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Moisturizers (emollients) are used frequently on normal and diseased skin. However, only few
studies have examined their effects in dynamic situations and in more clinically relevant settings.
We evaluated the effect of 4 commonly used products in a hairless mice model after acute skin
barrier perturbation with acetone. The efficacy was evaluated by measurement of the transepider-
mal water loss (TEWL) and electrical conductance at various time intervals during barrier repair.
The test products were compared with acetone-treated air-exposed controls allowed to recover
otherwise normally and with a known irritant product, chlorhexidine cream 1%. Locobase™ was
the most effective product in correcting barrier function and significantly improved barrier function
during early stages of barrier recovery (<6 h) without interfering with late stages of barrier recov-
ery (=6 h). The irritant control product, chlorhexidine cream 1%, delayed barrier recovery in the
late stages. The model makes it possible to evaluate the combined effects of exogenous and endo-
genous components on barrier repair and to select the potentially most effective products before
performing more cumbersome and time-consuming field studies.
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Moisturizers (emollients) are recommended for dry barrier perturbation with acetone. To investigate

and diseased skin, and they are frequently used in
dermatology and among workers in different indus-
tries. Previous studies have documented the efficacy
of moisturizers using non-invasive bioengineering
methods in healthy volunteers with normal skin (1-
4). However, until recently only few studies of mois-
turizers have focused on their efficacy and mechan-
ism of action in the epidermis after various types of
acute or chronic skin damage or during everyday ex-
posure to various irritants, representing the more
clinically relevant settings in which the products are
used. Because the products may interfere with vari-
ous types of skin reactions that occur after skin
damage, i.e. barrier repair, conditions drawn from
normal skin cannot without reservation be applied
to damaged skin. The present study evaluates the ef-
ficacy of 4 commercially available and commonly
used moisturizers in a hairless mouse model after

whether the moisturizers possessed irritant prop-
erties. we included a known irritant product. chlor-
hexidine cream 1%. as a positive control (5). Cu-
taneous barrier function was assessed by measure-
ments of the transepidermal water loss (TEWL) and
electrical conductance. The results were compared
with acetone-treated air-exposed controls allowed
to recover otherwise normally. Acetone was used,
because it selectively removes the stratum corneum
lipids. giving minimal cytotoxicy and a well-de-
scribed response (6).

Materials and Methods
Animals
Hairless. female mice (HR/HR) 1019 weeks old
were purchased from Bomholtgaard, Denmark.
They were fed a mouse diet (Atromin number
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1324, Brogaarden, Denmark), water ad libitum,
and caged with a 12 h day/night cycle. Each prod-
uct was tested in parallel in 10 mice, and a total of
22 control mice were included. Mice treated with
moisturizers or chlorhexidine cream 1% were com-
pared only with acetone-treated air-exposed con-
trols within the same group and within the same
period of time, to minimize variation between
groups of animals and day-to-day variation (7).
The study was performed blinded to avoid bias.

Anesthesia

The animals were anaesthetized by intraperitoneal
injection of 0.005 ml/g of Hypnorm™ (fluanisone
10 mg/ml, fentanyl 0,2 mg/ml, JanssensPharma A/
S, Denmark). Apozepam® (5 g/ml, Apotekernes
Laboratorium, Norway) and isotonic NaCl (1:1:2)
before barrier disruption and application of mois-
turizers or Chlorhexidine cream 1%. At later time
points intraperitoneal injection of 0.005 ml/g
Sombrevin® (propanidid, Lenau & Co, Denmark)
was used for short-term anesthesia.

Products tested

Essex™ (Schering Plough, Denmark), Decubal™
(Dumex A/S. Denmark), Locobase® (Yamanouchi
Pharma A/S, Denmark) and Natusan® (John-
son & Johnson A/S, Denmark) were selected, be-
cause they are often recommended in Denmark
and previously studied in normal human skin (7).

Chlorhexidine cream 1% (DAK. Denmark) was
used as an irritant control product.

