
Allergic rhinitis is an inflammatory disease of the nasal
mucosa characterized by nasal itching, sneezing, rhinorrhea
and nasal obstruction.1) The pathogenesis of the nasal allergic
reaction initially involves the interaction of allergens with a
specific immunoglobulin E (IgE) antibody that is bound to
the surface of mast cells in the nasal mucosa. As a result, the
release of mediators including histamine, leukotrienes (LTs),
thromboxane A2 (TXA2), platelet activating factor (PAF) and
cytokines, which are responsible for allergic signs, may
occur.2) Histamine is one of the major mediators of the aller-
gic response and binds to H1 receptors on nociceptive type-C
nerves.3) Stimulation of H1 receptors leads to the sensation of
itching, sneezing, and, via reflex stimulation of efferent vagal
pathways, glandular secretion and hence anterior rhinor-
rhea.4,5) Not only histamine, but lipid mediators such as LTs,
TXA2 and PAF are also responsible for nasal obstruction due
to oedema of the nasal mucosa membrane.

The TXA2 is a potent inflammatory mediator, and its re-
ceptor expressed in vascular smooth muscle cell and submu-
cosal glands in the human nasal mucosa.6) In guinea pig
models of allergic rhinitis, it has been demonstrated that the
concentration of TXB2, a stable TXA2 metabolite, is elevated
in nasal cavity lavege fluid.7,8) Accordingly, it is thought that
the TXA2 receptor has an important role in allergic rhinitis.

Pollinosis is seasonal allergic rhinitis due to pollen anti-
gens. The number of patients increases every year, and it ap-
pears to be common, occurring in approximately 19 million
persons in the United States.9) Daily activities and the quality
of life are reduced during the pollen season due to rhinocon-
junctival symptoms.10) It has been reported that starting the

treatment for pollinosis with anti-allergic drugs before the
initial day of the pollen scattering can relieve the severity of
nasal symptoms during the pollen season.11,12) Histamine H1

receptor antagonists may prevent symptoms of allergic rhini-
tis while the prophylactic effect of TXA2 receptor antagonists
remains unclear. It is difficult to accurately predict the day
when the pollen is scattered, and the quantity of scattered
pollen is different by an area and a year. In addition, there is
little scientific information on the early treatment. Therefore,
it is necessary to study early treatment in an experimental
model of allergic rhinitis. In the present study, we investi-
gated the prophylactic effects of the histamine H1 receptor
antagonist epinastine and the TXA2 receptor antagonist ra-
matroban and seratrodast in experimental mouse models of
allergic rhinitis.

MATERIALS AND METHODS

Animals BALB/c mice (female, 6 weeks of age) were
obtained from Japan SLC (Shizuoka, Japan). The animals
were housed in an air-conditioned room with controlled tem-
perature (24�2 °C) and humidity (55�15%). Food and water
were provided ad libitum. All procedures involving the ani-
mals were conducted in accordance with the Guidelines for
Animal Experiments at the Okayama University Advanced
Science Research Centers.

Reagents and Drugs The following reagents were 
obtained from the sources shown in parentheses: ovalbumin
(Grade VII, Sigma, St. Louis, MO, U.S.A.), aluminum 
hydroxide gel (LSL, Tokyo, Japan) and histamine dihy-
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drochloride (Sigma) were dissolved in saline. Epinastine hy-
drochloride (Böehringer Ingelheim, Ingelheim, Germany),
ramatroban (Bayer Yakuhin, Osaka, Japan) and seratrodast
(Takeda Pharmaceutical Co., Ltd., Osaka, Japan) were sus-
pended in distilled water.

Sensitization Female BALB/c mice were sensitized on
days 0, 5, 14 and 21 by the intraperitoneal injection of oval-
bumin (1 mg) in 200 m l of saline containing aluminum hy-
droxide gel (100 mg) as an adjuvant. Then, local sensitization
was performed 3 times a week by nasal instillation of 2 m l of
ovalbumin solution (100 mg/ml) into the each nasal cavity
using a micropipette from day 28 until day 100.

