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Effects of Bifidobacterium bifidum G9-1 on Nasal Symptoms
in a Guinea Pig Model of Experimental Allergic Rhinitis
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Recent studies of several animal models have shown beneficial effects of probiotics against allergic responses.
However, few reports have examined the effects of probiotics on allergic nasal symptoms such as sneezing and nasal
obstruction in animal models of allergic rhinitis. This study evaluated the efficacy of Bifidobacterium bifidum G9-1
(BBGY-1) on antigen-induced nasal symptoms using guinea pig models of allergic rhinitis. Oral administration of
BBGY-1 significantly inhibited antigen-induced allergic nasal reactions such as sneezing and nasal obstruction. Qur
results suggest that BBG9-1 may be useful for alleviating nasal symptoms in patients with allergic rhinitis.
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INTRODUCTION

Allergic rhinitis has emerged as a major public health
problem worldwide, and has become increasingly
common in recent years (7). Allergic rhinitis is a typical
allergic disease that shows various nasal symptoms such
as sneezing, itching, nasal hypersecretion and nasal
obstruction. Two types of allergic rhinitis are known:
seasonal allergic rhinitis and perennial allergic rhinitis.
Allergic rhinitis is associated with marked reductions in
quality of life for patients, negatively affecting work
productivity, school performance and social activities.

Probiotics are well known as viable bacteria with
beneficial effects on human health (2—4). Many kinds of
organisms have been used as probiotics, the most
common being lactic acid bacteria, lactobacilli and
bifidobacteria (5). Some probiotics have been used to
improve symptoms resulting from changes in human
intestinal flora (6, 7). Furthermore, several reports have
revealed that these probiotics can help to protect against
intestinal infection (8, 9), alter immunostimulation (10),
and decrease elevated serum levels of cholesterol (17, 12)
and glucose (11, 13, 14) in several animal models.

Many recent reports have shown the beneficial effects
of probiotics against allergic responses in several animal
models (/5-20). However, some reports have indicated
strain-dependent differences in the ability of probiotics to
modulate immune responses (16, 21, 22). Furthermore,
some reports have shown that oral treatment with
probiotics suppresses serum total immunoglobulin (Ig)E
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and/or antigen-specific IgE in several animal models, but
few reports have examined whether oral treatment with
probiotics suppresses allergic nasal symptoms such as
sneezing, nasal itching and nasal obstruction in animal
models of allergic rhinitis.

We previously reported that oral treatment with
Bifidobacterium bifidum G9-1 (BBG9-1) suppresses
serum total and antigen-specific IgE production in mice
(23). BBG9-1 thus seems to be effective in the treatment
of certain allergies. In the present study, to assess the
potential value of the BBG9-1 probiotic strain as a
therapeutic agent for allergic rhinitis, its effects on
antigen-induced nasal symptoms were investigated using
two different guinea pig models of allergic rhinitis: the
sneeze model and the nasal obstruction model.

MATERIALS AND METHODS

Preparation of bacterial cells

BBG9-1 which was isolated from infant feces, was
obtained from our laboratory. It was cultured at 37 °C for
20 h in viande et foie broth (beef-liver extract)
supplemented with 1% glucose and 0.04% cystine, then
dried with sodium glutamate and dextrin. These
preparations of BBG9-1 contained 2.2 x 101! colony-
forming units (cfu)/g.

Animals

Male Hartley guinea pigs (4 weeks old) were
purchased from Japan SLC (Hamamatsu, Japan). They
were housed in an air-conditioned room at 22 + 3 °C and
55 + 5% humidity, with ad libitum access to standard
laboratory diet (Labo G standard; Norsan, Yokohama,
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Fig. 1.
administration of BBG9-1 in sneeze model.
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* Exposed to 1% OVA aerosol for 10 min; ** 0.4 mg OVA/20 ul per nostril; *** 0.05 mg/animal/day.
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Fig. 2. Experimental design for the sensitization and challenge with OVA, and the oral

administration of BBG9-1 in nasal obstruction model.
*20 mg OVA/S mg Al(OH)3/ml/animal/time; ** 3% OVA aerosol into nasal cavity for 3 min; *** 0.05 mg/animal/day.