Skin physiological measurements

Transepidermal water loss (TEWL) (Evaporimeter
EP1, ServoMed, Stockholm, Sweden), electrical
conductance (Skicon 200, IBS Ltd., Tokyo, Japan)
and skin surface temperature (Digital ther-
mometer, Ellab type TRD. probe diameter 12 mm)
were measured on the flanks of the mice. The
probes were handheld using gloves. Transepider-
mal water loss (TEWL) and skin surface tempera-
ture were measured once. Electrical conductance
was measured 2X at 5 points and expressed as a
median. All measurements were performed in an
incubator to minimize environmental disturbances
and to minimize draught. Anesthetized animals
were kept warm by an incandescent bulb to main-
tain a normal body temperature.

Barrier disruption and applications

To perturb the barrier function the flanks were
gently treated with acetone-soaked cotton balls

(Bie & Berntsen) as described previously (8).
Transepidermal water loss (TEWL) levels were in-
creased from 10 (8-10) g/m>h to 52 (46-60) g/m>h
(medians and 25-75 percentiles). A standardized
amount of moisturizer or chlorhexidine cream
1% was subsequently applied to an area of 1.6
cm” for | min with a gloved finger. New gloves
were used before each application. In case of
remnants of the products on the skin surface, 10
min before the first measurement they were re-
moved with absorbent paper tissue. Measure-
ments were performed at various time intervals
(1, 2, 3, 6, 9 and 24 h) at treated sites and on
normal skin on the contralateral site. The barrier
recovery in mice treated with moisturizers or
chlorhexidine cream 1% were compared with ace-
tone-treated air-exposed controls allowed to re-
cover otherwise normally.

Recovery of the transepidermal water loss
(TEWL) and conductance was calculated using the
equation:

(1—(x,—basal value/x,—basal value))x 100

x,=reading of TEWL or conductance at #; x,=
reading of TEWL or conductance immediately
after barrier disruption: r=1, 2, 3, 6, 9, 24 h.

Statistical methods

Results are given as medians and 25-75 percen-
tiles. Statistical analyses of data at various time
points were performed by using the non-para-
metric Kruskal-Wallis test, Mann-Whitney U-test
and Spearman’s rank correlation coefficient
(p<0.05).

Results

The skin surface temperature of the mice was con-
stant during the trial. so we did not correct the
transepidermal water loss (TEWL) for tempera-
ture. Measurement of TEWL and conductance on
normal skin were also constant during the trial.
Room temperature was 22.7°C (21.3-25.0°C) and
relative humidity (RH) 51% (37-66%).

Fig. 1 shows the barrier recovery for the differ-
ent products versus acetone-treated air-exposed
controls. Locobase®™ significantly improved barrier
recovery during early stages (<6 h) and did not
mterfere with the barrier recovery in late stages
(>6 h) (Fig. 1 A). Essex™ significantly improved
barrier recovery after 1 h, but after 24 h Essex®
slightly delayed barrier recovery (Fig. 1B). Natus-
an” showed no effect on barrier recovery either
in the early phase or in the late phase (Fig. 1C).
Decubal™ had no effect in the early stages, but in
the late stages it delayed barrier recovery signifi-
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1. The effect of Locobase cream®. Essex cream™. Natusan cream®™, Decubal cream™ and chlorhexidine cream 1% on barrier

recovery (%% TEWL) compared to acetone-treated air-exposed controls. Data points represent medians. Mann-Whitney U-test: *

p<0.03, **¥p=0.01, ***p=0.005, ****p=0.001.

cantly (Fig. 1D). Chlorhexidine cream 1% signifi-
cantly improved barrier function after 1 h, but in
the late stages it significantly delayed barrier recov-
ery (Fig. 1E).

Fig. 2 shows the relationship between recovery
of transepidermal water loss (TEWL) and conduc-
tance after 1 h for the 3 products that differed sig-

nificantly from acetone-treated air-exposed con-
trols (Spearman’s rank correlation coefficient,
p<0.,05). Locobase™ caused the most pronounced
improvement in barrier function (lowest TEWL,
highest conductance), whereas chlorhexidine
cream 17 was associated with the highest TEWL
and lowest conductance.
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Fig. 2. Relationship between TEWL and conductance for Loco-
base cream™, Essex cream™ and chlorhexidine cream 1% after
1 h. Natusan™ and Decubal ™ were non-significant from acetone
treated air-exposed controls. Data points represent medians
and 25-75 percentiles. Spearman’s rank correlation coefficient:
p=0.001.

