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Cyclosporine A Eye Drops Inhibit the Early-Phase Reaction in
a Type-| Allergic Conjunctivitis Model in Mice

Daisuke Shii, Tomoko Oda, Katsuhiko Shinomiya, Osamu Katsuta, and Masatsugu Nakamura

Abstract

Purpose: The effects of cyclosporine A eye drops on the early-phase reaction were investigated in a type-I aller-
gic conjunctivitis model.

Methods: Mice were actively sensitized with ragweed (RW) absorbed on aluminium hydroxide gel and chal-
lenged with RW for 10 days (single challenge model) or 10-14 days (repetitive challenge model) after the first
sensitization. For the evaluation of itching, ovalbumin was used as an antigen instead of RW. The effects of
cyclosporine A eye drops on increased vascular permeability, mast cell degranulation, and itching were evalu-
ated and compared with those of other anti-allergic eye drops.

Results: In the single challenge model, cyclosporine A eye drops significantly inhibited the increase in vascu-
lar permeability and histological evaluations showed suppressed degranulation of mast cells. Disodium cro-
moglycate (DSCG) eye drops showed only a slight tendency to inhibit the increase in both pathophysiological
parameters. Ketotifen or betamethasone eye drops significantly inhibited the increase in vascular permeability.
The order of potency in the single challenge model was ketotifen > cyclosporine A > betamethasone. In the
repetitive challenge model, cyclosporine A eye drops significantly inhibited the increase in vascular permeabil-
ity and DSCG eye drops showed only slight inhibition. Ketotifen or betamethasone significantly inhibited the
increase in vascular permeability. The order of potency in the repetitive challenge model was cyclosporine A
> betamethasone > ketotifen. The effect of cyclosporine A eye drops on the itch—scratch response was studied.
Cyclosporine A and DSCG significantly reduced the itch—scratch response in the single and repetitive challenge
models; the effect of cyclosporine A in the repetitive challenge model was more potent than in the single chal-
lenge model.

Conclusions: Those results suggest that administration of cyclosporine A eye drops inhibit the early-phase
reaction in type-I allergic conjunctivitis, which may be mediated by the suppression of mast cell degranulation.
This action of cyclosporine A eye drops may be involved in the therapeutic effect of cyclosporine A on allergic
conjunctivitis.

Introduction . . , .
Cyclosporine A displays an immunosuppressive effect by

CYCLOSPORINE A 15 A cyclic polypeptide calcineurin
inhibitor consisting of 11 amino acids. It was discovered
and purified from a culture of the fungus Tolypocladium infla-
tum Gams by Novartis Pharma in the 1970s. Cyclosporine
A has been used to suppress not only graft rejection after
transplantation, but also immunoreaction disorders often
seen in autoimmune diseases. That is, cyclosporine A is a
well-known immunosuppressant. The therapeutic effect
of eye drops of cyclosporine A on vernal keratoconjuncti-
vitis (VKC), one of the most severe refractory allergic con-
junctival diseases, was also reported in several articles.'

inhibiting the production of cytokines from T cells,** but the
mechanism of cyclosporine A in allergic disease is poorly
understood.

The early-phase reaction (eg, histamine release from
mast cells) is the main reaction of type-I allergy that causes
allergic conjunctivitis (including VKC). Histamine induces
acute itching, vascular permeability, and edema formation.®
Histamine HI1 receptor antagonists and mast cell stabiliz-
ers were used for the treatment of allergic conjunctiva (eg,
seasonal allergic conjunctivitis and perennial allergic con-
junctivitis). The early-phase reaction (including histamine
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release from mast cells) was known to be a critical factor in
allergic disease. Several articles reported that cyclosporine A
inhibited histamine release from mast cells in vitro.”® These
reports suggested that cyclosporine A eye drops may sup-
press the early-phase reaction by the inhibition of histamine
release from mast cells in allergic disease, but the effects of
cyclosporine A eye drops on the early-phase reaction in a
model of allergic disease have not been studied.

To study the effect of cyclosporine A on the early-phase
reaction in type-I allergy, we examined the effects of cyclo-
sporine A eye drops on the degranulation of mast cells and
symptoms such as vascular permeability and acute itching
in an allergic conjunctivitis model in mice. We have demon-
strated that the effects of a histamine H1 receptor antagonist
and corticosteroid eye drops were different in the early-phase
reaction between single and repetitive challenges with short
ragweed pollen (RW) using an allergic conjunctivitis model
in mice. Therefore, the effects of cyclosporine A eye drops on
vascular permeability in the single and repetitive challenge
models were compared with an anti-histamine, a mast cell
stabilizer, and corticosteroid eye drops.

