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Background The skin barrier function in patients with atopic dermatitis is disrupted
and prolonged topical steroid therapy produces epidermal barrier disturbance.
Olopatadine hydrochloride (olopatadine; Allelock®; Kyowa Hakko Kogyo Co.,
Ltd, Shizuoka, Japan) is an antiallergic drug with histamine H; receptor antagon-
istic action. This drug alleviates skin inflammation and decreases the number of
scratching episodes in a murine model of chronic contact dermatitis.

Objectives To investigate the effects of olopatadine and a steroid on the recovery of
skin barrier function after barrier disruption in mice.

Methods The skin barrier of the ears of mice was disrupted by tape stripping. The
recovery of skin barrier function was monitored by measurement of transepider-
mal water loss (TEWL) after barrier disruption. Epidermal hyperplasia was
induced by repeated tape stripping for 7 days. Olopatadine was administered
orally once daily from 3 days before the first barrier disruption. Betamethasone
17-valerate (betamethasone) was applied topically once daily from 3 days before
barrier disruption.

Results Tape stripping led to a significant increase in TEWL. TEWL decreased with
time after tape stripping and the skin barrier function recovered by over 60%
within 9 h after tape stripping. The recovery of skin barrier in olopatadine-
treated mice was significantly accelerated, compared with that in vehicle-treated
mice. In contrast, the skin barrier recovery in mice treated with topical betameth-
asone was significantly delayed, compared with that in vehicle-treated mice.
Combined treatment with olopatadine and betamethasone ameliorated the delay
in barrier recovery induced by topical treatment with betamethasone. In addition,
olopatadine significantly prevented the increase in epidermal thickness induced
by prolonged barrier disruption.

Conclusions These results suggest that systemic administration of olopatadine accel-
erates the recovery of skin barrier function and ameliorates the adverse effects of
topical steroids on skin barrier recovery.

Atopic dermatitis (AD), allergic contact dermatitis and psori-
asis vulgaris are the most common skin diseases. AD is a
chronically relapsing inflammatory skin disease characterized
by episodes of intense pruritus, multiple lesions with ery-
thema, excoriation, erosions, lichenification, papules, dry skin
and susceptibility to cutaneous infection. In the skin of
patients with AD, skin barrier function is disrupted, with
increase in transepidermal water loss (TEWL) and decrease in
skin hydration." The relationship of an increase of TEWL to
the severity of AD symptoms has been reported.” Patients with
AD often complain of intense itching. Scratching with finger-
nails causes physical damage to the skin and aggravates skin
lesions.’

Topical steroids and emollients have been widely prescribed
for the lesions in various inflammatory skin disorders inclu-
ding AD and contact dermatitis.* However, prolonged topical
treatment with steroids results in well-recognized skin abnor-
malities such as skin atrophy and epidermal barrier distur-
bance.® For example, prolonged steroid therapy produces
epidermal thinning and increases basal TEWL, indicating a
defect in skin barrier function.®” These adverse effects of ster-
oids are generally attributed to their negative effects on
keratinocyte proliferation and epidermal lipid synthesis.® A
more recent study has shown that, in the normal skin of
humans and mice, even short-term treatment with a potent
steroid could produce deterioration in barrier homeostasis,
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characterized by delayed barrier recovery and abnormal stra-
tum corneum integrity.8

Histamine H; receptor antagonists have long been pre-
scribed for patients with AD as an adjunct to therapy with
topical agents, in the belief that they reduce pruritus by block-
ing the action of histamine in the skin. Histamine is also
considered to contribute to the maintenance of skin barrier
function in the epidermis. In an experimental model of skin
barrier disruption, topical application of histamine delayed
barrier recovery and topical application of the histamine
H, receptor antagonist diphenhydramine accelerated barrier
recovery.9 However, it has not been shown whether adminis-
tration of histamine H, receptor antagonists under commonly
employed conditions (i.e. systemic oral administration) accel-
erates skin barrier recovery.