Evaluation of Nasal Symptoms From day 28 until day
70 once a week, ovalbumin-induced nasal symptoms evalu-
ated. Before the experiment, the animals were put into an ob-
servation cage (31�25�18 cm) for 10 min for acclimatiza-
tion. Immediately after nasal instillation of 2 m l of ovalbumin
solution (100 mg/ml) or histamine solution into the each
nasal cavity, the animals were returned to the observation
cage (1 animal/cage), and sneezing and nasal rubbing were
counted for 30 min, respectively.

Treatment with Drugs Epinastine (10 mg/kg/d), rama-
troban (30 mg/kg/d) and seratrodast (30 mg/kg/d) were ad-
ministered orally once a day from day 22 until day 99. On the
day of challenge, each drug was administered orally 1 h be-
fore the challenge. However, on the day of evaluation of the
nasal symptoms, each drug was administered after the exper-
iment to except the direct inhibitory effect. The daily doses
of the drugs were determined according to previous reports
that could sufficiently inhibited nasal symptoms and some 
of allergic pathogenesis in ovalbumin-sensitized rodent 
models.13,14)

Measurement of Nasal Responsiveness to Histamine
To estimate the nasal responsiveness to histamine, nasal
symptoms were measured after intranasal instillation of a
histamine solution. On day 71, 2 m l of vehicle (saline) or of
increasing doses of histamine in solution (0.1, 1, 10 nmol/
mouse) was consecutively inserted into each nasal cavity at
60 min intervals. Sneezing and nasal rubbing were counted
for 10 min after the instillation of each dose of histamine.

Assessment of Eosinophil Infiltration Eosinophils
were counted 24 h after the challenge on day 100. Mice were
anesthetized with diethylether 24 h after the final challenge.
The animals were sacrificed by exsanguination, then, their
heads were removed. They were fixed in 10% neutral
buffered formalin for several days, and decalcified in a 10%
ethylenediaminetetraacetic acid (EDTA) solution (pH 7.4)
for 1 week. Samples were embedded in paraffin: frontal sec-
tions of the nose (4-mm thick) were stained with hematoxylin
and eosin to evaluate the number of eosinophils. All
eosinophils that had infiltrated into the mucosa at both sides
of the nasal septum were determined microscopically.

Statistical Analysis All experimental data are shown as
the mean�S.E.M. The data were analyzed using Student’s t-
test or Dunnett’s test. A probability value below 0.05 was
considered statistically significant.

RESULTS

Prophylactic Effects of Epinastine, Ramatroban and
Seratrodast on Nasal Symptoms Figure 1 shows the pro-

phylactic effects of epinastine, ramatroban and seratrodast on
sneezing and nasal rubbing. In the epinastine (10 mg/kg/d)-
treated group, the number of both sneezing and nasal rubbing
significantly decreased from day 35 until the end of the ex-
perimental period. Ramatroban (30 mg/kg/d) also inhibited
the increase of nasal symptoms from day 42 until day 70
(with or without statistical significance). However, seratro-
dast (30 mg/kg/d) did not show a significant suppression of
nasal symptoms induced by the antigen in sensitized mice.

Histamine Sensitivity Table 1 shows the effects of
epinastine, ramatroban and seratrodast on nasal symptoms
induced by histamine. Histamine (1 nmol/mouse) induced a
significant increase of nasal symptoms in the control group.
In the seratrodast-treated group, histamine (10 nmol/mouse)
induced a significant increase of nasal symptoms. However,
in the epinastine- and ramatroban-treated group, there was no
significant increase in nasal symptoms even at a high dose of
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Fig. 1. Prophylactic Effects of Epinastine, Ramatroban and Seratrodast on
Sneezing (A) and Nasal Rubbing (B) Induced by Antigen in Sensitized Mice

Epinastine, ramatroban and seratrodast were administered orally once a day from day
22 until day 70. The number of sneezing and nasal rubbing were counted for 30 min
immediately after the nasal challenge. Open circles: control. Closed circles: epinastine
10 mg/kg/d. Open triangles: ramatroban 30 mg/kg/d. Closed triangles: seratrodast
30 mg/kg/d. Each point and vertical bar shows the mean�S.E.M. of 8 experiments.
∗, ∗∗ Significantly different from control group at p�0.05 and p�0.01, respectively.

