tables 1-3).

At both temperatures, no significant differences
were detected between the 2 products at any meas-
urement interval (z-test). However, due to the small
sample size (n=6), statistical type II errors may
easily occur. TEWL seemed to be more sensitive
compared to the a* colour parameter and the stra-
tum corneum capacitance measurements, in order
to demonstrate the temperature effect (Mann-
Whitney U test).

Table 1. TEWL values (g/m*h) measured before (im=0) and 24 h after the 2nd (im=2) and 4th (im=4) immersions

Hand Forearm
prod 1 prod 2 prod 1 prod 2
im 37°C 40°C 37°C 40°C 37°C 40°C 37°C 40°C
0 14.8+5.5 18.4+4.5 14.1x3.5 18.6+3.4 8937 13.6+4.6 8.3+4.0 12.8+5.6
2 17.6x52  24.2x*51* 145+42 262+11.3* 11.8+4.6  18.3%6.6* 11.4+45%  21.7x11*
4 20.9x4.9*  28.0x7.0* 17.8+4.6* 341+11.9* 13.9+4.8% 23.2+7.8* 14.0x57%  28.8+11*

*Values differ significantly from values before immersion (Friedman Anova). A continuous line indicates a significant temperature
effect for the evaluated product (Mann Whitney U-test, performed on baseline adjusted values), (n=6).



242 CLARYS ET AL.

Table 2. a* colour values (arbitrary a* units) measured before (im=0) and 24 h after the 2nd (im=2) and 4th (im=4) immersions

Hand Forearm
prod 1 prod 2 prod 1 prod 2
im 37°C 40°C 37°C 40°C 37°C 40°C 37°C 40°C
0 8.4x+1.1 7.1£1.5 7.9+1.2 7.2*x1.4 5.4+0.8 4608 5.4+0.8 4.5+0.9
2 7.7x1.6 8.1x1.7 7.2+1.0 8.4+1.7* 5.5+0.9 5.2+0.7 5.2+0.6 5.4+0.8*
4 7.6+1.2 8.7+1.7* 7.6x1.0 9.5+2.3*% 5.6+0.7 5.9+0.7* 5.4%0.7 6.5+0.7*

*Values differ significantly from values before immersion (Friedman Anova). A continuous line indicates a significant temperature
effect for the evaluated product (Mann Whitney U-test, performed on baseline adjusted values), (n=6).

Table 3. Stratum corneum capacitance values (arbitrary capacitance units) measured before (im=0) and 24 h after the 2nd (im=2)

and 4th (im=4) immersions

Hand Forearm
prod 1 prod 2 prod 1 prod 2
im 37°C 40°C 40°C 40°C 37°C 40°C 37°C 40°C
0 659 5711 64x9 57+9 65x6 57x9 65+8 608
2 6310 58+10 60=x8 53%5 666 57£5 65=x7 50+8*
4 63x7 50x6 606 42+9*% 677 5610 60+6 52x12*

*Values differ significantly from values before immersion (Fricdman Anova). A continuous line indicates a significant temperature
effect for the evaluated product (Mann Whitney U-test, performed on baseline adjusted values), (n=6).

Discussion

The hand/forearm immersion protocol, by repro-
ducing the in-use conditions of detergents in a
more realistic way, seems to be a good method for
the investigation of the irritation/mildness prop-
erties of detergents used daily. Our results indicate
a temperature-dependent irritation effect which
was equally product dependent. Moreover, the skin
parameters used to quantify the irritation seem to
be sensitive enough to discriminate between the ir-
ritation/mildness properties of 2 dishwashing
products within 4 days. Our results are in complete
agreement with the literature on bioengineering
techniques for the objective quantification of irri-
tation, as we found an increase in TEWL (11) and
a* parameter (9, 12) and a decrease in stratum
corneum capacitance (10) characterizing the irri-
tation.

The results obtained in our experiments point to
the importance of temperature in irritation proto-
cols. The influence of temperature has already
been demonstrated by the in vitro experiments of
Emilson et al. (1). These authors measured SLS
penetration through excised skin at different tem-
peratures. SLS penetration was found to increase
as a function of temperature, which was explained
by temperature-dependent disorganization of stra-
tum corneum barrier function (1). These in vitro
findings were confirmed by in vivo studies evalu-
ating the irritancy of SLS solutions at different
temperatures, in a repeated open application pro-
tocol at 4°, 20° and 40°C (4), and a repeated im-

mersion protocol at 20° and 40°C (5), respectively.

Our results were obtained with more complex
domestic dishwashing products, instead of more
standard SLS solutions. However, our present re-
sults corroborate the previous studies, since they
also indicate stronger irritant responses at in-
creased temperature (4-5). Moreover, our findings
add some further insight into the shape of the irri-
tant capacity curve as a function of temperature,
as mentioned by Ghlensleger et al. (5). They indi-
cate the existence of a significant skewness to the
left of this curve, with much stronger irritant po-
tential at temperatures near 40°C. These findings
may point to the importance of fluidity of stratum
corneum lipids in the percutaneous penetration
process, a hypothesis equally proposed by Berarde-
sca et al. (4) as an explanation of increased irri-
tancy at higher temperatures. According to For-
slind (13), fluidization of stratum corneum lipids
occurs from 37°C upwards. This is above the nor-
mal temperature of the skin, but still at a physiolo-
gically acceptable level.

The irritant properties of SLS are well-docu-
mented, since SLS is used as a standard model irri-
tant in many experimental protocols (14). In order
to obtain milder detergents, SLS is often replaced
by less irritant anionic or non-ionic surfactants.
The more recently developed non-ionic and am-
photeric detergents are known to be milder com-
pared to the SLS solutions used earlier (15, 16).

Equally, as demonstrated by our results, the re-
placement of SLES by non-ionic surfactants seems
to result in milder products. We found weaker irri-
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tancy for the dishwashing product containing a
mixture of anionic and non-ionic surfactants, com-
pared to the product containing solely the anionic
surfactant. This is in complete agreement with the
paper of Effendy & Maibach (15), reporting on the
decreased irritancy of mixtures of non-ionic and
anionic surfactants compared to anionic surfac-
tants alone.

However, the findings of the present study dem-
onstrate that even mild products may become irri-
tant when repeatedly brought into contact with the
skin at 40°C.

In conclusion, our results indicate that tempera-
ture is an important variable in the evaluation of
the mildness/irritant potential of detergents. The
hand/forearm immersion test seems to be a reliable
method very close to the real situation of product
use. Instrumental determination of skin par-
ameters In irritation assessment permits objective
discrimination between products tested in daily
use. Both detergents, even at low concentrations
(1%), affected the integrity of the skin after 4 con-
secutive immersions at 40°C. This was clearly dem-
onstrated by the increase in TEWL, modification
of skin colour indicating redness, and dehydration
of the upper layers of the epidermis.

The irritation provoked in our experiments was
product-dependent, with a stronger response as a
function of concentration of anionic surfactants.
The differences in mildness/irritation properties of
the 2 test substances became clearer when using a
repetitive immersion protocol with a solution tem-
perature at 40°C, compared to a solution tempera-
ture of 37°C.
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