Methods
Animals

Experiments were carried out in accordance with the
ARVO statement for the Use of Animals in Ophthalmic and
Vision Research, and were approved by Santen Institutional
Animal Care and Use Committee (Osaka, Japan).

Male BALB/c mice were purchased from Japan Charles
River (Kanagawa, Japan) and used at 5-6 weeks. They were
housed under a 12-h light-dark cycle (light on from 07:00
to 19:00), with room temperature maintained at 23 * 3°C
and humidity at 50 = 20%. Food and water were given ad
libitum.

Reagents

Cyclosporine A was obtained from Novartis Ringaskiddy
Limited (Cork, Ireland). Cyclosporine A eye drops (Papilock
mini ophthalmic solution 0.1%) and vehicle were prepared
at Santen Pharmaceutical Company Limited (Osaka, Japan).
Cyclosporine A eye drops (0.01%) were diluted 10-fold with
vehicle. Disodium cromoglycate eye drops (DSCG; Intal oph-
thalmic solution, 2%) were purchased from Astellas Pharma
Incorporated (formerly Fujisawa Pharmaceutical Company
Limited, Osaka, Japan). Betamethasone sodium phosphate
eye drops (betamethasone, Rinderon solution, 0.1%) was pur-
chased from Shionogi & Company Limited (Osaka, Japan).
Ketotifen fumarate eye drops (ketotifen, Zaditen ophthalmic
solution, 0.05%) was purchased from Novartis Pharma K.
K. (Tokyo, Japan). RW (Polysciences, Warrington, PA, USA),
ovalbumin (OVA; Sigma, St. Louis, MO, USA), Evans blue
dye (Sigma) were also used in the experiments. Aluminium
hydroxide gel (ALUM; 50 mg/mL) was prepared as previ-
ously described.’

Experimental allergic conjunctivitis induced by
active sensitization with RW

Mice were actively sensitized by intraperitoneal injec-
tion of 0.5 mL of RW absorbed on ALUM (containing 0.2 mg
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RW and 2.5 mg ALUM) on days 0 and 5. They were chal-
lenged by topical instillation with 2 uL per right eye of 20%
RW in phosphate-buffered saline (PBS) on day 10 (single
challenge) or days 10-14 (once a day, repetitive challenge).
Conjunctival tissues were removed 30 min after the last
challenge (day 10 or 14) for vascular permeability and histo-
logical observation.

Vascular permeability

A dye solution of 0.1% Evans blue (15 mL/kg) was admin-
istrated intravenously followed by the last challenge (day 10
or 14) and the dye-leakage area of right eyes removed 30 min
after the challenge. Extravasated Evans blue dye could then
be extracted from tissues using a solvent including sodium
sulfate and acetone. Evans blue dye was extracted for >48
h and absorbance of the extracts at 620 nm was determined
with a spectrophotometer (DU-640; Beckman Coulter,
Fullerton, CA, USA). In single challenge, cyclosporine A or
vehicle was instilled for 1 or 3 h, ketotifen was instilled for
0.5 h, or DSCG and betamethasone were instilled 3 h before
the RW challenge. In repetitive challenges, for daily treat-
ment, cyclosporine A, vehicle, DSCG, or betamethasone was
instilled 3 times; 3 h before, and 1 and 5 h after each RW
challenge, or ketotifen was instilled 3 times; 0.5 h before, and
1 and 5 h after each RW challenge. Eye drops (2 uL) were
instilled into the right eye. Because ketotifen showed strong
inhibition in early-phase reaction 30 min before single anti-
gen challenge, ketotifen was instilled 30 min before antigen
challenge in these studies.

Histological analysis

Conjunctival tissues were removed 30 min after single
RW challenge and fixed in 10% neutral buffered formalin
solution and embedded in paraffin. Vertical sections (thick-
ness, 2 pm) were cut. Samples were stained with Toluidine
blue (pH 4.1). The area for cell counting was the lamina pro-
pria of the tarsal and bulbar conjunctivas throughout each
section, in accordance with the method of Fukushima and
colleagues.”” The sections counted were those of the inter-
nal canthus from the central portion of the eye (about 200
pm), which included the pupil and optic nerve head. The
phenotype of mast cells was classified into degranulated
(>20% of the cytoplasmic granules exhibiting fusion or dis-
charge, staining alterations, and extraction from the cell)
or normal. The ratio of degranulated cells was calculated.
Each drug (2 pL per right eye) was instilled 3 h before RW
challenge.