Olopatadine hydrochloride (olopatadine; Allelock®; Kyowa
Hakko Kogyo Co., Ltd, Shizuoka, Japan) is an antiallergic
agent with histamine H; receptor-antagonistic action. Olopata-
dine is indicated for the signs and symptoms of allergic rhini-
tis, chronic wurticaria, eczema/ dermatitis, prurigo, pruritus,
psoriasis vulgaris and erythema multiforme. We have reported
that olopatadine attenuates (i) the elevation of cytokines
such as interleukin (IL)-4 and interferon-y in the lesion and
(ii) increases in the number of scratching episodes in a mouse
model of chronic contact dermatitis induced by repeated chal-

1011 e have also demonstrated that olo-

lenge of hapten.
patadine suppresses the rebound phenomenon after the
discontinuation of topical steroid therapy in mice with chronic
contact dermatitis.!> The aims of this study were, firstly, to
investigate whether systemic administration of olopatadine
accelerates the recovery of skin barrier function disrupted by
tape stripping in mice and, secondly, to examine the effect of
olopatadine on the delay in skin barrier recovery in mice trea-

ted with topical steroid.

Materials and methods

Animals

Six-week-old male ICR mice were purchased from CLEA Japan
(Tokyo, Japan). The animals were kept in a specific pathogen-
free animal facility maintained at a temperature of 19-25 °C,
humidity of 30-70%, and a 12-h day/night cycle, and were
given access to food and water ad libitum. The experiments
were conducted in accordance with the Guiding Principles for
the Care and Use of Laboratory Animals and approved by the
Committee for Animal Experiments of Kyowa Hakko Kogyo
Co., Ltd (Shizuoka, Japan).

Materials

Olopatadine was synthesized at Yokkaichi Plant, Kyowa Yuka
Co., Ltd (Mie, Japan). Betamethasone 17-valerate (betametha-
sone) and chlorpheniramine maleate (chlorpheniramine) were
purchased from Sigma Chemical Co. (St Louis, MO, U.S.A.).
Olopatadine and chlorpheniramine were dissolved in distilled
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water. Betamethasone was dissolved in propylene glycol/
ethanol (7 : 3).

Recovery of skin barrier function

Skin barrier function was evaluated by measurement of TEWL
using a VapoMeter (Delfin, Kuopio, Finland). In mice anaes-
thetized with pentobarbital 50 mg kg™', the ventral surface of
the right ear was treated by tape stripping with cellophane
tape (Scotch; Sumitomo 3M, Tokyo, Japan) until TEWL
reached 40-50 g m > h™'. TEWL was measured just before,
immediately after and at 1, 3, 6 and 9 h after tape stripping.
The percentage of barrier recovery was calculated using
the following formula: (TEWL immediately after tape strip-
ping — TEWL at indicated time point)/(TEWL immediately
after tape stripping — TEWL before tape stripping) X 100%.
The areas under the curves (AUCs) for the skin barrier recov-
ery rates were calculated using the trapezoid method. Distilled
water, olopatadine at 1, 3 and 10 mg kg~ daily and chlor-
pheniramine 10 mg kg~ daily were administered orally to
mice once daily from 3 days before tape stripping. To exam-
ine the effects of olopatadine on the delay in the barrier
recovery in betamethasone-treated mice, distilled water or olo-
patadine 10 mg kg~ daily was administered orally to mice in
combination with topical application of either vehicle or
0:12% w/v betamethasone (0:012 mg per ear daily) once
daily from 3 days before tape stripping. Distilled water, olo-
patadine and chlorpheniramine were administered orally at a
volume of 1 mL per 100 g of body weight. Vehicle and beta-
methasone were applied at a volume of 10 pL per ear.