Japan) and water. All study protocols were approved by
the Experimental Animal Care and Use Committee of
Biofermin Pharmaceutical (Kobe, Japan).

Measurement of antigen-induced sneezing and nasal
itching

The protocol followed in this study is shown in Fig. 1.
Animals were randomly divided into three groups (n=10)
and exposed to an ovalbumin (OVA; Sigma, St. Louis,
MO) aerosol (1%) for 10 min two times at a 1-week
interval. After the last antigen exposure, the animals were
randomly allocated to cages, housed in groups of two per
cage and acclimatized to the environmental conditions for
>7 days before the experiment. At 2 weeks after the last
antigen exposure, nasal challenge was performed by
topical application of OV A solution (20 mg/ml, 20 ul x 2)
via nasal drops. Episodes of sneezing and nose-rubbing
movements were counted for the first 20 min after antigen
challenge. Nose-rubbing movements were assumed to

represent an index of nasal itching.

BBG9-1 was suspended in saline and orally
administered at a dose of 0.05 (107 cfu) mg/ml/day/
animal using a polyvinyl chloride tube (ATOM
indwelling feeding tube for infants, 5 Fr; Atom Medical,
Tokyo, Japan) for 3 weeks after the first sensitization. As
a control group, saline was orally administered at 1 ml/
day/animal for 3 weeks after the first sensitization.
Furthermore, as a positive control group, ketotifen
fumarate (Sigma, St. Louis, MO) was dissolved in saline
and orally administered at 0.3 mg/kg/ml/animal 1 h
before nasal challenge.

Measurement of antigen-induced intranasal pressure
The protocol followed in this study is shown in Fig. 2.
Animals (5 weeks old) were randomly divided into four
groups (n=10) and sensitized with an intraperitoneal
injection of 20 ug of OVA mixed with 5 mg of AI(OH);
in 1 ml of saline four times at 2-week intervals. One week
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after the last sensitization, nasal reactions were measured
according to the methods described by Fukuda et al. (24).
Briefly, the animals were anesthetized with an
intraperitoneal injection of 30 mg/kg of pentobarbital
sodium. A cannula was inserted into the trachea, and the
animals were allowed to breathe spontancously through
the cannula. A polyethylene cannula was inserted into the
nasopharynx from the side of the larynx, and the other end
of the cannula was connected to an artificial respirator set
at a flow volume of 4 ml and a frequency of 70 strokes/
min. The two duct pores, which are situated in the upper
oral cavity wall and lead to the nasal cavity, were closed
with Aron alpha A® (Sankyo, Tokyo, Japan). Intranasal
pressure was measured using a transducer (model DP45-
22; Validyne Engineering, Northridge, CA) connected to
a lateral port at the proximal end of the
endonasopharyngeal cannula. A saline or 3% OVA
aerosol, generated by an ultrasonic nebulizer (model
5000D; DeVilbiss Health Care, Somerset, PA) placed
between the nasopharynx and the artificial respirator, was
then insufflated into the nasal cavity for 3 min. The
increase in intranasal pressure was obtained by
subtracting the pre-challenge baseline pressure. To
evaluate the effects of BBG9-1, the area under the
response curve (AUC) was calculated for the increase in
intranasal pressure from 0 to 30 min after the end of
ovalbumin inhalation.

BBGY9-1 was suspended in saline and orally
administered at a dose of 0.05 (107 cfu) mg/ml/day/
animal using a polyvinyl chloride tube (ATOM
indwelling feeding tube for infant, 5 Fr; Atom Medical,
Tokyo, Japan), for 7 weeks after the first sensitization. As
a control group, saline was orally administered at 1 ml/
day/animal for 7 weeks after the first sensitization.
Furthermore, as a positive control group, ketotifen
fumarate (Sigma, St. Louis, MO) was dissolved in saline
and orally administered at 0.3 mg/kg/ml/animal 1 h
before nasal challenge.

Statistical analyses

Data are presented as mean + standard error of mean
(SEM). Statistical evaluation of the results for sneezing
and nose-rubbing was performed using the Mann-
Whitney U test. Statistical evaluation of the result for
nasal obstruction was performed using Student’s ¢-test or
Welch’s #-test after evaluation with the F-test when two
groups were compared, or Dunnett’s test when more than
two groups were compared. Probability values of P<0.05
were considered statistically significant.

