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Ganoderma lucidum (GL), an oriental medical mushroom, has been used in Asia for the prevention and treat-
ment of a variety of diseases. However, the effect of GL on allergic rhinitis has not been well defined. The current
study describes the inhibitory effect of GL on the biphasic nasal blockage and nasal hyperresponsiveness induced
by repeated antigen challenge in a guinea pig model of allergic rhinitis. Intranasally sensitized guinea pigs were
repeatedly challenged by inhalation of Japanese cedar pollen once every week. Ganoderma lucidum was orally
administered once daily for 8 weeks from the time before the first challenge. The treatment with GL dose-dependently
inhibited the early and late phase nasal blockage at the fifth to ninth antigen challenges. Furthermore, nasal hyperre-
sponsiveness to intranasally applied leukotriene D, on 2 days after the eighth antigen challenge was also inhibited
by the treatment with GL. However, Cry j 1-specific IgE antibody production was not affected by the treatment.
In conclusion, we demonstrated that the pollen-induced biphasic nasal blockage and nasal hyperresponsiveness
were suppressed by the daily treatment with GL in the guinea pig model of allergic rhinitis. These results suggest
that GL may be a useful therapeutic drug for treating patients with allergic rhinitis. Copyright © 2011 John Wiley

& Sons, Ltd.
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INTRODUCTION

Patients with allergic rhinitis have serum IgE antibody
against specific allergens including pollens of trees, grasses
or weeds, and characteristic symptoms of the condition are
sneezing, rhinorrhea and nasal blockage (Naclerio, 1991).
When specific allergens are applied to the nasal cavities
of patients, over 90% immediately respond by sneezing,
rhinorrhea and nasal blockage (Iliopoulos et al., 1990).
In addition, about 50% of these patients further develop
a late phase reaction with the predominant symptom
being nasal blockage, which results mainly from
sustained nasal congestion (Pelikan, 1978; Iliopoulos
et al., 1990). Furthermore, the nasal responsiveness of
allergic rhinitis patients to stimuli other than a specific
allergen increases compared with those of healthy indi-
viduals (Naclerio, 1991; Kanthawatana et al., 1997).

We have established an experimental allergic rhinitis
model using cedar pollen as antigen, demonstrating the
development of biphasic nasal blockages with peaks at
1 and 4 h by repeated pollen inhalation challenges, im-
mediate sneezing at the challenge and the increase of
Cry j l-specific IgE levels in the sera (Nabe et al.,
1998, 2005). Furthermore, marked nasal hyperrespon-
siveness to histamine and leukotriene (LT) D, was
observed after repetitive antigen challenges in this
model (Mizutani et al., 1999, 2001). These events are
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similar to clinical situations, indicating that the model
is suitable for analysing the pathogenesis of allergic
rhinitis and the evaluation of new types of therapeutic
drugs.

On the other hand, the medical mushroom Ganoderma
lucidum (GL) has been used traditionally in East Asia
for the prevention and treatment of various diseases,
such as cancer, hypertension, hepatitis, hyperglycemia
and bronchitis (Kimura et al., 2002; Maruyama et al.,
1989; Min et al, 2000). Furthermore, experimental
studies have shown the inhibitory effects of GL on
carrageenan- or formalin-induced paw edema (Lakshmi
et al., 2003) and mosquito allergy-induced itch in mice
(Andoh et al., 2010), suggesting that GL may have anti-
inflammatory and antiallergic effects. However, the
effects of GL on the nasal symptoms induced by antigen
challenge in experimental allergic rhinitis have not yet
been elucidated.

In the present study, we investigated the effects of the
long-term treatment with GL on sneezing, biphasic
nasal blockage, nasal hyperresponsiveness to leuko-
triene D, (LTDy), and Cry j 1-specific IgE production
induced by the antigen challenges in the experimental
allergic rhinitis model.

MATERIALS AND METHODS

Animals. Male, 3-week-old Hartley guinea pigs weighing
201-250 g were purchased from Japan SLC, Hamamatsu,
Japan. The animals were housed in an air-conditioned
room at a temperature of 23 +1°C and 60 + 1% humidity
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with lights on from 8:00 a.m. to 8:00 p.m.; they were fed a
standard laboratory diet and given water ad libitum. The
sensitization period was started 1week after the pur-
chase. Animal experiments were approved by the Ex-
perimental Animal Research Committee at Kyoto
Pharmaceutical University.