Quantification of histamine release from the skin

Skin biopsies (circles of 8 mm diameter) were taken from the
ear treated with or without tape stripping and incubated in
phosphate-buffered saline at room temperature for 30 min.
Histamine in the supernatant was quantified with a Histamine
EIA kit (MBL, Nagano, Japan), according to the manufacturer’s
instructions.

Epidermal hyperplasia induced by prolonged barrier
disruption

The ventral surface of the right ear of mice was treated
with repeated tape stripping until TEWL reached over
50 g m~* h™". This procedure was carried out twice daily for
7 days. Distilled water and olopatadine at doses of 3 and
10 mg kg™" daily were administered orally once daily from
3 days before the first barrier disruption. Twenty-four hours
after the final barrier disruption, mice were killed and the right
ear was removed. Punch biopsy specimens of the ear (circles
of 8 mm diameter) were weighed, fixed with 10% v/v neutral
buffered formalin and embedded in paraffin wax. Tissue sec-
tions were stained with haematoxylin and eosin for light
microscopic observation. Three sections were taken from each
ear specimen. On each section, 10 points were selected at
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random and the thickness of the epidermis was measured with
a digital high definition microscope (VH-7000C; Keyence,
Osaka, Japan). The mean epidermal thickness was calculated.

Statistical analysis

Data are presented as mean * SEM. The Aspin-Welch test or
Student’s t-test following the F-test was used for analysis of
differences between two groups. Multiple comparisons among
treatment groups were made by one-way analysis of variance,
followed by the Dunnett test. P < 0-05 was considered statisti-
cally significant. All statistical calculations were performed
with the Statistical Analysis System (SAS release 8.2; SAS Insti-
tute, Cary, NC, U.S.A.).

Results

Olopatadine accelerates skin barrier recovery

Mean + SEM TEWL values of the ear of mice treated with dis-
tilled water, and olopatadine at doses of 1, 3 and 10 mg kg_1
7906, 75+04, 82%05 and 76
04 gm > h™', respectively, indicating that treatment with
olopatadine for 3 days did not affect basal TEWL. In addition,

daily were

TEWL immediately after tape stripping in olopatadine-treated
mice was also comparable with that in distilled water-treated
mice (Fig. la). TEWL decreased with time after tape stripping
and skin barrier function recovered by over 60% at 9 h after
tape stripping in distilled water-treated mice (Table 1). In mice
treated with olopatadine at 3 and 10 mg kg~" daily, the recov-
ery of skin barrier function was significantly accelerated at 1 h
and at 1, 3 and 6 h after tape stripping, respectively, compared
with that in distilled water-treated mice (Fig. 1b). The AUC
for skin barrier recovery rates showed that olopatadine acceler-
ated skin barrier recovery in a dose-dependent manner
(Fig. 1c). In contrast, the classical histamine H; receptor antag-
onist chlorpheniramine at 10 mg kg™' daily did not have sig-
nificant effects on the AUC (Fig. lc).

Histamine release from the skin immediately after
barrier disruption

To ascertain the contribution of endogenous histamine to the
skin barrier recovery, we evaluated the amount of histamine

Fig 1. The effect of olopatadine (Olo) on the recovery of skin barrier
function after tape stripping. Distilled water (DW) and Olo at doses
of 1, 3 and 10 mg kg™" daily (a—) and chlorpheniramine (Chl) at
10 mg kg™ ' daily (c) were administered orally from 3 days before
barrier disruption. Transepidermal water loss (TEWL) was measured
before, immediately after and at 1, 3, 6 and 9 h after tape stripping
(a). Skin barrier recovery rate (b) and the area under the curve (AUC)
for the skin barrier recovery rate (¢) were determined as described in
Materials and methods. Results are expressed as mean + SEM (n = 8).
*P < 0:05, **P < 001, ***P < 0:001 as compared with the DW
group by Dunnett test.

released from the skin with or without tape stripping. Tape
stripping significantly increased the secretion of histamine

from the skin tissues within 30 min (Fig. 2).
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Table 1 The effect of olopatadine on skin
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barrier recovery after tape stripping