RESULTS

Influence on antigen-induced sneezing and nasal itching

The application of OVA inside the nostrils induced
sneezing and nose-rubbing in sensitized guinea pigs.
Normal animals hardly responded to OVA solution. In
the control group, sneezing and nose-rubbing movements
were seen 13.2 + 1.8 and 86.7 + 11.5 times, respectively,
when counted in the first 20 min after OVA challenge.
BBG9Y-1 inhibited antigen-induced sneezing and nose-
rubbing by 38% (P=0.0392) and 28% (P=0.2056),
respectively (Fig. 3). No significant inhibition of
sneezing and nose-rubbing occurred with a single
administration of BBG9-1 by the same method as
ketotifen (data not shown). However, administration of
ketotifen (0.3 mg/kg) significantly inhibited both
reactions.

Influence on antigen-induced intranasal pressure

In the control group, inhalation of OVA via the nasal
cavity of anesthetized guinea pigs resulted in
significantly increased intranasal pressure at >5 min after
OVA inhalation in comparison with the saline-challenge
group (Fig. 4A). Increased intranasal pressure peaked at
30 min after OV A inhalation. Intranasal pressure in the
BBG9-1 group increased more gradually over time after
OVA inhalation than in the control group.

Figure 4B shows the AUC(_30 min for intranasal
pressure from 0 to 30 min. AUC(_3( min Was significantly
higher in the control group than in the saline-challenge
group. AUC( 30 min Was significantly lower in the BBGY-
1 group than in the control group (P<0.05). On the other
hand, administration of ketotifen (0.3 mg/kg) inhibited
the reaction by 33%, but the effect was not significant.

DISCUSSION

Allergic rhinitis is known to be associated with nasal
symptoms such as sneezing, rhinorrhea, nasal
obstruction, and itching. Sunada et al. (25) and Kawase et
al. (26) recently reported that some Lactobacillus strains
suppress such nasal symptoms in mouse and guinea pig
models of allergic rhinitis. However, no reports have
clarified whether bifidobacteria suppress nasal symptoms
in experimental allergic rhinitis. We report here the first
study to investigate the effects of bifidobacteria on nasal
symptoms, sneezing and nasal obstruction, in an animal
model of experimental allergic rhinitis.

We evaluated the efficacy of BBG9-1 in ameliorating
sneezing and nasal obstruction using two different guinea
pig models of experimental allergic rhinitis. BBG9-1 at
an oral dose of 0.05 mg/animal significantly inhibited
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Effect of BBG9-1 on occurrence of sneezing (A) and nose-rubbing (B) induced by

antigen inhalation challenge with OVA in sensitized guinea pigs. Animals were sensitized
by exposure to OVA aerosol (1%) for 10 min two times at a 1-week interval. Two weeks
after the final sensitization, nasal challenge was performed by topical application of OVA
solution (20 mg/ml, 20 1 x 2) via nasal drops. Sneezes and nose-rubbing movements
were counted for the first 20 min after antigen challenge. BBG9-1 was administered
orally for 3 consecutive weeks to animals after the first sensitization. Ketotifen fumarate
was administered orally at 0.3 mg/kg/ml/animal, 1 h before nasal challenge. Each column
represents mean £ SEM of 10 animals. *P<0.05 vs. control group.

antigen-induced nasal allergic responses such as sneezing
and nasal obstruction in experimental allergic rhinitis
(Figs. 3, 4). Inhibitory activity was found at quite a low
dose compared with other reports (25, 26) of probiotic
effects on experimental allergic rhinitis. These data
suggest that BBG9-1 is useful for reducing antigen-
induced nasal symptoms, and has high activity against
allergic rhinitis compared with other probiotics.
Allergic responses are thought to be linked to Th2
lymphocytes that produce high levels of interleukin (IL)-
4, IL-5 and IL-6, which promote IgE synthesis (27).
Probiotics have been shown to have the capacity to create
conditions that facilitate a re-direction of allergen-
induced Th2-skewed responses to a healthier, regulated
Th1/Th2 balance (1618, 28). We previously reported
that BBG9-1 suppresses total and antigen-induced IgE
production and Th2 cytokine production independent of
Th1-inducing cytokine production (23). Furthermore,
serum total IgE concentrations correlated directly with
fecal Escherichia coli counts in allergic infants (29).
Sudo et al. (30) reported that serum IgE levels in BALB/
¢ mice with intestinal flora disturbed by treatment with
kanamycin were elevated compared to those in normal
mice, and orally administered probiotics decreased these
elevated IgE levels. We also reported that BBG9-1 is
useful for the regulation of disturbed intestinal flora,