Commercial preparation of GL. Ganoderma lucidum
powder (100%, preparation for human use) containing
a guaranteed potency of 7.5% chitin and 40% p-glucans
was donated by Hamari Chemicals, Ltd. (Osaka,
Japan). In the present study, the powder was suspended
in distilled water and administered in a volume of
SmL/kg body weight.

Reagents. Japanese cedar pollen (Cryptomeria japon-
ica) was harvested in Gifu and Shiga Prefecture (Japan)
in 1998. Lidocaine hydrochloride was obtained from
Fujisawa Pharmaceutical (Osaka, Japan). Leukotriene
D, was obtained from Cayman Chemical (Ann Arbor,
MI, USA).

Al(OH); gel was prepared using 0.25N NaOH and
0.25N Al(SOy), as described elsewhere (Nabe et al.,
1997a).

The cedar pollen extract used for sensitization was
prepared as described elsewhere (Nabe et al., 1998).
Briefly, pollen was suspended in phosphate-buffered sa-
line at 100 mg/mL and kept at 4°C for 18 h with mild stir-
ring. The suspension was the centrifuged (1700g,
15min), and the supernatant was stored at —80°C until
used as the sensitization antigen.

Sensitization and challenge. As previously described
(Nabe et al., 1998), twice a day for 7 days, guinea pigs
were sensitized by bilateral intranasal instillation of
cedar pollen extracts adsorbed onto AI(OH); gel
(0.3 ug protein/0.3 mg Al(OH);) at a volume of 3 uL in
each nostril. To prevent the rapid elimination of the
antigen by ciliary movement, prior to each sensitization,
the upper airway mucosal surface was anesthetized by
using a 5-min inhalation of a mist of 4% lidocaine
hydrochloride solution that was generated by an ultra-
sonic nebulizer (NE-U12; Omron, Osaka). The sensi-
tized animals were then intranasally challenged once
every week until the eleventh challenge by inhalation
of 1.8 mg of cedar pollen (3.6 mg/animal) using a hand-
made inhalation apparatus (Nabe et al., 1997b), which
was designed to allow quantitative inhalation of pollen.

In this study, we evaluated both biphasic nasal block-
age and nasal hyperresponsiveness to LTD, at the
eighth pollen challenge in this model because we have
previously reported that such cedar pollen challenge
induces reproducible responses from the fourth to

subsequent challenges (Nabe et al, 1998; Mizutani
et al.,2001). For a negative control, a group of nonsensi-
tized—challenged animals, which were not sensitized
but exposed to the pollen once on the day correspond-
ing to the eighth challenge, was prepared (NS-C group).

Drug administration. The protocol followed in this study
is shown in Fig. 1. Guinea pigs that had been sensitized
with pollen extract plus AI(OH); were repeatedly chal-
lenged with the cedar pollen once every week. For a
long-term treatment protocol, oral administration of
GL (100 and 1000 mg/5 mL/kg) was started 2 days be-
fore the first challenge, followed by once daily treatment
until the day of the ninth challenge. For a short-term
treatment protocol, oral GL administration (1000 mg/
kg) was started 1 day after the seventh antigen challenge
until the day of the eighth challenge. On days of the
pollen inhalation challenge, GL was administered 2h
before the respective pollen challenges.

During the daily long-term treatment with GL, there
was no significant difference in body weight among the
three groups: mean+SE of body weight values on
the day of the ninth antigen challenge in sensitized—
challenged-vehicle, sensitized—challenged-GL (100 mg/kg)
and sensitized—challenged-GL (1000 mg/kg) were 730.5 +
24.3,714.0+19.5 and 740.2 £ 10.5 g, respectively.

Measurement of nasal blockage. To evaluate the degree
of nasal blockage, specific airway resistance (sRaw) was
measured in conscious guinea pigs before 1 and 4 h after
the fifth, sixth, seventh, ninth, tenth, and eleventh anti-
gen challenges using a two chambered, double-flow ple-
thysmograph system (Pulmos-I; MIPS, Osaka, Japan)
according to the method of Pennock et al (1979).
Changes in sRaw after challenges were calculated by
subtracting individual baseline sRaw values. At the
eighth challenge, sRaw was measured before and 1 to
8h after the challenge. The effect of GL on early and
late phase nasal blockage was expressed as the area
under the response curve (AUC) for the changes in
sRaw at 0-3 h (early phase) and 3-8 h (late phase) after
the eighth challenge.