Skin barrier recovery (%)

1h 3h 6 h 9h
Distilled water 328+ 123 Al 2t o 585+ 14 657 %18
Olopatadine 1 mg kg™ 373 £ 34 52:0 £ 2:5 57:5%£20 650 %20
Olopatadine 3 mg kg™" 462 + 4-2% 569 £ 26 622+£23 713%30
Olopatadine 10 mg kg™ 523 + 23%E 623 £ 19FK 676 + 2:6% 725 * 21
Chlorpheniramine 10 mg kg~'  44:0 + 2:5## 563 + 36 61:3+£27 673%19

Data are presented as mean £ SEM (n = 8). *P < 0:05, **P < 0-01, **¥*P < 0-:001 as com-
pared with the distilled water group by Dunnett test. ##P < 0-01 as compared with the
distilled water group by Student’s t-test.

Normal
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Fig 2. The release of histamine from the skin treated with tape
stripping. The amount of histamine in the supernatant of the skin
organ culture with or without tape stripping (Normal) was
determined. Results are expressed as mean = SEM (n = 5).

**p < 0-01 as compared with the normal group by Student’s t-test.

Olopatadine ameliorates the delay in barrier recovery
caused by topical betamethasone

To evaluate the effects of olopatadine on the delay in barrier
recovery in mice treated with topical steroids, olopatadine
10 mg kg™ daily was administered orally to mice in combi-

Table 2 The effects of olopatadine and

nation with topical application of betamethasone at clinically
relevant concentration (0-12% w/v). Mean + SEM TEWL val-
ues of the ear of mice treated with vehicle and betamethasone
were 7:9 * 0:5 and 7-7 * 06 g m > h™", respectively, indica-
ting that topical treatment with betamethasone for 3 days did
not affect basal TEWL. As shown in Fig. 3 and Table 2, the
recovery of skin barrier function in mice treated with topical
betamethasone for 3 days was significantly delayed, compared
with that in vehicle-treated mice. The barrier recovery in mice
treated with a combination of olopatadine and betamethasone
was significantly accelerated, compared with that in mice trea-
ted with betamethasone alone (Fig. 3b).

Olopatadine suppresses epidermal hyperplasia induced
by barrier disruption

Finally, we examined the effect of olopatadine on epidermal
hyperplasia induced by prolonged barrier disruption. As
shown in Figure 4, the thickness of the epidermis in mice
treated with prolonged tape stripping for 7 days was increased
2-6-fold, compared with that in untreated mice. Olopatadine
at 10 mg kg™' daily significantly suppressed the increase in
epidermal thickness by 40-5% (Fig. 4).

Discussion

Systemic administration of the histamine H; receptor antagon-
ist olopatadine accelerated skin barrier recovery after barrier

betamethasone on skin barrier recovery

Skin barrier recovery (%)

1h 3h 6h 9h
Vehicle/distilled water 37:0 £ 1-3 52:1 + 2:1 589 *+ 2:3 645 + 2:6
Vehicle/olopatadine 482 + 3-0## 597 £2:2% 64325 677 %24
Betamethasone/distilled water 24-8 & 2:4%%% 36-2 + 3-2%k% 45.8 + 2:7%% 51-3 + 3.9%
Betamethasone/olopatadine 334 + 2:0$  44-3 + 2:6%  53:3 + 2.6 582 * 45

