Skin permeability barrier and occlusion:
no delay of repair in irritated human skin*
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It has been reported that occlusive treatment of irritated skin results in a reduction of barrier
repair activities in hairless mice. In contrast, the clinically observed benefit of occlusion in the
treatment of hand eczema and other chronic skin diseases with a perturbed barrier function is
well-known. While the beneficial effect of occlusion has been proven for the treatment of psoriasis
there are no controlled clinical studies of the effect of occlusion on irritated human skin. We have
therefore evaluated the effect of various occlusive treatments on repair of the human skin per-
meability barrier under controlled experimental conditions. Barrier perturbation was induced
either by application of sodium lauryl sulfate (SLS) or by repeated tape stripping. This was fol-
lowed by treatment with different occlusive and semipermeable dressings, partly after pre-treatment
with petrolatum. Repair of water barrier function was evaluated by daily measurements of transepi-
dermal water loss (TEWL) for 1 week. SLS irritation and tape stripping led to a 6-fold increase
in TEWL as a sign of severe water barrier perturbation, followed by a stepwise decrease over the
following days. Occlusion did not significantly delay barrier repair as measured by TEWL. Only
in tape-stripped skin did TEWL stay at high levels during treatment with self-adhesive dressings.
This may be explained by damage of newly formed stratum corneum caused by changing of these
membranes. Our results indicate that, in contrast to earlier observations in hairless mouse skin,
permeability barrier repair activities are not significantly delayed by occlusive treatment in human

skin.

Occlusive treatment has positive effects in a variety
of skin diseases. It is a well-established therapy in
wound healing and in chronic inflammatory skin
diseases with perturbed barrier function (1-3). On
the other hand, experimental investigations in
hairless mice have recently shown that artificial
restoration of the water barrier by occlusion re-
sulted in a delay of epidermal repair activities. The
stimulation of DNA and lipid synthesis for re-
generation of the permeability barrier after dis-
turbance was reduced under occlusive conditions
and delayed dependent on the degree of occlusion
(4-6). These effects were demonstrated in hairless
mice and were in contrast to the clinical experience
of accelerated healing using occlusive dressings.
Animal models are of minor advantage for
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studying the barrier function of the skin, because
there are structural and functional differences from
human skin (7-8). It was therefore our objective to
evaluate the influence of occlusion on skin per-
meability barrier repair in human skin under con-
trolled experimental conditions.

2 different kinds of barrier abrogation, either by
irritation with the anionic surfactant sodium lau-
ryl sulfate (SLS) or by removal of the stratum
corneum by means of repeated tape stripping, were
investigated. For comparison with the studies in
hairless mice, in which a short time and single bar-
rier disturbance was investigated, we chose an
acute irritation model. For occlusion we used se-
veral membranes with different water vapor per-
meability, to look for effects that might be depen-
dent on the degree of occlusion. To simulate clin-
ical conditions,. the st experiment was repeated
with a combination of topical therapy and oc-
clusion. Therefore, the irritated areas were first
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treated with petrolatum as a standard vehicle be-
fore covering them with the membranes.

Materials and Methods
Occlusive dressings

4 membranes with different characteristics were
used:

OpSite®: semipermeable, self-adhesive
(Smith & Nephew Medical Ltd.,
Hull, UK)

Tegaderm®: semipermeable, self-adhesive
(3M, St.Paul, Minn., USA)

Gore-Tex®:  semipermeable, non-adhesive

(W.L.Gore & Associates GmbH,
Putzbrunn, Germany)

Polyethylene nonpermeable, non-adhesive

foil: (Melitta GmbH, Minden-Diitzen,
Germany)

The water vapor permeability of the occlusive
and semipermeable dressings was evaluated by
measuring the water evaporation from an evapor-
ation standard (9) (petri dish filled with 10 ml
water). The membranes were placed on the petri
dishes without extension. The measurements were
repeated on several days.

Gore-Tex had the highest water vapor per-
meability, with TEWL values of about 26 g/m? h.
OpSite and Tegaderm were less vapor permeable,
with values of about 10 and 7 g/m? h, respectively.
Polyethylene (PE) foil showed the lowest values
(about 2 g/m? h) and was nearly impermeable.