Because the guinea pig functionally respires through
the nose but not through the mouth, sRaw can be taken
as the total resistance of the upper and lower airways in
the animal. However, in a previous study, when sponta-
neously breathing conscious guinea pigs were forced to in-
hale pollen as described above, almost all of the inhaled
pollen was trapped in the upper airways, with less than
0.001% reaching the lower airways (Nabe et al., 1997b).
Furthermore, although antigen inhalation-induced early
bronchoconstrictor response is characterized by rapid
and shallow breathing in another guinea pig model of
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Figure 1. Schedules for sensitization with cedar pollen extracts and subsequent nasal challenge by inhalation with cedar pollen in the guinea

pig, and for long- and short-term treatment with Ganoderma lucidum.
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asthma (Iijima et al., 1987), previous findings show that
in the present model, the pollen-inhalation challenge-
induced elevation of sRaw correlated well with the de-
crease in respiratory frequency (Nabe et al., 1998). In
addition, eosinophil accumulation in the lung, which is
a characteristic feature of asthmatic response, was not
observed at 5h after the pollen-inhalation challenge in
this model (Yamasaki et al., 2001a), although eosino-
phils were markedly increased in the nasal cavity lavage
fluid at 5h after the challenge (Yamasaki et al., 2001b).
These findings indicate that the change in sRaw induced
by pollen challenge in the present model almost exclu-
sively reflects upper airway obstruction.

Determination of sneezing frequency. Sneezing fre-
quencies in intervals 0—10min and 10min to 1h after
the eighth pollen challenge were counted.

Measurement of nasal responsiveness to LTD,4. To esti-
mate the nasal responsiveness to LTD,4, sRaw was mea-
sured before and 10 min after intranasal instillation of a
LTD, solution. Briefly, 2 days after the eiﬁghth inhalation
challenge, 10 uL of LTD,4 (10® and 10 °M) in solution
was consecutively applied to each nasal cavity of con-
scious guinea pigs.

Changes in sRaw induced by the intranasal instillation
of LTD, solution can also be considered to reflect upper
airway obstruction, because the LTD, challenge
decreased respiratory frequency in our allergic model
(Mizutani et al., 1999).

Measurement of NO, and NOj; in nasal cavity lavage
fluid. The nasal cavity lavage fluid (NCLF) was mea-
sured according to the previously described method
(Nabe et al., 1997b; Mizutani et al., 2001) in sensitized—
challenged and sensitized—challenged-GL (1000 mg/kg)-
treated groups 2days after the eighth inhalation
challenge. Briefly, after anesthetization with sodium
pentobarbital (40 mg/kg, i.p.), one end of the silicone
tubing, the other end of which was connected to an
air pump, was properly positioned in the right nostril
under reduced pressure by the air pump; then 1 mL
saline pre-warmed at 37°C was aspirated from the left
nostril via a tube.

Three initial NCLFs were performed to remove
pre-existing NO, and NO; at 20-min intervals to
sensitized—challenged or sensitized—challenged-GL-
treated guinea pigs, and the third NCLF served as a
baseline. The LTD, (10 M) was intranasally instilled
10 min after the third NCLF and then NCLF was per-
formed 10 min after the LTD, instillation.

The NCLF recovered was centrifuged at 10000 r.p.m. for
40min at 4°C. The resultant supernatant was used for the
NO, and NO; assay. The amounts of NO, and
NO; were measured by NO, and NOj; assay kit-F
(fluorometric) (Dojindo Lab. Co., Ltd, Kumamoto).

