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ABSTRACT

Objective: To determine the efficacy of the antihistamine bepotastine on treating nasal symptoms in
patients with Japanese cedar and cypress pollinosis, based on two previous studies that looked at
bepotastine OD’s inhibitory effect on symptom onset after exposure.

Design and methods: Randomized double-blind placebo controlled, parallel study. Twenty-eight
volunteers with Japanese cedar and cypress pollinosis were randomly assigned into two experimental
groups: a bepotastine-treated or a placebo control group. Subjects received either 10 mg bepotastine
tablets or placebo tablets 1day before entering an artificial exposure pollen chamber (OHIO Chamber)
and also for three or more consecutive days. They were exposed to Japanese cedar and cypress pollen
for 3h per day for 2 days. Nasal and ocular symptoms were self-rated by each patient at regular inter-
vals in addition to being objectively measured. Possible cognitive impairment was assessed by using
the digit cancellation test (D-CAT).

Results: In Study 1, under controlled conditions, there were no significant differences (p >.05) between
subjects exposed to Japanese cedar pollen and those exposed to cypress pollen in terms of total nasal
symptom score (TNSS).

In Study 2, in the placebo group, the amount of nasal discharge and the number of sneezes did not
diminish before cypress pollen exposure on the second day (p <.05). This suggests that an antihista-
mine can suppress the symptoms of hang over. No deterioration of work performance was observed
in the bepotastine group after pollen exposure for 2 days, as measured by D-CAT (p > .05).
Conclusion: We conclude that bepotastine can suppress allergy-related symptoms without impairing
work performance in subjects with seasonal allergic rhinitis caused by Japanese cedar pollen or cypress
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Introduction

This report was based on two Japanese papers that looked
at bepotastine OD'’s inhibitory effect on symptom onset after
exposure.[1,2] The number of people suffering from allergic
rhinitis (AR) has become a global health care problem that
greatly affects daily activity, work productivity, learning,
sleep, and quality of life.[3-5]

In Japan, the prevalence of AR has continued to rise over
the past decade, with rates increasing from 29.8% in 1998 to
39.4% in 2008.[6] In some regions more than 30% of the
people are affected. The main symptoms are sneezing, nasal
discharge, and nasal obstruction, which are not life threaten-
ing but it can be difficult to tolerate when it is more severe.
The major AR phenotype in Japan is Japanese cedar-cypress
pollinosis (JCCP), which has a prevalence of 26.5%.[6] JCCP is
mainly due to exposure to Japanese cedar (Cryptomeria
japonica) and Japanese cypress (Chamaecyparis obtuse)

pollen.[6] During spring, the dispersal of cypress pollen typic-
ally occurs between April and May after the dispersal of
cedar pollen, which typically occurs between February and
April. Although the peak levels for these two types of pollen
occur at separate times, AR pollinosis-related symptoms can
last for as long as 4 months, from February until early May,
because cedar pollen and cypress pollen contain several
cross-reactive components.[7,8]

These conditions lead to allergen and non-specific irritant
hypersensitivities, which contribute to the onset of AR.

The Practical Guideline for the Management of Allergic
Rhinitis in Japan (PG-MARJ) recommends that patients who
annually experience substantial symptoms of pollinosis
should receive early prophylactic treatment, starting immedi-
ately after pollen release or at the onset of symptoms.[6]

The PG-MARJ recommends that physicians determine the
drug regimen for each patient individually based on the
amount of anticipated pollen release during the current
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season and the type and severity of symptoms that each
patient has experienced in the past during the peak pollen
season. Treatments should be selected from among the chro-
mones, second-generation H1-receptor antagonists (H1RA)
and anti-leukotorien, PGD2/TXA2, and Th2-related cytokines
inhibitor.

Initial dispersion of the pollen can have a priming effect
and cause minimal persistent inflammation (MPI) character-
ized by an influx of inflammatory cells such as eosinophils
into the nasal mucosa. Thus, to decrease the incidence of
MPI, early interventional treatment or pre-seasonal treatment
can be considered for pollinosis patients.