Measurement of scratching behavior

Mice were actively sensitized by intraperitoneal injection
with 0.5 mL of OVA absorbed on ALUM (containing 10 pg
OVA and 1 mg ALUM) on days 0 and 5. They were chal-
lenged by a topical instillation with 2 pL per right eye of 15%
OVA in 10% glycerol on days 10-14. On day 10 (single OVA
challenge) or day 14 (repetitive OVA challenges), mice were
put into an acrylic cage in the observation room for about 1
h for acclimatization before recording behavior. Immediately
after OVA challenge, they were returned to the same cage and
scratching behavior was videotaped. Itch—scratch response
was defined as an interrupted cluster of rapid movements
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of the hind-paws that was precisely directed toward the eye,
and behaviors were counted at intervals of 30 min. Each
drug (2 uL per right eye) was instilled 3 h before and 1 and 5
h after each OVA challenge.

Statistical analysis

Data from 2 groups were statistically evaluated using
Student t-test or the Aspin-Welch t-test based on the vari-
ance of data examined with the F-test. Data from multiple
groups were evaluated using Dunnett’s multiple compar-
ison test. P < 0.05 was considered statistically significant.
The means of data are presented with SEM.

Results

Effect of cyclosporine A eye drops on vascular
permeability 30 min after single RW challenge in
actively sensitized mice

To examine the effect of cyclosporine A on the early-
phase reaction in type-I allergic conjunctivitis, cyclospor-
ine A eye drops were instilled 1 or 3 h before RW challenge,
and vascular permeability enhanced by single antigen chal-
lenge in actively sensitized mice was evaluated. Instillation
of cyclosporine A 1 h before RW challenge did not inhibit
the increase in vascular permeability 30 min after antigen
challenge compared with that of the control group (Fig. 1A).
Instillation of 0.01% and 0.1% cyclosporine A 3 h before RW
challenge inhibited the increase in vascular permeability in
a dose-dependent manner compared with that of the con-
trol group, and the inhibitory effect of 0.1% cyclosporine A
was significant (Fig. 1B). Instillation of DSCG 3 h before RW
challenge suppressed the increase in vascular permeabil-
ity slightly compared with that of the control group. These
results suggest that cyclosporine A eye drops can inhibit the
early-phase reaction in type-I allergic conjunctivitis.

Effect of cyclosporine A eye drops on the
degranulation of mast cells after single RW challenge
in actively sensitized mice

To elucidate the effect of cyclosporine A eye drops on
mast cells, the degranulation of mast cells was evaluated in
the conjunctival tissue treated with Toluidine blue staining
after single RW challenge in actively sensitized mice. Figure
2A and B shows a normal mast cell and a degranulated
mast cell, respectively. Normal mast cells and degranulated
mast cells could be distinguished because the cytoplasmic
granules released from mast cells were seen 30 min after
RW challenge. The ratio of degranulated mast cells to total
mast cells in the conjunctiva is shown in Figure 3. The ratio
of degranulated mast cells in RW-challenged conjunctiva
was significantly increased 30 min after RW challenge
compared with that of the normal group. Instillation of
cyclosporine A 3 h before RW challenge significantly sup-
pressed the ratio of degranulated mast cells to total mast
cells in the conjunctiva, and DSCG instillation suppressed
the ratio slightly compared with that of the control group.
Cyclosporine A eye drops therefore had a stronger inhib-
itory effect on mast cell degranulation than that of DSCG
eye drops.
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Effects of eye drops of ketotifen, betamethasone,
and cyclosporine A on vascular permeability 30 min
after single or repetitive RW challenges in actively
sensitized mice