Measurement of Cry j 1-specific IgE antibody in sera.
As previously described (Nabe et al., 2005; Nagata et al.,
2008), Cry j 1-specific IgE antibody was determined by
an enzyme-linked immunosorbent assay (ELISA) kit
(Guinea pig IgE ELISA MARUPI; Dainippon Pharma-
ceutical Co., Osaka) using blood samples collected
3 days after the ninth inhalation challenge. Because this
kit is for the measurement of guinea pig total IgE, we
modified the method provided by the manufacturer to

Copyright © 2011 John Wiley & Sons, Ltd.

measure Cry j 1-specific IgE. Diluted sera was added
into the wells of a microtitre plate pre-coated with
anti-guinea pig IgE antibody, and then the plate was in-
cubated for 1h at 15-25°C. After washing, 100 ng/mL
of biotinylated Cry j 1 (Asahi Food & Healthcare Co.,
Tokyo) was added at a volume of 100 uL/well, followed
by incubation for 1h at 15-25°C. The plate was
washed, and then conjugated avidin-horseradish perox-
idase (BD Pharmingen, San Diego, CA, USA) was
added. Following incubation for 30 min and a subse-
quent washing, substrate solution was added, and the
enzyme reaction was developed for 30 min at 15-25°C.
The reaction was stopped with stop solution and absor-
bance values were measured at 450 nm.

Values for Cry j 1-specific IgE level in tested sera were
expressed in arbitrary units relative to the value of a
pooled standard serum from the sensitized—challenged
guinea pig. The standard serum was prepared by i.p.
injection of the pollen extract adsorbed onto Al(OH);
(20 ug pollen extract/20 ug Al(OH)s/mL/time/animal)
once every week for a total of nine times in naive guinea
pigs. The sera were harvested 2weeks after the last
sensitization and combined. Cry j 1-specific IgE titre of
the serum was regarded as 1000 AU/mL.

Statistical analyses. Statistical analysis was performed by
one-way analysis of variance. If a significant difference
was detected, the individual group difference was deter-
mined by Bonferroni’s multiple test. Comparisons of the
amounts of NO, and NOj  before and after LTD, in-
stillation were performed by the paired t-test. A prob-
ability value (p) of less than 0.05 was considered to be
statistically significant.

RESULTS

Effect of GL on the antigen-induced biphasic
nasal blockage

We investigated effects of the long-term treatment with
GL on early and late phase nasal blockages by measur-
ing sRaw at 1 and 4 h, respectively, after antigen chal-
lenges. Ganoderma lucidum (100 and 1000 mg/kg) was
found to inhibit both early and late phase nasal blockage
at the fifth to ninth antigen challenges (Fig. 2). The inhi-
bitions were not always statistically significant at the
challenging times observed, whereas dose-dependent
inhibitory effects, or their tendency, were consistently
produced by the long-term GL treatment (Fig. 2). As
shown in Fig. 3A, time-course changes of sRaw of re-
spective groups following the eighth antigen challenge
were assessed: GL at both 100 and 1000 mg/kg signifi-
cantly inhibited not only early but also late phase nasal
blockage. When expressed as AUCs, significant inhi-
bition by GL on the early and late phase nasal blockage
was recognized in a dose-dependent fashion (Table 1).
In contrast, although short-term treatment with GL
(1000 mg/kg) showed a tendency to inhibit the biphasic
nasal blockage, the difference was not significant
(Table 2).

During the long-term treatment study, there was no
significant difference in baseline sRaw at times before re-
spective challenges among the three groups: mean + SE of
baseline sRaw value 2h before the eighth challenge in

Phytother. Res. (2011)
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Figure 2. Effect of long-term treatment with Ganoderma lucidum on the biphasic nasal blockage induced by the fifth to ninth antigen chal-
lenges in sensitized guinea pigs. Data represents the mean+ SE of 12 animals. *p < 0.05, **p < 0.01: significantly different from the S-C
group. S-C, sensitized—challenged; sRaw, specific airway resistance; GL, Ganoderma lucidum.
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Figure 3. Effect of long-term treatment with Ganoderma lucidum on (A) biphasic nasal blockage and (B) sneezing frequency induced by the
eighth antigen challenge in the sensitized guinea pig. Data represents the mean £ SE of 12 animals. p < 0.05, t1p < 0.01: significantly dif-
ferent from the NS-C group. *p < 0.05, **p < 0.01: significantly different from the S-C group. NS-C, non-sensitized—challenged; S-C, sen-
sitized—challenged; sRaw, specific airway resistance; GL, Ganoderma lucidum.