The occlusive effect of petrolatum was demon-
strated by TEWL measurements of healthy skin
before, 10 min, and 1 h after treatment. Petrolatum
decreased the TEWL immediately after appli-
cation to about 20% of baseline values in healthy
skin. After 1 h, the TEWL returned to nearly nor-
mal values.

Sodium lauryl sulfate was of analytical grade
purity (>99%, E. Merck, Darmstadt, Germany).

For tape stripping we used Tesa® (No. 4104, Bei-
ersdorf, Hamburg, Germany).

Experiment no. 1: Skin irritation and occlusion

10 healthy female volunteers (age 22-43 years,
nonatopics) were treated with sodium lauryl sul-
fate (SLS) to disturb stratum corneum barrier
function (day 1). 200 ul of 20 mM (=0.5%) aque-
ous solution were applied to 6 areas on the volar
side of the forearm. Occlusive polypropylene
chambers (diameter 25 mm, Hilltop, Cincinnati,
Ohio, USA) with the irritant were fixed with non-
occlusive tape (Scanpor, Norgesplaster, Vennesla,
Norway) and remained on the skin for 24 h. The
skin was then carefully washed with water and

dried with a soft paper towel to remove the re-
mains of irritant.

1 h after removal of the irritant, the areas were
covered with the different occlusive and semiper-
meable membranes for 2X23 h (days 2 and 3). One
area was left unoccluded as control. Treatments ro-
tated on the test sites between volunteers to avoid
an anatomical selection bias.

Measurements of TEWL were done on day 1 be-
fore treatment, on day 2 1 h after removal of the
irritant, and on days 3 and 4 1 h after removal of
the occlusive dressings. The last measurement was
done after 24 h without any treatment on day 5.
In this experiment, daily visual scores of erythema
and dryness were determined additionally.

Experiment no. 2: skin irritation and petrolatum/oc-
clusion

10 healthy volunteers (7 female, 3 male, age 22-47
years, nonatopics) were pretreated on 4 areas on
the volar side of the forearm with SLS, as de-
scribed above. On day 2, the irritant was washed
off. After 1 h, 3 areas were treated with pure white
petrolatum (7 mg/cm?): one test site was occluded
with Gore-Tex, another with PE foil, and the 3rd
left unoccluded. The 4th irritated area remained
untreated as control. The treatments rotated be-
tween the subjects. Measurements of TEWL were
performed daily: before irritation, 1 h after irri-
tation, 1 h after treatment, on day 5 without any
treatment.

Experiment no. 3: tape stripping and occlusion

In 10 healthy volunteers (9 female, 1 male, age 22—
40 years, nonatopics) on 5 areas of the volar aspect
of the forearm, the stratum corneum was partially
removed by repeated (30-40X) tape stripping, con-
trolled by an increase of TEWL up to at least 30
g/m? h. 4 areas were covered with the occlusive
membranes for 2X23 h, one area being left unoc-
cluded as control. Treatment rotated between vo-
lunteers.

TEWL was measured on day 1 before and after
tape stripping, on day 2 and 3 1 h after removal
of the dressings and on day 4 and 5 without any
treatment.

We used the Tewameter (TM 210, Courage &
Khazaka, Cologne, Germany) for TEWL mea-
surements. The volunteers rested for 20 min in a
room with an ambient air temperature of 20+1°C
and a relative air humidity of 50*5%, before per-
forming the measurements. The study design was
approved by the ethical committee of the Medical
University of Liibeck.

Statistical analysis was done using the Friedman



rank variance analysis with consecutive Wilcoxon/
Wilcox comparisons (10). The values of the differ-
ent treatments were compared with the untreated
control.

Results

Experiment no. 1

Treatment with SLS induced a defect of the per-
meability barrier as shown by a 6-fold increase of
TEWL (Fig. 1). The barrier repair process could
be observed over the following days by a stepwise
decrease of TEWL values. On the last day of inves-
tigation, TEWL still remained slightly elevated
compared to pre-irritation values. The decrease of
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Fig. 1. TEWL on the control site after irritation with SLS and
after tape stripping. The degree of barrier perturbation, as
measured by TEWL, was comparable independent of the differ-
ent mode of disturbance.
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Fig. 2. TEWL after irritation with SLS on day 1, occlusive
treatment on days 2 and 3. There were no significant differences
between the control site and the occluded areas.
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Fig. 3. TEWL after irritation with SLS on day 1, treatment
with petrolatum, partly with occlusive dressings on days 2 and
3. There were no significant differences between the control site
and the occluded areas.
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Fig. 4. TEWL after tape stripping on day 1, occlusive treatment
on days 1 and 2. Treatment with OpSite led to a delay of TEWL
decrease.