Bepotastine besilate is a second-generation antihistamine
that has recently become available for clinical use as an
orally disintegrating (OD) formulation that contains menthol.
Along with its strong antihistamine action, this drug sup-
presses eosinophilic migration to nasal mucosa at clinical
doses.[9,10]

A double-blind comparative study demonstrated that
bepotastine is significantly superior to terfenadine in the
treatment of patients with perennial allergic rhinitis (PAR).[9]
Other clinical studies have demonstrated not only the effect-
iveness of bepotastine in the treatment of AR, but also its
safety.[12]

However, some questions remain. The purpose of this
study was to investigate the efficacy of a single dose of
bepotastine (10 mg bepotastine OD tablet) in the treatment
of allergic rhinitis patients exposed to Japanese cedar and
cypress pollen. Climate and the amount of dispersed pollen
grains cannot be controlled in the natural environment. Thus,
to achieve a stable, controlled environment, we conducted
this study using a pollen exposure chamber (OHIO cham-
ber).[11] Subjects are exposed to controlled amounts of
Japanese cedar and cypress pollen in this way.

Subjects and methods
Subjects

There are 47 subjects in study 1 and 28 subjects in study 2.
The subjects were adult patients with Japanese cedar and
cypress pollinosis. They ranged in age from 20 to 65 years.
The inclusion criteria were as follows: candidate subjects had
to experience allergic symptoms during the pollen season for
at least 2 years of the previous years and have a current
allergy score of 2 or more on the CAP-radioallergosorbent
test (CAP-RAST) specific for Japanese cedar pollen and score
of 1 or more specific for cypress pollen. They also had to
have an allergy score of 2 or less on a CAP-RAST specific for
house dust and mites.

The exclusion criteria were as follows: candidate subjects
having a nasal disease (e.g. deviated nasal septum or nasal
polyp) or an upper airway disorder (e.g. acute rhinitis, chronic
rhinitis, congestive rhinitis, atrophic rhinitis, chronic rhinosi-
nusitis, purulent mucus, or flu-associated sinusitis); the pres-
ence of systemic disease, including asthma, hypertension,
and diabetes mellitus; history of treatment with steroid injec-
tions 6 months or less before the start of the study; history
of treatment with oral inhalational or topical steroid therapy

and/or antihistamine therapy 4 weeks or less before the start
of the study; or female candidates that were pregnant or
breast feeding; or women trying to conceive a child. The
presence of any of these could confound the study outcomes
or evaluation. People who were deemed ineligible by the
physicians in charge were also excluded.

These studies were conducted in July, which is not the
pollen-dispersing season for Japanese cedar and cypress.
However, this was done for experimental control (see Study
Design subsection).

The study was conducted in accordance with Good
Clinical Practice (GCP) guidelines and the Declaration of
Helsinki. The Institutional Review Board (IRB) of Shinanozaka
Clinic reviewed and approved the study protocol. We regis-
tered this study in the University Hospital Medical
Information Network (UMIN ID 000005659). Informed consent
was obtained from all subjects.

OHIO chamber

The subjects were exposed to pollen in an apparatus called
the OHIO chamber, which we have already reported.[11,12]
Its square measure is 25 m?, the height is 2.5m, and have a
capacity of 15 subjects. Compressed air transfers pollen
grains from an outside dust feeder into the operation room
where it is mixed with conditioned air inside the pollen dif-
fuser after which the mixed air jets out upward from the
diffuser.

The chamber has several features that make it useful for
studying AR at different times of the year. Pollen concentra-
tion in the chamber is spatially uniform at certain tempera-
tures and humidity, thereby ensuring that the exposure is
uniform throughout the test period. Pollen count is moni-
tored and maintained with a computerized laser particle
counter (KC-20; Rion Co., Tokyo, Japan). Direct responses to
only pollen exposure can be obtained, because the chamber
environment is void of hazardous materials, such as volatile
organic compounds. The chamber also has an automatic
monitoring system that thoroughly removes pollen in the
chamber to prevent fungal growth. The biggest advantage
of using this chamber is that drug efficacy testing can be
performed during non-cedar-pollen dispersing seasons.[11,12]

Study design

Brief overview

We performed two clinical studies, the first of which was a
pilot study. In this preliminary trial (study 1), we compared
the symptom scores of subjects: patients exposed to
Japanese cedar pollen and cypress pollen (Tables 1 and 2).