Table 1. Effect of long-term treatment with Ganoderma lucidum on the area under the curve (AUC) for the increase in specific airway
resistance (sRaw) at the early (0-3h) and late (3-10 h) phases after the eighth antigen challenge

Increase in sRaw

Early phase [AUCq.3 1] Late phase [AUC3.10 1l
NS-C group 0.14+0.07 0.12+0.05
S-C group 2.76+0.241T 4.01+0.521"
S-C-GL (100 mg/kg) group 1.81+0.34 (34) 2.35+0.28* (41)
S-C-GL (1000 mg/kg) group 0.96+0.24** (65) 1.67+0.53* (58)

Data represent the mean + SE of 12 animals. Values in parentheses represent the percentage inhibition.
p < 0.01: significantly different from the NS-C group.

*p < 0.05 and; **p < 0.01: significantly different from the S-C group.

NS-C, non-sensitized—challenged; S-C, sensitized—challenged; GL, Ganoderma lucidum.

Copyright © 2011 John Wiley & Sons, Ltd. Phytother. Res. (2011)
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Table 2. Effect of short-term treatment with Ganoderma lucidum
on the area under the curve (AUC) for the increase in specific air-
way resistance (sRaw) at the early (0-3 h) and late (3-10 h) phases
after the eighth antigen challenge

Increase in sRaw

Early phase Late phase

[AUCo.3 1l [AUC3 10 1l
NS-C group 0.13+0.05 0.17+0.09
S-C group 2.31£0.45" 3.51+0.68""

S-C-GL (1000 mg/kg) group  1.94+0.39 (16) 2.96+0.55 (16)

Data represent the mean + SE of 12 animals. Values in parentheses
represent the percentage inhibition.

Tp < 0.01: significantly different from the NS-C group.

NS-C, non-sensitized—challenged; S-C, sensitized—challenged; GL,
Ganoderma lucidum.

sensitized—challenged-vehicle, sensitized—challenged-GL
(100 mg/kg), and sensitized—challenged-GL (1000 mg/kg)
were 1.026 +0.087, 1.172 +0.057, and 1.135+0.072 (n =12)
cmH,0 x mL/(mL/s), respectively.

Effect of GL on the antigen-induced sneezing

The number of sneezes at 0—10 min and 10min to 1h
after the eighth pollen challenge was 20 for the former
and 10 for the latter in the sensitized, vehicle-treated
guinea pigs (Fig. 3B). Ganoderma lucidum (100 and
1000 mg/kg) tended to reduce the number of sneezes at
0-10min but not for 10 min to 1h (Fig. 3B). The short-
term treatment did not show any inhibitory effect (data
not shown).

Effect of GL on the development of nasal
hyperresponsiveness to LTD,

Consistent with previous findings (Mizutani et al.,
2001), nasal responsiveness to LTD, in the sensitized—
challenged guinea pig on 2days after the eighth chal-
lenge was considerably more marked compared with
that of the non-sensitized—challenged guinea pig (NS-C
group). The development of the nasal hyperresponsive-
ness to LTD, was significantly suppressed by the long-
term treatment with GL (1000 mg/kg) (Fig. 4).

Effect of GL on the increase in NO, and NO3™ in
NCLF induced by LTD,

In the sensitized—challenged group, LTD, application
caused a significant increase in NO, and NOs; in
NCLF compared with before treatment. In contrast,
levels of NO, and NOs in NCLF in the sensitized-
challenged-GL (1000 mg/kg)-treated group showed only
a slight tendency to increase in response to LTD,
(Table 3).

Effect of GL on Cry j 1-specific IgE production

An increased level of Cry j 1-specific IgE antibody in the
serum was recognized after the ninth antigen challenge.

Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 4. Effect of long-term treatment with Ganoderma lucidum
on the development of the nasal hyperresponsiveness to LTDy4
induced by the eighth antigen challenge in the sensitized guinea
pig. Data represent the mean+SE of 12 animals. tp < 0.05,
t1p < 0.01: significantly different from the NS-C group.
*p < 0.05: significantly different from the S-C group. NS-C, non-
sensitized—challenged; S-C, sensitized—challenged; sRaw, specific
airway resistance; GL, Ganoderma lucidum.