Data are presented as mean * SEM (n = 8). *P < 0:05, **P < 0-01, ***P < 0-001 as com-
pared with the vehicle/distilled water group by Student’s t-test. ##P < 0-01 as compared
with the vehicle/distilled water group by Aspin—-Welch test. $P < 0-05 as compared with
the betamethasone/distilled water group by Student’s t-test.
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Fig 3. The effect of olopatadine (Olo) on the delay in skin barrier
recovery after tape stripping in mice treated with betamethasone
(Beta). Distilled water (DW) or Olo 10 mg kg™ ' daily was
administered orally to mice in combination with either topical
application of vehicle (Veh/DW or Veh/Olo) or 0-12% w/v Beta
(Beta/DW or Beta/Olo) from 3 days before barrier disruption.
Transepidermal water loss was measured just before and at 0, 1, 3, 6
and 9 h after tape stripping. Skin barrier recovery rate (a) and the
area under the curve (AUC) for the skin barrier recovery rate (b)
were determined as described in Materials and methods. Results

are expressed as mean £ SEM (n = 8). *P < 0-05, **P < 0-01,
##%p < 0-001 as compared with the Veh/DW group by Student’s
t-test. ##P < 0-01 as compared with the Veh/DW group by Aspin—
Welch test. $P < 0-05 as compared with the Beta/DW group by
Student’s t-test.

disruption. This result was consistent with the previous report
that topical application of the classical histamine H, receptor
antagonist diphenhydramine accelerated the barrier recovery,’
suggesting that histamine and histamine H; receptor may con-
tribute to the recovery of skin barrier function. In contrast,
systemic administration of the classical histamine H; receptor
antagonist chlorpheniramine had less effect on skin barrier
recovery. Although chlorpheniramine at the dose used in this

study has been shown significantly to suppress histamine-
induced formation of paw oedema in mice,'® it remains
unclear whether systemic administration of this drug achieves
sufficient drug concentration to antagonize histamine response
in the epidermis. Alternatively, olopatadine appears to exert
additional biological effects besides its histamine H, receptor
antagonistic activity on skin barrier recovery. Further studies
are required to elucidate whether histamine H; receptor antag-
onists other than olopatadine can accelerate the barrier recov-
ery by systemic administration.

The facilitatory effects of olopatadine on skin barrier recov-
ery were detected at early time points after barrier disruption
by tape stripping. One of the earliest and crucial stages of the
skin barrier recovery is the exocytosis of lipid-containing
granules, called lamellar bodies. The lipids secreted into the
intercellular domain of the stratum corneum form a water-
impermeable membrane within 1 h after damage of the bar-
rier function.'* Previous studies showed that disruption of the
skin barrier caused an immediate loss of the calcium gradient
in the epidermis and that calcium ion influx into keratinocytes
reduced the secretion of lamellar bodies resulting in the delay

. . . 15-17
in skin barrier recovery.

In this study, we demonstrated
that histamine was released from the skin organ culture imme-
diately after barrier disruption by tape stripping. Histamine
caused an elevation of intracellular calcium in keratinocytes
via histamine H, 1recept01r.18 Topical application of exogenous
histamine caused a delay in the skin barrier recovery.” These
results suggest that histamine participates in the regulation of
the secretion of lamellar bodies in an early stage of skin bar-
rier recovery. The facilitatory effects of histamine H; receptor
antagonists on the barrier recovery might be due to the accel-
eration of lamellar body secretion in the epidermis.

Skin atrophy and epidermal barrier disturbance are well-
recognized adverse effects of prolonged topical steroid
therapy.® Even short-term treatment with the potent steroid
clobetasol at clinically relevant concentration (0:05% w/v)
could produce deterioration in barrier function in the skin of
humans and mice.® In the skin of mice treated with clobeta-
sol, both the density of lamellar bodies and the amount of
secreted lamellar bodies at the interface between the stratum
corneum and the stratum granulosum were markedly
reduced. Here we showed that topical treatment with beta-
methasone, a less potent steroid than clobetasol, could also
produce a significant delay in the barrier recovery. Combined
treatment with olopatadine + betamethasone ameliorated the
delay in barrier recovery by betamethasone at 1 h but not at
later time points after barrier disruption. Olopatadine might
accelerate the secretion of lamellar bodies as described above
but did not affect the reduction in lipid synthesis caused by
topical steroids. Tamura et al."” reported that olopatadine sup-
pressed the rebound phenomenon following discontinuation
of topical treatment with a steroid, possibly resulting from
its effects in diminishing the elevated cytokines in the le-
sional skin. Thus, olopatadine is expected to be a therapeutic
agent that reduces the adverse effects of therapy with topical
steroids.