Discussion

The present animal model was used to investigate
whether moisturizers (emollients) affect barrier
function in dynamic situations and to discriminate
between the effects of different products on barrier
recovery.

In a previous study, it has been shown that Lo-
cobase™ increased the skin hydration (capacitance)
in normal skin in healthy volunteers (7). This study
demonstrated that Locobase™ was the most effec-
tive product in correcting barrier function (trans-
epidermal water loss (TEWL)) in damaged murine
skin. Locobase™ significantly improved barrier
function during the early stages (<6 h) of barrier
recovery without interfering with endogenous bar-
rier recovery at later stages (>6 h) (Fig. 1A). Fur-
thermore, the efficacy of Locobase™ has been
tested among cleaners and kitchen workers during

everyday exposure to various irritants, and a posi-
tive effect was demonstrated both by clinical as-
sessment and skin physiological measurements (ca-
pacitance) (9). Field studies are important before
recommending moisturizers to workers. because it
has been shown that moisturizers and various lipid
components may interact both with barrier recov-
ery and various industrial products (10-15). None
of the products in this study impeded barrier re-
covery in the early stages (<6 h). but 2 of the 4
moisturizers significantly delayed barrier recovery
in the late stages (>6 h), and they may therefore
interfere with endogenous lipid synthesis (Fig. 1B.
ID). However, the clinical relevance may be ques-
tionable and should be tested. Chlorhexidine
cream 1% is a known irritant in the chamber scari-
fication test (5), and in our study it caused a more
pronounced delay in barrier recovery in the late
stages compared to acetone-treated air-exposed
controls (Fig. 1E). The deteriorating effect on bar-
rier recovery seen in this study may be explained
by its irritant properties. Not only the irritant
properties of a product but also occlusion may
cause delay in barrier recovery. It has been shown
that a vapor-impermeable membrane (Latex™) de-
layed barrier recovery after barrier perturbation
with acetone in hairless mice, whereas a vapor-per-
meable one (Goretex™) did not (8). However, the
effect of occlusion on barrier recovery in human
skin is questionable (16). Furthermore, although
petrolatum is one of the most greasy and occlusive
skin care products. petrolatum did not delay bar-
rier recovery after barrier perturbation with ace-
tone, either in mice or in humans (17). Therefore
moisturizers are probably only semiocclusive, and
another mechanism may account for the delay in
later stages.

When measurements of the transepidermal
water loss (TEWL) and conductance were com-
pared for the 3 products that significantly changed
both TEWL and conductance, we found a positive
correlation between TEWL and conductance after
I h (Fig. 2). Locobase™ caused the most pro-
nounced improvement in barrier function (lowest
TEWL, highest conductance), whereas chlorhex-
idine cream 1% was associated with the highest
TEWL and lowest conductance (positive control).

Studies in healthy volunteers (basal conditions)
have shown that application of moisturizers on
normal skin has an effect on electrical conduc-
tance/ capacitance. but not on transepidermal
water loss (TEWL) (1, 2, 7). Using the dynamic
model, we found that some products significantly
improved barrier recovery evaluated by measure-
ment of TEWL. One of those products was Locob-
ase™. Therefore Locobase™ was selected and evalu-
ated in a field study among cleaners and kitchen
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workers. The field study demonstrated that
cleaners and kitchen workers benefit from the use
of Locobase™, evaluated by both clinical assess-
ment and skin hydration (capacitance). However,
no change in TEWL was found in this study de-
sign, perhaps because the measurements were per-
formed on well-defined areas and not in skin with
visible changes (9).

The animal model presented makes it possible
to select the potentially most effective products be-
fore performing more cumbersome and time-con-
suming field studies. Because the time courses for
barrier recovery for animals and humans are dif-
ferent, it is not advisable to transfer results from
animal studies directly to human situations. How-
ever, a similar, parallel and significant improve-
ment in barrier recovery has been found during
petrolatum treatment after barrier perturbation
with acetone in mice and humans (9). Further
studies are needed to show whether results from
this model can in general be transferred to human
situations.
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