Table 3. Effect of long-term treatment with Ganoderma lucidum
on amounts of NO, and NOj3™ in nasal cavity lavage fluid (NCLF)
induced by LTD, 2 days after the eighth antigen challenge in sen-
sitized guinea pigs

Amount of NO,™ and NO3~

(nmol/animal)
S-C-before group 4.01+0.29
S-C-LTD, group 5.23+0.36"
S-C-GL-before group 4.11+£0.21
S-C-GL-LTD4 group 4.48+0.35

Data represent the mean*S.E. of eight animals. The amounts of
NO,™ and NO3™ before and after LTD, instillation were compared
in S-C and S-C-GL groups.

Tp < 0.05: significantly different from S-C-before group.

S-C, sensitized—challenged; GL, Ganoderma lucidum; NCLF, nasal
cavity lavage fluid.

No treatment with GL exerted any influence on IgE
production (Table 4).

Resolution of inhibitory effect of GL on biphasic
nasal blockage

To evaluate whether the effectiveness on biphasic nasal
blockage is sustained after ceasing administration of
GL, we stopped the oral administration 1 day after the
ninth antigen challenge, and then observed the nasal
blockage at the tenth and eleventh challenges. The in-
hibitory effect on the late phase nasal blockage was con-
sistently sustained at the tenth challenge (Fig. 5).

Phytother. Res. (2011)
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Table 4. Effect of long-term treatment with Ganoderma lucidum
on the production of Cry j 1-specific IgE at the ninth antigen chal-
lenge in the sensitized guinea pig

Amount of IgE (AU/mL)

NS-C group ND

S-C group 4.18+3.2
S-C-GL (100 mg/kg) group 4.68+2.7
S-C-GL (1000 mg/kg) group 4.31+3.5

Data represent the mean+S.E. of 12 animals.
S-C, sensitized—challenged; GL, Ganoderma Ilucidum; ND, not
detected.
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Figure 5. Sustained effect of Ganoderma Iucidum (GL) on the bi-
phasic nasal blockage after the tenth and eleventh inhalation chal-
lenges with Japanese cedar pollen in sensitized guinea pigs. The
long-term treatment with GL was stopped at the ninth challenge.
Data represent the mean+SE of 12 animals. *p < 0.05: signifi-
cantly different from the S-C group. S-C, sensitized—challenged;
sRaw, specific airway resistance.

However, no inhibitory effect of GL was observed at the
eleventh challenge in groups that had been treated with
GL.

DISCUSSION

This study has demonstrated that when the sensitized—
challenged guinea pig was treated daily with GL during
the course of antigen challenge, the antigen-induced
nasal blockage was consistently inhibited. In addition,
GL also suppressed the development of nasal hyperre-
sponsiveness to LTD,. As previously reported (Nabe
et al., 2005), however, the level of specific IgE was ele-
vated in proportion to the increase in the number of
the antigen challenges in this experimental allergic rhi-
nitis. Increase of the Cry j 1-specific IgE level, however,
was not altered by the long-term treatment with GL,
suggesting that the suppression of nasal symptoms by
GL was not related to the level of specific IgE.

To assess whether the inhibitory effect of biphasic
nasal blockage is sustained even after the cessation of
the treatment with GL, we stopped the treatment at
the ninth challenge, and observed the magnitude of
pollen-induced nasal blockage at the tenth and eleventh

Copyright © 2011 John Wiley & Sons, Ltd.

antigen challenges. The inhibitory effect of nasal block-
age was sustained for at least 1 week after stopping the
treatment with GL, but was gone by the following week.
In contrast, short-term (1week) treatment with GL
(1000 mg/kg) did not significantly affect the antigen-
induced nasal blockage. These results mean that the
long-term treatment with GL from the initial stage of
the multiple antigen challenges would be required for
significant inhibition of nasal blockage.