TEWL was not influenced by the different post-
irritation treatments with the occlusive dressings. -
There was no significant difference between the
various membranes and the unoccluded control
site. Furthermore, the different water vapor per-
meability of the membranes did not have any in-
fluence upon TEWL decrease (Fig. 2).

The SLS-induced visible skin irritation could be
demonstrated by an immediate erythema reaction
on day 2 and a delayed increase of dryness scores
with a maximum on day 4. Occlusive conditions
slightly diminished the visible changes under most
of the dressings except PE foil, which did not im-
prove the scaling. The difference between OpSite
and the control was significant for dryness and
erythema on day 4.
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Experiment no. 2

The increase of TEWL after SLS irritation lasted
for up to day 3, irrespective of the different treat-
ments, before decreasing over the following days.
On day 4, after 2 days of treatment, TEWL values
again reached the same level as on day 2 directly
after irritation. This course could be observed in
all areas. There was no significant difference be-
tween the control area, the petrolatum-treated test
site and the additionally occluded areas. Further-
more, the degree of occlusion of the different mem-
branes, low for Gore-Tex and high for PE foil, had
no influence upon TEWL (Fig. 3).

Experiment no. 3

Directly after tape stripping, TEWL increased
from about 7 g/m? h up to 40 g/m? h because of
the partial removal of the stratum corneum (Fig.
1). The regeneration of the barrier could be ob-
served by a rapid decrease of TEWL over the fol-
lowing days. Even at the control site, however, un-
til day 5, TEWL did not reach baseline values and
stayed slightly elevated. Some of the membranes
had no influence upon TEWL decrease, whereas
the treatment with OpSite led to a delay of TEWL
normalization. OpSite was a self-adhesive mem-
brane, in contrast to the other occlusive dressings
which were used in this experiment. The difference
between TEWL values of OpSite-treated areas and
the unoccluded control was statistically significant
at day 4 (p<<0,05). TEWL started to decrease only
after ending the occlusive treatment with this
membrane. Treatment with Gore-Tex and PE foil
did not influence the TEWL decrease, despite their
different water vapor permeability (Fig. 4).

Discussion

Skin contact with sodium lauryl sulfate leads to a
barrier perturbation with keratin denaturation and
fluidization of intercellular lipids. The per-
meability barrier of the skin is disturbed without
any loss of stratum corneum (11, 12). In higher
concentrations and with longer application time,
an inflammatory reaction with spongiosis and exo-
cytosis starts, followed by parakeratosis and
acanthosis.

It is well-known that skin irritation with SLS
can be demonstrated by an increase of TEWL (14,
15). Our experiments showed that TEWL normal-
ization as a parameter for water barrier integrity
and repair was not influenced by occlusive treat-
ment. Application of various occlusive and semi-
permeable dressings led to no further irritation or
delay of barrier repair, irrespective of the different

water vapor permeability of the membranes. Fur-
thermore, petrolatum plus occlusion did not in-
fluence repair time after acute skin irritation.

Tape stripping removes layers of the stratum
corneum and causes a barrier defect. It leads to
hyperproliferation without severe inflammation
(16-18).

In untreated skin, TEWL increased after tape
stripping for some days because of the loss of parts
of the stratum coneum. The high values were
caused by the remaining fully hydrated basal layers
of the stratum corneum, and returned to normal
values during regeneration of the barrier. Oc-
clusion as an artificial restoration of the per-
meability barrier showed different results in tape-
stripped skin: Gore-Tex and PE foil had no influ-
ence upon TEWL, whereas treatment with OpSite
delayed TEWL decrease. This effect could not be
explained by the water vapor permeability of the
membranes, which was high for Gore-Tex, medium
for OpSite and low for PE foil. The delay of bar-
rier repair seemed to depend on another difference
between these foils. OpSite was self-adhesive, and
the daily change of this membrane might have re-
moved newly formed layers of the stratum corne-
um. It is likely that this additional tape-stripping-
like artificial effect caused a further perturbation
of the barrier and was responsible for the delay of
TEWL decrease. The newly formed thin stratum
corneum after tape stripping seemed to be less re-
sistant against adhesives than the SLS-irritated
skin with a normal or increased horny layer.