Table 1. Characteristics of subjects participating

in study 1.

Total 47

Gender Male 22
Female 25

Age (year) Average+SD  353+9.2

lliness history(year) ~ Average+SD  144+7.2




The interval between these two pollen exposures was
1 week, which is enough in study 1. We confirmed the
patients had nasal and eye symptoms if they were exposed
to cypress pollen.

In study 2, we compared the symptoms of patients
treated with a placebo and another group treated with bepo-
tastine OD tablets. Both groups of patients in study 2 were
exposed to Japanese cedar pollen on day 1 of the study,
followed by cypress pollen on day 2.

Details of the two studies

The experiment was conducted in an OHIO chamber (see
below). The predetermined concentration we used for
Japanese cedar and cypress pollen in the chamber was 8000
grains/m?, an optimal number of pollen grain to yield nasal
and ocular symptoms in the subjects with Japanese cedar
and cypress pollinosis.[9]

The pollen count was measured with a computerized laser
particle counter (KC-20; Rion Co. Tokyo, Japan) that was
mounted in the chamber. The temperature inside the cham-
ber was set to 22°C, and the humidity was 45%. The OHIO
chamber can hold a maximum of 15 people at one time.

Table 2. CAP RAST score of subjects participating in

study 1.
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Table 3. Characteristics of subjects participating in study 2.
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They were informed that they could leave the chamber if
they became uncomfortable. The details for assessing subject
symptoms are described below in a separate section
(see Assessment).

In study 1, the subjects were exposed to either Japanese
cedar pollen or cypress pollen for 2h. The subjects were
exposed to Japanese cedar pollen and exposed to cypress
pollen 1 week after that.

Study 2 was a randomized investigator-blinded, placebo
controlled, parallel study. The study was conducted in July.
Subjects were randomly assigned to receive either a 10 mg
bepotastine OD tablet or a placebo tablet 1day before
exposure to pollen and a second tablet 10 min before enter-
ing the OHIO chamber (Table 3). There, they were exposed
to pollen (8000 grains/m?) 3 h per day on two separate days.
Since the bepotastine OD tablet has specific physical charac-
teristics that could not be mimicked in the placebo tablet,
the subjects could not be blinded to the treatment.
Therefore, the study was conducted as a single-blind study
for the physicians in charge. Chamber conditions were the
same as those described above for study 1.

The schedule for study 2 is outlined in Table 4. The sub-
jects were exposed to Japanese cedar and cypress pollen for
3 h. They were informed that they could leave the chamber if
they became uncomfortable. The details for assessing
subject symptoms are described in a separate section
(see Assessment)

Assessment

Each subject was instructed to rate and record the severity of
their nasal symptoms (sneezing, nasal discharge, nasal
obstruction, nasal itching) and ocular symptoms (itchy eyes
and tears) every 15 min according to the following five-point
scale: 0, none (no symptoms); 1, mild (symptoms present but
easily tolerated); 2, moderate (aware of symptoms, bother-

Bepotastine Placebo  some but tolerable); 3, severe (definitely aware of symptoms,
Total 14 14 difficult to tolerate but does not interfere with activities of
Gender Male 4 5 daily living); 4, very severe (difficult to tolerate, interferes
Female 10 9 . Lo J0 s .
Age (years) Average + SD 446194 424157 with act|V|t|.es of daily living). For each subject, we calculated
lliness history Average + SD 204+9.0 181+9.7 @ TNSS, which was the mean sum of scores for the four nasal
IgE score Japanese cedar 3 8 5 symptoms. We also calculated a total symptom score (TSS),
g ? g which was the mean sum of scores for the four nasal symp-
Japanese cypress 1 12 12 toms and ocular symptoms.
) 2 2 2 We also measured symptoms objectively. The amount of
Mites ; ; g nasal discharge and the number of sneezes of each subject
House dust 0 1 1 were measured every hour. The subjects were instructed to
1 4 4 use a clean tissue to blow their noses each time. Every 30 min,
2 2 2 the used tissues were collected in a plastic bag, labeled, and
Table 4. Schedule for study 2.
Seven days One day Day 1 exposure Day 2 exposure
before exposure before exposure
Examination . . .
CAP-RAST
Pollen exposure(Chamber) . .
(Japanese cedar) (Japanese cypress)
Medication oo o0 oo
Allergy diary
Check the side effects . . .
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Figure 1. TSS ( nasal and ocular symptoms) of subjects (N =47) in study 1 over time after exposure to Japanese cedar and cypress pollen under controlled condi-
tions in an OHIO chamber.
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Figure 2. Time course of development of nasal and eye symptoms scores for subjects in study 1 after exposure to Japanese cedar and cypress pollen. TNSS are
plotted over time after controlled pollen exposure in an OHIO chamber. (A) Sneezing, (B) Rhinorrhea, (C) Nasal obstruction, (D) Nasal itchiness, (E) Eye itchiness,