Late phase, but not early phase, nasal blockage was
found to be significantly attenuated by pranlukast, a
cysteinyl LT, (CysLT;) receptor antagonist (Mizutani
et al, 2001), and N©-nitro-L-arginine methyl ester
(L-NAME), which has been known to non-selectively in-
hibit nitric oxide (NO) synthases, has been found to inhibit
early and late nasal blockage (Imai et al., 2001). Further-
more, LTDy-induced nasal blockage (nasal hyperre-
sponsiveness) was found to be strongly inhibited by
L-NAME (Mizutani et al., 2001), and LTDy, instillation
was found to cause a significant increase in NO, and
NOj; in NCLF compared with that before LTDy, instilla-
tion in sensitized—challenged guinea pigs (Mizutani
et al., 2001), indicating that late phase nasal blockage is
mostly due to NO production via CysLT; receptor acti-
vation. Therefore, we examined whether long-term
treatment with GL inhibited the increase of NO, and
NOs5 ™ in NCLF induced by LTD, instillation. Levels of
NO, and NOs5; in the sensitized—challenged-GL
(1000 mg/kg)-treated group showed only a slight ten-
dency to increase in response to LTDy, although LTD,
application caused a significant increase in levels of
NO, and NOs in the sensitized—challenged group.
These data suggest that the inhibitory effect of GL on
late phase nasal blockage may be associated with the
suppression of NO production via CysLT; receptor acti-
vation. On the other hand, NO can be involved in not
only late but also early phase nasal blockage (Imai et al.,
2001), although histamine (Yamasaki et al, 2001a),
CysLTs (Mizutani et al., 2001), kinins (Sugahara et al.,
2003) and tachykinins (Nabe et al., 2008) do not take
part in the early phase response, suggesting that the in-
hibition of early phase nasal blockage by GL may also
be associated with the reduction of NO production.

It has been reported that GL significantly showed a
dose-dependent inactivation of the production of reac-
tive oxygen species (ROS), such as superoxide anions
and hydroxyl radicals (Lee et al., 2001). Furthermore,
ROS can be involved in early and late phase nasal
blockage because ebselen (Mizutani et al., 2008), which
has been known to scavenge ROS, inhibited early and
late nasal blockage, suggesting that the development of
nasal blockage was associated with ROS production.
From the findings in this literature and our finding that
ROS can be involved in nasal blockage, it was suggested
that the inhibition of antigen-induced nasal blockage
with treatment with GL could be due to suppressed pro-
duction of ROS. We have to further analyse the effects
of GL on the production and elimination of ROS in fu-
ture studies.

Regarding the development of nasal hyperrespon-
siveness to LTD,, we have reported that both kinins
(Sugahara et al, 2003) and tachykinins (Nabe et al.,
2008) mediate the development via the stimulation of
bradykinin B; and B, receptors, and tachykinin NK;
and NK; receptors. We have suggested the possibility
that kinins immediately formed could stimulate release
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of tachykinins in the nasal tissues, leading to the devel-
opment of nasal hyperresponsiveness. The initiator of
the hyperresponsiveness, kinins, have been known to
be produced through the kininogenase activity of tryp-
tase, which is released from the nasal mucosal mast cells
by antigen-antibody reaction (Proud ef al., 1988; Walls
et al., 1992; Imamura et al., 1996). In the present study,
the development of nasal hyperresponsiveness was sup-
pressed by GL, suggesting that the inhibitory mecha-
nism might be due to the diminishment of kinins by
the inhibition of tryptase produced by IgE-mediated
mast cell activation.

On the other hand, it has been suggested that GL
influenced various cytokine production in both in vitro
and in vivo studies, and thereby GL may modulate im-
mune functions (Lin, 2005). However, there has been
no literature suggesting a relationship between the im-
mune systems and GL with regard to allergic symptoms.
Thus, detailed mechanisms underlying the inhibition of
GL should be analysed in future from an immunological
perspective.

Yamasaki et al. (2001a) previously reported that
sneezing induced within 1h after challenge was almost
completely suppressed by treatment with antihista-
minics. This indicates that histamine released from
mast cells immediately after pollen inhalation plays a
major role in the occurrence of sneezing. In this study,

long-term treatment with GL showed a tendency to
inhibit the induction of sneezing. Furthermore, Kohda
et al. (1985) reported that GL extract inhibited the
release of histamine from mast cells induced by com-
pound 48/80 in vitro. Together, these results show that
GL may exert inhibitory effects on the release of hista-
mine induced by IgE-mediated mast cell activation in
the nasal mucosa.

In conclusion, we have demonstrated that long-term
treatment with GL inhibited pollen-induced biphasic
nasal blockage in this guinea pig model of allergic
rhinitis. These results suggest that GL may be a useful
therapeutic drug for treating patients with allergic
rhinitis.
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