particularly elevated E. coli in rats (37). The guinea pig
models used in this study, the sneeze model and the nasal
obstruction model, are thought to mainly involve antigen-
specific IgG; production (32, 33) and antigen-specific
IgE production (34, 35), respectively. While consecutive
oral administration of BBG9-1 significantly inhibited
antigen-induced nasal allergic responses in both animal
models, no effects were seen after a single administration
of BBG9-1 before antigen challenge. Taking the results
obtained by other researchers and our own findings
together, BBG9-1 seems to directly or indirectly suppress
antigen-specific antibody production by improving the
Th1/Th2 balance and/or the intestinal flora.
Consequently, the development of allergic reactions due
to affecting sensitization with antigen-specific antibody
was prevented, regardless of the antibody class in these
models.

Nasal allergic responses are mediated by the actions of
released preformed and newly generated chemical
mediators such as histamine, cysteinyl leukotrienes
(CysLTs) and thromboxane (TX)A,, which are released
after activation of nasal mucosal mast cells and other
inflammatory cells (36). Some investigations have
indicated that histamine causes sneezing and nasal-
rubbing by binding to H1 receptors (H1Rs) at sensory
nerve endings (37-39, 40), and some studies have found
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Fig. 4. Effects of BBG9-1 on time-course change (A) and area

under the response curve (AUC) (B) of the increase in nasal
pressure after antigen inhalation challenge with OVA in
sensitized guinea pigs. Animals were sensitized by
intraperitoneal injection of OVA (20 ul) + AlI(OH)3 (5 mg)
four times at 2-week intervals. Sensitized animals were
challenged by inhalation of OVA aerosol (3%) for 3 min.
Intranasal pressure was measured for 30 min after cessation of
inhalation. AUC was calculated for the increase in intranasal
pressure from 0 to 30 min after the end of OVA inhalation.
BBG9-1 was orally administered for 7 consecutive weeks to
animals after the first sensitization. Ketotifen fumarate was
orally administered at 0.3 mg/kg/ml/animal, 1 h before nasal
challenge. Data represent mean = SEM of 10 animals. TP<0.05
vs. saline-challenge group; T1P<0.01 vs. saline-challenge
group; TT7P<0.001 vs. saline-challenge group; *P<0.05 vs.
control group.

that HIR antagonists inhibit symptoms of allergic rhinitis
in mouse and rat models (41, 42). In the present study,
ketotifen, a HIR antagonist, inhibited nasal symptoms in
our allergic rhinitis models after a single administration.
However, BBG9-1 showed no significant inhibition of
nasal symptoms after a single administration. The
mechanisms by which allergic rhinitis is inhibited by
BBGY-1 are thus clearly different from those of ketotifen.

In addition, Dev et al. (43) reported that consecutive oral
administration of a mixture of Bifidobacterium infantis
and Bifidobacterium longum showed significant anti-
allergic effects through inhibition of histamine signaling
by suppressing both HIR and histidine decarboxylase
(HDC) gene expression, followed by decreases in HIR
and HDC protein levels, and histamine content in an
animal model created by sensitization and provocation
with toluene 2,4-diisocyanate. These observations lead us
to suggest that part of the suppression mechanism of
antigen-induced nasal symptoms by BBG9-1 may be
associated with inhibition of histamine signaling. Further
studies are needed to clarify the mechanisms by which
BBG9-1 affects allergic rhinitis.

In conclusion, BBG9-1 showed significant inhibition
of antigen-induced sneezing and nasal obstruction. These
results suggest that BBG9-1 may be useful for treating
nasal symptoms in patients with allergic rhinitis.
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