(F) Tearing.



weighed immediately after the end of exposure. The differ-
ence between the tissues’ weight before and after use was
estimated to be the amount of nasal discharge. In addition,
each subject was instructed to count and record the number
of times they sneezed every 30min. To determine whether
drug administration might impair the subjects’ work perform-
ance, we assessed cognition by using the digit cancellation
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Figure 3. Rhinorrhea and sneezing in subjects exposed to Japanese cedar and
cypress pollen in study 1. (A) Average amount of rhinorrhea (grams).
(B) Average number of sneezes.
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test (D-CAT),
function.[9]

The D-CAT was administered before pollen exposure
and 1, 2, and 3h after the start of exposure. In this test,
the subjects are asked to mark out certain predetermined
numbers in an array of 600 randomly arranged digits (0-9)
within Tmin. A same D-CAT was tested at every time
point.

Impaired performance on the D-CAT was taken as a
change in work performance and a change in elimination
error at each measuring point. We expected that the learning
curve could have occurred in both the groups, however, the
learning curve in the bepotastine group is better than in the
placebo group.

a screening test that assesses cognitive

Statistical analysis

Fisher's direct test and Student’s t-test were used to ana-
lyze the gender composition ratio and age of the subjects
in the two groups. The Wilcoxon rank sum test was used
to analyze disease duration differences and the serum IgE
antibody titers for Japanese cedar and cypress pollen in
the two groups. The symptom scores of each group were
expressed as changes from the scores before Japanese
cedar and cypress pollen exposure. The amount of change
in the weight of nasal discharge, the number of sneezes
for each time period, and the D-CAT for each group was
analyzed using the Wilcoxon rank sum test. A paired t-test
was used to analyze the results of the work performance
test for each group. We used SAS for Windows Version
9.1.3 (SAS Institute, Inc. Cary, NC). Test values that were at
p <.05 were considered statistically significant.
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Figure 4. Group comparisons of mean changes in total symptom scores from baseline in response to Japanese cedar and cypress pollen exposure in study 2. Error
bars are £ SD. A significant difference was found between the bepotastine and placebo groups from 30 min to 180 min after pollen exposure (p < .05).
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Figure 5. Mean changes in the individual symptom scores of the bepotastine and placebo groups for (A) sneezing, (B) rhinorrhea, and (C) nasal obstruction com-

pared to baseline in response to Japanese cedar pollen exposure in study 2.; *p < .05.
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Figure 6. Mean changes in (A) the number of sneezes and in (B) the amount of rhinorrhea in study 2.
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Figure 7. Changes in work performance from baseline as assessed with the D-CAT in study 2.

Results
Study 1

Comparison of Japanese cedar and cypress pollen
symptoms

Forty-seven subjects participated in Study 1. Under controlled
conditions there were no significant differences (p >.05)
between subjects exposed to Japanese cedar pollen and

those exposed to cypress pollen in terms of TNSS and sneez-
ing, rhinorrhea, nasal obstruction, nasal itching, and eye
symptoms (Figures 1-3).