We demonstrated a difference in efficacy between keto-
tifen and betamethasone in single and repetitive RW chal-
lenges (data not shown). We therefore examined the effect
of cyclosporine A eye drops on the increase in vascular per-
meability in single and repetitive RW challenges in actively
sensitized mice. The dose-response relationship of cyclospor-
ine A eye drops and the effect of DSCG eye drops were also
examined in a repetitive RW challenge model (Fig. 4). The
treatment timing of cyclosporine A eye drops was identical
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FIG. 1. Effects of cyclosporine A and disodium cromogly-
cate (DSCG) eye drops on increase in vascular permeabil-
ity in actively sensitized mice. Allergic conjunctivitis was
induced by ragweed (RW) challenge in actively sensitized
mice. Each drug (2 pL/eye) was instilled 1 h (A) or 3 h (B)
before RW challenge. Instillation of cyclosporine A at 3 h,
but not at 1 h, before RW challenge significantly inhibited
the increase in vascular permeability and DSCG at 3 h before
RW challenge (B) slightly inhibited the increase in vascu-
lar permeability compared with the control group. Normal,
sensitized, and unchallenged group; control, sensitized, and
challenged group. Each column shows the mean and SEM
of 10 mice. *##*P < 0.001, compared with the normal group
by Student t-test. ***P < 0.001, compared with the normal
group by the Aspin-Welch f-test. *P < 0.01, compared with
the control group by Dunnett’s multiple comparison test.



324
A Normal Mast Cell B Degranulated Mast Cell
- N ,l :. x r v Fi
. S e -J“ ' _‘(E ¥, ‘f.f AH ¥ "
;: & o 3 ' 'g; g 2 . “ e T v
ol o o | Wty - gl
-~ ok s o Ly g L
i ” ga ¥ 4 - 7 - .t ;
’ L - R )
- Oy 123 ¥ et 7 0, 3
= T B >~ = |47
.5;::.-- Y Er - . e
s - BT e T R
rr A S — - (]
A 5o 3 = -
o Frr 4, g Ly T 200w

FIG. 2. Histological features of conjunctival mast cells
after RW challenge in Toluidine blue staining. (A) Normal
mast cell and (B) degranulated mast cell. Allergic conjunc-
tivitis was induced by ragweed (RW) challenge in actively
sensitized mice, or normal mice were instilled with phos-
phate-buffered saline (PBS) instead of RW into the conjunc-
tiva. Vehicle (2 pL/eye) was instilled 3 h before RW challenge
or PBS instillation. Conjunctival tissues were removed 30
min after RW challenge or PBS instillation. Mast cells were
degranulated in the lesion site by RW challenge and showed
isolated and scattered secretory granules around the cells.

to that shown in Figure 1B because administration of cyclo-
sporine A eye drops 3 h before RW challenge significantly
decreased the increase in vascular permeability. Instillation
of 0.01% and 0.1% cyclosporine A significantly inhibited the
increase in vascular permeability in a dose-dependent man-
ner compared with that of the control group. DSCG showed
slightly inhibited the increase in vascular permeability com-
pared with the control group in a repetitive RW challenge
model as well as in a single challenge model. Next, we exam-
ined the effects of eye drops of ketotifen, betamethasone, and
cyclosporine A on vascular permeability 30 min after single
or repetitive RW challenges in actively sensitized mice. In sin-
gle RW challenge, eye drops of ketotifen, betamethasone, and
cyclosporine A significantly inhibited the increase in vascu-
lar permeability compared with that of the control group (Fig.
5A). Percentage inhibition due to ketotifen, betamethasone,
and cyclosporine A was 65%, 44%, and 60%, respectively.
The efficacy of betamethasone eye drops on vascular perme-
ability was significantly less than that of ketotifen eye drops
in the single RW challenge. In the repetitive RW challenges,
ketotifen, betamethasone, and cyclosporine A eye drops also
significantly inhibited the increase in vascular permeability
compared with that of the control group (Fig. 5B). Percentage
inhibition due to ketotifen, betamethasone, and cyclosporine
A eye drops was 35%,49%, and 66%, respectively. Cyclosporine
A eye drops showed the strongest inhibitory effect on vascu-
lar permeability and the efficacy of cyclosporine A eye drops
was significantly stronger than that of ketotifen eye drops in
the repetitive RW challenges. Cyclosporine A eye drops there-
fore strongly inhibited the early-phase reaction in the single
and repetitive RW challenge models. The order of potency
was ketotifen > cyclosporine A > betamethasone in the sin-
gle challenge model, and cyclosporine A > betamethasone >
ketotifen in the repetitive challenge model.