In summary, our results indicate that occlusion
does not delay barrier repair in irritated human
skin. Occlusive treatment had no marked influence
upon healing after acute short-time irritation. It
neither additionally irritated the skin nor acceler-
ated the repair process.

This clearly contrasts with some previously re-
ported data. Investigations in hairless mice showed
a further deterioration of the barrier function by
occlusion in both the tape-stripping and the SLS-
irritation model. The integrity of the epidermal
permeability barrier is known to have an influence
upon DNA and lipid synthesis and lamellar body
secretion (4-6). Defects of the barrier with in-
creased transepidermal water loss are ac-
companied by a burst of synthesis (19, 20). This
was interpreted as barrier repair activity. Occlusive
treatment after barrier disruption as an artificial
restoration of the barrier, delayed DNA and lipid
synthesis, dependent on the water vapor per-
meability of the dressings. Some other investi-
gations in human skin demonstrated an increase
of TEWL after occlusion of healthy skin, and a
further barrier perturbation of SLS-irritated skin
under occlusive conditions (21, 22).



Investigations on the effect of occlusion on skin
permeability barrier should consider some side-ef-
fects of the treatment. Occlusive treatment in-
creases the hydration of the stratum corneum (23,
24). We found high values for electrical capaci-
tance for longer than 1 h after removal of the
membranes. This hyperhydration should be con-
sidered when determining the TEWL. The elevated
TEWL, which was found for hours after occlusive
therapy (25) and interpreted as irritation, might
only be due to prolonged evaporation of excess
water bound in the stratum corneum. This re-
lationship, with a positive correlation between
water evaporation and the hydration state of the
skin, was confirmed by investigations of Tagami
(26).

The irritant should be washed off after appli-
cation, before starting the occlusive treatment, to
avoid further influence of the irritant on the bar-
rier function or enhanced penetration into the
skin. Van der Valk & Maibach (22) found an in-
creased irritant response to SLS under occlusion.
In this study, the membranes were applied onto the
skin directly after the irritation without washing
off the SLS. Under these conditions, it is more
than likely that some remaining irritant under oc-
clusion caused the observed effects. Moreover, in
this study and in the investigations in hairless mice,
the TEWL was measured 10 min after removing
the membranes, when water release from the
hyperhydrated stratum corneum influenced the
values rather than a real water barrier defect.

In our study, we were able to demonstrate that
occlusion of various degrees did not have a del-
eterious effect upon barrier repair activity in hu-
man skin after acute and short-time irritation.
However, neither did occlusion have a positive ef-
fect upon barrier repair time, as was expected from
clinical experience in chronic skin diseases.

Occlusion is known to have an antiproliferative
and anti-inflammatory effect upon hyperprolifer-
ative skin diseases (27, 28). Chronic and repeated
barrier damage, as in hand eczema, leads to an
excessive and pathologic hyperproliferation, which
may itself result in high transepidermal water loss.
Occlusion seems to modulate the barrier repair ac-
tivities without stopping them totally. Acute short-
time irritation is followed only by a mild prolifer-
ation, which occlusion does not greatly influence
(29).

Particularly in psoriasis, the benefit of occlusion
has been well demonstrated (30, 31). Most of these
studies used self-adhesive membranes, and it has
been proposed that the improvement of the indu-
ration and the scaling might be a mechanical effect
of stripping away the scales (1). This was sup-
ported by the observation that the time of appli-
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cation, short-time versus prolonged occlusion, was
not very important to the final result (3).

In earlier studies, hairless mice were used for in-
vestigation of irritant contact dermatitis and oc-
clusive effects (4-6). When interpreting these re-
sults, some differences between the animal model
and human skin should be considered. The stra-
tum corneum of the hairless mouse skin was found
to be more fragile and less resistant to hydration
than human skin. Prolonged occlusion itself dam-
aged the stratum corneum barrier of the hairless
mouse but not of human skin (7, 8). It is more
than likely that a pre-damaged stratum corneum,
either by surfactant exposure or by tape stripping,
will be even more susceptable to this hydration
damage.

Our results suggest that the hairless mouse may
be a limited model for the study of barrier function
of human skin, especially in combmatlon with
hyperhydration and occlusion.
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