Table 1. Histamine Sensitivity

Drugs
Histamine

Sneezing Nasal rubbing
(nmol/mouse)

Control Saline 13.3�0.9 21.9�1.4
0.1 16.8�2.9 25.3�0.9
1 23.9�1.2** 30.5�2.1*

10 26.6�3.1** 35.5�3.3**
Epinastine Saline 8.4�2.0 10.8�1.1
(10 mg/kg/d) 0.1 9.3�2.0 11.9�1.6

1 9.9�2.0 14.3�2.1
10 11.3�3.2 15.0�2.1

Ramatroban Saline 12.5�1.3 20.0�2.5
(30 mg/kg/d) 0.1 14.4�2.8 21.6�2.4

1 16.0�3.5 22.8�3.2
10 20.9�1.3 26.6�2.6

Seratrodast Saline 13.9�2.4 20.0�2.8
(30 mg/kg/d) 0.1 15.5�1.0 21.1�2.7

1 17.6�2.0 24.1�2.3
10 24.4�3.2** 30.4�2.5*

Epinastine, ramatroban and seratrodast were administered orally once a day from day
22 until day 70. On day 71, 2 m l of vehicle (saline) or of increasing doses of histamine
in solution (0.1, 1, 10 nmol/mouse) was consecutively inserted into each nasal cavity at
60 min intervals. Sneezing and nasal rubbing were counted for 10 min after the instilla-
tion of each dose of histamine. Each value shows the mean�S.E.M. of 8 experiments.
∗, ∗∗ Significantly different from saline-treated group at p�0.05 and 0.01, respectively.



histamine (10 nmol/mouse).
Eosinophil Infiltration As shown in Fig. 2, repeated ap-

plication of epinastine (10 mg/kg/d) and ramatroban (30
mg/kg/d) significantly inhibited the infiltration of eosinophils
into the nasal mucosa 24 h after the challenge on day 100.
However, repeated application of seratrodast (30 mg/kg/d)
showed no significant suppression of eosinophil infiltration
into the nasal mucosa.

DISCUSSION

In the present study, we investigated the prophylactic ef-
fects of epinastine, ramatroban and seratrodast in an allergic
rhinitis model. As a result, epinastine significantly inhibited
the increase of nasal symptoms induced by the antigen. On
the other hand, seratrodast did not inhibit the increase of
nasal symptoms induced by the antigen. It has been reported
that seratrodast showed an inhibitory effect on the increase of
nasal congestion, but did not suppress the sneezing fre-
quency in the allergic rhinitis model.15—17) On the other hand,
Yamasaki et al. reported that the intranasal application of U-
46619, a TXA2 receptor agonist, caused no sneezing in
guinea pigs.18) This finding is consistent with our result in the
present study. Therefore, it is thought that the TXA2 has an
important role on nasal blockage, but has no association with
sneezing.

Our study showed that ramatroban significantly inhibited
the increase of nasal symptoms induced by the antigen.
There is some evidence that ramatroban inhibited the nasal
signs.19,20) It has been reported that ramatroban showed an-
tagonistic activity not only towards the TXA2 receptor, but
also towards one of the prostaglandin D2 (PGD2) receptors, a
chemoattractant receptor-homologous molecule expressed on
Th2 cells (CRTH2).21,22) CRTH2 contributes to both mast
cell-dependent activation of Th2 cells and eosinophils and
paracrine activation of Th2 cells, which might occur during
immunogulobulin E (IgE)-facilitated antigen presentation.23)

In addition, it was reported that PGD2 showed a synergistic
effect on sneezing and nasal rubbing induced by histamine

via CRTH2.24) Accordingly, it is suggested that ramatroban
shows an inhibitory effect on allergic symptoms not only via
the TXA2, but also via the CRTH2 receptor.

Next, we investigated the effects of these drugs on hista-
mine sensitivity. It has been reported that H1 receptors and
the levels of histidine decarboxylase, histamine synthetase,
were elevated in an allergic rhinitis model.25,26) Moreover,
nasal hyperresponsiveness to histamine gradually developed
in response to pollen inhalation in clinical observation27) and
in an animal model.28) Our results showed that repeated ad-
ministration of epinastine and ramatroban significantly inhib-
ited the increase of histamine hypersensitivity in the model
of allergic rhinitis. The prophylactic effects of epinastine on
seasonal allergic rhinitis in human were investigated, and the
results of the present study corresponded with those of these
clinical studies. The present study revealed that ramatroban,
but not seratrodast, showed a prophylactic effect on experi-
mental allergic rhinitis in mice. This finding suggests that
prophylactic treatment with ramatroban is more useful for
the control of allergic conditions than therapeutic treatment
in allergic rhinitis.