Study 2

Figure 4 shows the changes over time in the TSS values of
subjects in the bepotastine group and the placebo group
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after controlled exposure to Japanese cedar and cypress pol-
len. There are significant differences between treatment and
the placebo group. In the bepotastine group, subjects devel-
oped nasal and/or ocular symptoms reliably 60-180 min after
exposure to Japanese cedar pollen on day 1 and 30-180 min
after Japanese cypress pollen exposure on day 2.

Statistical analyses of the total number of subjects with
symptoms demonstrated that bepotastine was significantly
superior in delaying the appearance of allergy symptoms
compared to the placebo.

Symptoms induced by pollen exposure

Compared with the placebo group, the bepotastine group
had lower scores for each allergy-associated symptom during
pollen exposure (Figure 5(A-C)). In the bepotastine group, all
the symptoms excluding sneezing scores were significantly
lower 60 min after exposure on day 1 and 30 min after expos-
ure on day 2 compared to those of the placebo group
(Wilcoxon’s rank sum test: p <.05). Indeed, subjects in the
bepotastine group experienced less sneezing, nasal dis-
charge, and nasal obstruction symptoms than the placebo
group did overall. The bepotastine group had a significantly
fewer number of sneezes during the first 30 min of pollen
exposure on day 1, and during the first 180 min of exposure
on day 2 than the placebo group (Figure 6(A)). Moreover, the
bepotastine group produced significantly less nasal discharge
than the placebo group (Figure 6(B)). Although bepotastine
seemed to relieve ocular symptoms as well, this difference
was not statistically significant (data not shown). We asked
whether the patients had adverse effects.

Cognitive assessment — work performance test (D-CAT)

D-CAT was conducted before the subjects entered the cham-
ber and 1, 2, and 3 h after pollen exposure. In the bepotas-
tine group, work performance increased gradually through
the 2 days in the chamber. However, in the placebo group,
work performance increased only on the first day of pollen
exposure. It did not increase on the second day (Figure 4).

Safety

Neither group developed any serious side effects from pollen
exposure while in the OHIO chamber or on the day after
leaving the chamber.

Discussion

In these two studies, an OHIO Chamber was used to expose
subjects to a fixed concentration of pollen in a stable
environment.[1,2]

Our study demonstrated that there was no significant dif-
ference in the allergy-associated symptoms elicited by
Japanese cedar pollen and cypress pollen under controlled
conditions of dispersal (study 1).

Administration of a 10mg bepotastine OD tablet before
pollen exposure reduced the development of symptoms in
patients with Japanese cedar pollinosis. In subjects treated

with bepotastine, the development of nasal symptoms was
significantly suppressed compared with the placebo group in
the earlier time periods, suggesting that bepotastine is useful
for early intervention of AR symptoms due to Japanese cedar
pollinosis.

On day 2, allergy-related symptoms of subjects receiving
placebo were similar to that of a hangover. These symptoms
worsened due to exposure to cypress pollen on day 2.
Therefore, continuous administration of bepotastine can also
prevent hangover symptoms.

Pollinosis is known to undermine daily quality of life
and to impair work performance, and its economic impact
has become a social problem. In the present study, we
assessed the subjects’ cognitive function using a perform-
ance test called the D-CAT. The cognitive level of the sub-
jects in the placebo group did not change significantly
during pollen exposure, whereas those in the bepotastine
group improved over time.[12] Interestingly, work perform-
ance of the placebo group did not increase on day 2, indi-
cating that continuous exposure to pollen impaired
performance. In the bepotastine group, work performance
increased, indicating that bepotastine did not impair per-
formance. From this point of view, continuous administra-
tion of antihistamine is critical.

Bepotastine distribution to the brain occurs at a low level,
because it is a substrate of P-glycoprotein, which limits its
distribution to the brain.[13] Bepotastine is classified as a
new second-generation, “non-sedating” antihistamine drug
based on a brain penetration study using PET.[13] Our results
show that bepotastine does not impair cognition, as demon-
strated with the D-CAT, are consistent with these pharmaco-
logical characteristics.

Conclusion

We conclude that bepotastine can suppress allergy-related
symptoms, while leaving work performance unaffected in
subjects with seasonal AR caused by Japanese cedar pollen
or cypress pollen.
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