Effect of cyclosporine A eye drops on the
itch—scratch response for 30 min after the first or
fifth OVA challenge in actively sensitized mice

To elucidate the effect of cyclosporine A eye drops on the
itch-scratch response induced in type-I allergy, the number
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FIG. 3. Effects of cyclosporine A and disodium cromo-
glycate (DSCG) eye drops on the ratio of degranulated mast
cells in actively sensitized mice. Allergic conjunctivitis was
induced by ragweed (RW) challenge in actively sensitized
mice. Each drug (2 uL/eye) was instilled 3 h before RW chal-
lenge. The number of mast cells in the lamina propria muco-
sae of the upper tarsal and bulbar conjunctiva was counted,
and the mast cells in which >20% of the cytoplasmic gran-
ules exhibited fusion or discharge, staining alterations and
extractions from the cells were classified as “degranulated.”
Cyclosporine A significantly suppressed the ratio of degran-
ulated mast cells to total mast cells in the conjunctiva, and
DSCG suppressed the ratio slightly compared with the con-
trol group. Normal, sensitized, and unchallenged group;
control, sensitized, and challenged group. Each column
shows the mean and SEM of 10 mice. #P < 0.01, compared
with the normal group by Student t-test. *P < 0.05, compared
with the control group by Student t-test.

of scratching episodes for 30 min after the first and fifth
OVA challenge in actively sensitized mice was counted.
Application of OVA induced a significant increase in itch—
scratch response compared with the normal group in the
first and fifth challenges. Instillation of cyclosporine A sig-
nificantly inhibited the itch—scratch response for 30 min
after the first and fifth OVA challenges compared with those
of the control group (Fig. 6A and B). Instillation of DSCG also
significantly inhibited the itch—scratch response for 30 min
after the first and fifth OVA challenges compared with those
of the control group. Percentage inhibition due to cyclospor-
ine A eye drops was 48% and 76% in the first and fifth OVA
challenges, respectively. Compared with the first OVA chal-
lenge, cyclosporine A showed a stronger effect on the itch—
scratch response for 30 min after the fifth OVA challenge.
Percentage inhibition due to DSCG eye drops was 41% and
48% in the first and fifth OVA challenges, respectively.

Discussion

It is well known that mast cell degranulation induces the
early-phase reaction in type-I allergy. Although cyclospor-
ine A is reported to inhibit degranulation of mast cells in
vitro,13 the effect of cyclosporine A on the early-phase reac-
tion is not well studied in vivo. We therefore examined the
effect of cyclosporine A eye drops in the early-phase reaction
such as plasma exudation and mast cell degranulation in the
conjunctiva 30 min after RW challenge in actively sensitized
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FIG. 4. Effects of cyclosporine A and disodium cromogly-
cate (DSCG) eye drops on increase in vascular permeability
after repetitive ragweed (RW) challenge in actively sensitized
mice. Allergic conjunctivitis was induced by RW challenge in
actively sensitized mice. Each drug (2 pL/eye) was instilled 3
hbefore, and 1 and 5 h after each RW challenge. Cyclosporine
A significantly inhibited the increase in vascular perme-
ability in a dose-dependent manner, and DSCG inhibited it
slightly compared with the control group. Normal, sensitized,
and unchallenged group; control, sensitized, and challenged
group. Each column shows the mean and SEM of 10 mice.
**P < 0.001, compared with the normal group by the Aspin-—
Welch t-test. *P < 0.05, ##P < 0.001, compared with the control
group by Dunnett’s multiple comparison test.

mice. We demonstrated that cyclosporine A eye drops sig-
nificantly inhibited the increase in conjunctival vascular
permeability and suppressed degranulation of mast cells in
the conjunctiva as shown by histological evaluation. DSCG
eye drops tended to inhibit the increase in vascular perme-
ability and degranulation of mast cells. These results clearly
indicate that cyclosporine A eye drops inhibit the early-
phase reaction in type-I allergy, and that the effects of cyclo-
sporine A may be mediated by the inhibition of mast cell
degranulation in the conjunctiva. It was also suggested that
the effect of cyclosporine A eye drops on mast cell degranu-
lation was more potent than that of DSCG eye drops (DSCG
is a topical mast cell stabilizing agent). Regarding the inhib-
itory effect of cyclosporine A on degranulation of mast cells
in vitro, it has been reported that antigen-induced histamine
release and beta-hexosaminidase secretion in the mucosal-
type mast cell line RBL-2H3 were inhibited by cyclosporine
A,” and that the ICs, for both events was ~20 nM. In human
skin mast cells, cyclosporine A (2.4-800 nM) was reported
to inhibit histamine release induced by anti-IgE.’ It was
reported that cyclosporine H, which exhibited potent bind-
ing to calmodulin with no affinity for cyclophilin, had no
effect on histamine release,® and the authors concluded that
the inhibition of mast cell degranulation by cyclosporine
A is due to cyclophilin binding. Thus, cyclosporine A was
reported to inhibit histamine release from mast cells in vitro.
In this study, we clearly demonstrated that cyclosporine A
eye drops can inhibit mast cell degranulation in the conjunc-
tiva in in vivo allergy models.