In addition, we investigated the number of eosinophils in
the mucosa at both sides of the nasal septum. Allergic rhini-
tis is characterized by a marked increase in number of
eosinophils in the nasal submucosa and epithelium.29)

Eosinophils, infiltrating into the tissues from post-capillary
venules, degranulate and release PAF, LT and cytotoxic 
granule proteins such as eosinophil cationic protein (ECP),
eosinophil peroxidase (EPO) and major basic protein (MBP),
which are presumed to produce epithelial damage.30—32) Re-
peated administration of epinastine and ramatroban signifi-
cantly inhibited the infiltration of eosinophils into the nasal
mucosa. However, repeated administration of seratrodast
showed no effect on eosinophil infiltration into the nasal mu-
cosa. It has been reported that epinastine caused an antago-
nistic effect against PAF,33) and inhibited the expression of
CD11b on eosinophils34) and eosinophil infiltration into the
nasal mucosa in an allergic rhinitis model in mice.18) It was
demonstrated that ramatroban inhibited the expression of 
intracellular adhesion molecule (ICAM)-1 and vascular cell
adhesion molecule (VCAM)-1 on endothelial cells by a
thromboxane-like prostanoid (TP) receptor antagonism.35) It
has also been shown that ramatroban inhibited eosinophil mi-
gration by a CRTH2 antagonism.36,37) Therefore, epinastine
and ramatroban might inhibit eosinophil infiltration into the
nasal mucosa by these mechanisms.

de Graaf-in ‘t Veld et al. reported that nasal hyperreac-
tivity is correlated with the percentage of eosinophils in 
patients with perennial rhinitis.38) Terada et al. demonstrated
that the administration of ramatroban for 4 weeks to patients
with perennial allergic rhinitis resulted in a significant de-
crease in eosinophil counts and ECP levels in nasal lavage
fluid, and nasal reactivity to histamine.39) They also reported
that a high correlation was observed between ECP levels and
the degree of nasal reactivity. These findings suggest that
eosinophils are responsible for the increase of nasal hyper-
reactivity. Therefore, in the present study, suppression of
eosinophilia in nasal mucosa by epinastine and ramatroban
resulted in a significant inhibition of nasal symptoms in-
duced by the antigen and histamine. The present study dis-
covered that ramatroban, but not seratrodast, showed a pro-
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Fig. 2. Effects of Epinastine, Ramatroban and Seratrodast on Nasal
Eosinophillia Induced by Antigen in Sensitized Mice

Epinastine, ramatroban and seratrodast were administered orally once a day from day
22 until day 99. Eosinophils were counted 24 h after the challenge on day 100. Each
column and vertical bar shows the mean�S.E.M. of 8 experiments. ∗, ∗∗ Significantly
different from control group at p�0.05 and p�0.01, respectively.



phylactic effect on experimental allergic rhinitis in mice.
This finding suggests that prophylactic treatment with rama-
troban is more useful for the control of allergic conditions
than therapeutic treatment in allergic rhinitis.

Histamine H1 receptor antagonists such as chlorphenir-
amine,40) ketotifen41) and olopatadine28) decrease the number
of H1 receptors in the nasal mucosa. These reports suggest
that in the present study, epinastine inhibited eosinophilia at
the same level as ramatroban: however the prophylactic ef-
fect of epinastine might be stronger than that of ramatroban
by this action.

In conclusion, the histamine H1 receptor antagonist epinas-
tine, the TXA2 receptor and CRTH2 antagonist ramatroban
showed a prophylactic effect on experimental allergic rhinitis
in mouse models. However, the TXA2 receptor antagonist
seratrodast did not show a prophylactic effect in the model of
allergic rhinitis. Therefore, it was suggested that the CRTH2
antagonism is important for the prophylactic effect. In addi-
tion, the prophylactic effect was involved in the suppression
of eosinophil infiltration into the nasal mucosa.
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