© 2007 The Authors
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Fig 4. The effect of olopatadine (Olo) on
epidermal hyperplasia induced by prolonged
barrier disruption. Tape stripping was carried
out twice a day for 7 days. Distilled water
(DW) and Olo at doses of 3 and 10 mg kg™"
daily were administered orally from 3 days
before the first barrier disruption. As an
untreated control, mice were administered
DW without tape stripping (Sham). Twenty-

four hours after the final tape stripping, ear

specimens were fixed and stained with
haematoxylin and eosin. (a) Sham, (b) DW,
(c) Olo at 3 mg kg™ daily, (d) Olo at

10 mg kg™' daily. Scale bar = 50 pm. The
thickness of the epidermis was measured as
described in Materials and methods (e).
Results are expressed as mean = SEM (n =
7-8). ¥*¥¥P < 0:001 as compared with the
DW group by Dunnett test. ###P < 0-001 as
compared with the DW group by Student’s

t-test.
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Olopatadine prevented the epidermal hyperplasia induced
by prolonged barrier disruption. Although the magnitude of
epidermal hyperplasia was directly correlated with both the
degree and the duration of barrier disruption, occlusion with
a water-impermeable membrane did not prevent the epider-
mal hyperplasia, indicating that the epidermal hyperplasia did
not appear to be directly related to an increase in TEWL in
this model."® Olopatadine might suppress epidermal hyper-
plasia by a mechanism independent of its facilitatory effect on
skin barrier recovery. The mechanisms by which prolonged
barrier disruption induces the epidermal hyperplasia have
remained unclear. Barrier disruption by tape stripping leads to
an increase in the production of epidermal cytokines, such
as tumour necrosis factor-o, granulocyte/macrophage colony-
stimulating factor (GM-CSF), IL-8, IL-10, IL-1B and IL-6.2%%'
Among these cytokines, GM-CSF, IL-6 and IL-8 have been
shown to stimulate keratinocyte proliferation.”* ** Keratino-
cytes, which comprise 95% of the cells in the epidermis, are
one of the important sources of cytokines in the skin. Hista-
mine has been shown to induce production of GM-CSF, IL-6
and IL-8 in human keratinocytes.'® Olopatadine inhibited
production of these cytokines induced by histamine in kera-
tinocytes.'® Thus, increased production of cytokines in

© 2007 The Authors

keratinocytes induced by histamine could stimulate the prolif-
eration of keratinocytes resulting in epidermal hyperplasia.
Olopatadine might not only accelerate barrier recovery but
also provide other potential benefits after epidermal injury,
resulting from its inhibitory effects on the production of
cytokines by keratinocytes.

Scratching with fingernails causes physical damage to the
skin, resulting in an increase of TEWL, and aggravates skin
lesions in patients with AD.”® So, suppression of scratching
behaviour results in a reduction of TEWL. Several reports
implicated skin dryness itself and/or skin barrier disruption in
dry skin-associated pruritus.”®”” However, in this study, tape
stripping treatment did not cause scratching behaviour in mice
as reported previously.”® Therefore, the facilitatory effect of
olopatadine on skin barrier recovery was not due to suppres-
sion of scratching behaviour. Thus, olopatadine might not
only suppress scratching behaviour but also might accelerate
skin barrier recovery after physical barrier disruption by
scratching behaviour in patients with AD.

In conclusion, olopatadine was demonstrated to be an anti-
allergic drug accelerating skin barrier recovery and to amelior-
ate the adverse effects of topical steroids on the skin barrier
recovery.
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