Instillation of cyclosporine A at 3 h, but not at 1 h, before
antigen challenge showed a significant inhibitory effect on
the increase in vascular permeability, although cyclosporine
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FIG. 5. Effects of cyclosporine A, ketotifen, and betame-
thasone eye drops on increase in vascular permeability
in actively sensitized mice. (A) Single challenge and (B)
repetitive challenge. Allergic conjunctivitis was induced
by ragweed (RW) challenge in actively sensitized mice.
Cyclosporine A, vehicle, or betamethasone was instilled
3 h before, and 1 and 5 h after each RW challenge (only
3 h before in single challenge), or ketotifen was instilled
0.5 h before, and 1 and 5 h after each RW challenge (only
0.5 h before in single challenge). Cyclosporine A showed a
significant inhibitory effect in single and repetitive chal-
lenges compared with the control group. Normal, sensitized,
and unchallenged group; control, sensitized, and challenged
group. Each column shows the mean and SEM of 10 mice. P
< 0.001, compared with the normal group by Student f-test.
$5p < 0.001, compared with the normal group by the Aspin—
Welch t-test. *P<< 0.05, #P < 0.01, ##P < 0.001, compared with
the control group by Student t-test. **P < 0.001, compared
with the control group by the Aspin-Welch t-test.

A added only several min before antigen application was
effective in mast cell degranulation induced by antigen in
vitro. It was therefore speculated that cyclosporine A eye
drops may need >1 h to reach a sufficient concentration in
the conjunctiva to enable cyclosporine A to exhibit an inhib-
itory effect on mast cell degranulation.

A comparison of the effects of an anti-histamine, a cor-
ticosteroid, and cyclosporine A on the increase in vas-
cular permeability was performed. It was reported that
anti-histamine is a potent inhibitor of the early-phase reac-
tion.1>* Ketotifen instillation showed the most potent inhib-
itory effect on plasma exudation after single RW challenge.
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FIG. 6. Effects of cyclosporine A and disodium cromo-
glycate (DSCG) eye drops on the itch-scratch response in
actively sensitized mice. (A) Single ovalbumin (OVA) chal-
lenge, (B) repetitive OVA challenges. Allergic conjunctivitis
was induced by OVA challenge in actively sensitized mice.
Each drug (2 pL/eye) was instilled 3 h before, and 1 h and 5
h after each OVA challenge (only 3 h before in single chal-
lenge). Scratching behavior was counted at 30-min inter-
vals. Cyclosporine A significantly inhibited the itch-scratch
response for 30 min after the first and fifth OVA challenges,
and DSCG also significantly inhibited this response, com-
pared with the control group. Normal, sensitized, and
unchallenged group; control, sensitized, and challenged
group. Each column shows the mean and SEM of 10 mice.
***P < 0.001, compared with the normal group by the Aspin—
Welch t-test. 7P < 0.001, compared with the normal group
by Student t-test. **P < 0.01, compared with the control group
by the Aspin—Welch t-test. *P < 0.05, #P < 0.01, #*P < 0.001,
compared with the control group by Student t-test.

Instillation of the strong corticosteroid betamethasone was
significantly less effective than that of ketotifen in single
challenge. In repetitive antigen challenges, betamethasone
inhibited plasma exudation significantly and the inhibitory
effect was stronger than that of ketotifen. Thus, the effects
of anti-allergic eye drops on plasma exudation are different
between the single and repetitive antigen challenge models.
These results may suggest that histamine is dominant in the
early-phase reaction induced by single antigen challenge;
however, after repetitive antigen challenges, not only his-
tamine but also multiple inflammatory factors are involved
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in the symptoms of the early-phase reaction. Fukushima
and colleagues reported that involvements of histamine in
inductions of conjunctivitis symptoms are decreased by the
multiple antigen challenge.”” Our results are consistent with
their reports. We also demonstrated that instillation of cyclo-
sporine A inhibited the increase in vascular permeability
in the single and repetitive antigen challenge models. The
potency of cyclosporine A was slightly weaker than that of
ketotifen in single antigen challenge, but significantly stron-
ger than those of ketotifen in repetitive antigen challenges.
Cyclosporine A was known to inhibit not only histamine
release from mast cells but also other mediator,® which may
be involved in the strong effects of cyclosporine A in repet-
itive antigen challenge model. Repetitive exposure of anti-
gens in mice closely mimics human allergic conjunctivitis
because patients are repeatedly exposed to antigens in clini-
cal environments. Anti-histamines were more effective than
corticosteroids in the antigen-provocation test in human,'¢
but not in an environmental study.” Therefore, cyclosporine
A eye drops may show a strong therapeutic effect in allergic
conjunctivitis in clinical environments. The allergic conjunc-
tivitis model induced by repetitive antigen challenge may be
useful to test the effects of anti-allergic eye drops in clinical
environments.

Itching is the predominant symptom of allergic conjunc-
tivitis, and many mediators released from mast cells (eg,
histamine, prostaglandins, and platelet-activating factor)
are thought to induce itching.!*1 It is well known that mast
cell degranulation induces the symptoms of the early-phase
reaction such as itching in type-I allergy; however, the effect
of cyclosporine A eye drops on the itch—scratch response
induced by antigen challenge has not been elucidated. In
this experiment, the itch—scratch response was induced by
OVA solution as the antigen. RW is a very common antigen
for ocular allergy, but is insoluble in water; therefore, the
challenge of RW suspension might cause a foreign body sen-
sation that may affect sensitivity to itching. In fact, ragweed
did not induce enough scratching to study the effect of cyclo-
sporine A (data not shown). OVA was therefore used as the
antigen instead of RW. Nakahara and colleagues® reported
that increase of vessel permeability induced by OVA mark-
edly decreased in actively sensitized histamine H1-deficient
mice compared with wild-type mice and they concluded that
the change in vascular permeability in allergic conjunctivi-
tis were completely regulated by histamine released from
activated mast cells. We also showed that increase of vessel
permeability induced by ragweed in actively sensitized mice
was markedly inhibited by H1 blocker and mast cells were
degranulated in our model. Those results demonstrated
that early-phase reaction induced by both of OVA and rag-
weed was mediated by mast cell degranulation. Although
Fukushima and colleagues'”® reported that multiple cedar
pollen challenge increased the itch—scratch reaction and
conjunctivitis intensity score in guinea pig, the number of
scratching in both of single challenge and repetitive chal-
lenge was almost the same in our study. Before this exper-
iment, we had measured scratching frequency and ocular
surface symptom in guinea pigs in daily repetitive antigen
challenge, but increase of frequency was not detected (data
not shown). Because Fukushima and colleagues' challenged
cedar pollen once every week until the 15th challenge, time
schedule of antigen challenge may affect the difference of
results in both of experiments. Instillation of cyclosporine A
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eye drops significantly inhibited the itch-scratch response
after the first and fifth OVA challenges. Instillation of DSCG
eye drops caused significant inhibition in the first and fifth
challenges. The result was consistent with a report stating
that DSCG suppresses itching in patients with allergic con-
junctivitis.?'?? In our study, the effect of cyclosporine A was
stronger than that of DSCG in both conditions. Cyclosporine
A eye drops may be highly effective in relieving pruritus
in patients with allergic conjunctivitis. Similar to DSCG, the
mechanisms of cyclosporine A in itching may be related to
suppression of mast cell degranulation. We demonstrated
that the effect of cyclosporine A on the itch—scratch response
in the fifth OVA challenge was more effective than the first
challenge, unlike DSCG. Another action of cyclosporine A
might be involved in the anti-itching effects in the fifth OVA
challenges.

We demonstrated that cyclosporine A eye drops strongly
suppressed the symptoms of the early-phase reaction in
type-I allergic conjunctivitis by inhibiting mast cell degran-
ulation. This action of cyclosporine A eye drops may con-
tribute to the treatment of allergic conjunctivitis, including
VKC.
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