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Abstract. The present study was performed to study the participation of histamine Hj receptors
in nasal symptoms using Sch 50971, a potent and selective agonist of the Hs receptor. Repeated
topical application of antigen caused an increase in sneezing and nasal rubbing in sensitized
mice. Oral administration of Sch 50971 and imetit, specific Hs-receptor agonists, resulted in an
inhibition of nasal symptoms induced by an antigen similar to an H;-receptor antagonist, cetirizine.
Furthermore, simultaneous use of Hs-receptor agonists, Sch 50971 or imetit, and an H,-receptor
antagonist, cetirizine, caused a significant inhibitory effect on nasal symptoms at doses that
showed no effect when used separately. The number of eosinophils in the nasal mucosa of mice
sensitized with antigen was significantly decreased by cetirizine; however, Sch 50971 and imetit
had no effect on eosinophil infiltration. These results clearly indicate that H; receptors are
involved in the etiology of nasal allergy, and the stimulation of H; receptors may be useful as a

novel therapeutic approach in nasal allergy.
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Introduction

Allergic rhinitis is a chronic inflammatory disease of
the upper airway, and its prevalence is progressively
increasing (1). Histamine has been recognized as one of
the most important chemical mediators in allergic reac-
tions, and histamine H,—receptor antagonists are widely
used in the treatment of allergic rhinitis; however,
current H;-receptor antagonists are not effective in
controlling the disease completely (2, 3). From these
findings, it is reasonable to presume that mechanisms
other than H, receptors are involved in allergic rhinitis.

H; receptors were first found in the brain by
Arrang et al. (4), and the receptors have been considered
autoreceptors in presynaptic terminals of histaminergic
neurons that regulate histamine synthesis and release.
Not only in the central nervous system but also in the

*Corresponding author. kamei@pheasant.pharm.okayama-u.ac.jp
Published online in J-STAGE on October 9, 2008 (in advance)
doi: 10.1254/jphs.08164FP

206

peripheral system, they regulate the release of other
chemical mediators such as acetylcholine, noradrena-
line, dopamine, serotonin, and substance P. At present, it
is clear that Hj; receptors exist in human and animal
peripheral tissues (5 —8). In addition, Nakaya et al. (9)
reported that H; receptors were localized on the epithe-
lium and nerves in human nasal mucosa.

On the other hand, we have reported that Hs-receptor
antagonists induced scratching behavior (10) and an
increase of skin vascular permeability (11) in mice.
Furthermore, Hs-receptor agonists, Sch 50971, BP 2-94,
and NV*-methylhistamine have been shown to be effective
in inhibiting inflammation and migraine in guinea pigs,
mice, and humans (12 — 14); however, very little infor-
mation is available about the role of H; receptors in
allergic diseases, particularly nasal allergy.

The purpose of the present study is to study the
participation of histamine H; receptors in allergic rhinitis
of mice using Sch 50971, a potent histamine Hs—receptor
agonist with excellent in vivo receptor selectivity (12).
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Materials and Methods

Animals

Six-week-old female BALB/c mice were obtained
from Japan SLC, Shizuoka. The animals were housed in
an air-conditioned room maintained at 24 + 2°C with a
relative humidity of 55+ 15%. Food and water were
provided ad libitum. All procedures involving animals
were conducted in accordance with the Guidelines for
Animal Experiments at Okayama University Advanced
Science Research Center.

Reagents and drugs

The following drugs were obtained from the sources
shown in parentheses: ovalbumin (Grade VII, crystallized
and lyophilized, essentially salt-free; Sigma, St. Louis,
MO, USA), aluminum hydroxide hydrate gel (alum;
LSL, Tokyo), Sch 50971 dihydrochloride (Schering-
Plough K.K., Osaka), imetit dihydrobromide (Sigma),
and cetirizine dihydrochloride (UCB; SA, Brussels,
Belgium). Sch 50971 dihydrochloride, imetit dihydro-
bromide, and cetirizine dihydrochloride were dissolved
in distilled water and administered orally. The other
drugs were dissolved in physiological saline.

Sensitization

BALB/c mice were sensitized by intraperitoneal
injection of 0.2 ml of physiological saline containing
ovalbumin (1 ug) and alum (100 ug) on days 0, 5, 14,
and 21. Then, local sensitization was performed 3 times
a week from day28 by instilling the ovalbumin in
physiological saline (100 mg/ml, 2 ul) into the bilateral
nasal cavities using a micropipette.

Evaluation of nasal symptoms in mice

Before the experiment, the animals were placed in an
observation cage (31 x25x 18 cm) for about 10 min
for acclimatization. After nasal instillation of 2 ul of
ovalbumin dissolved in physiological saline (100 mg
/ml) into the bilateral nasal cavities, the animals were
returned to the observation cage (one animal/cage), and
the frequency of sneezing and nasal rubbing was
counted for 30 min. For the drug tests, the mice that
showed remarkable sneezing and nasal rubbing by
sensitization for 56 days or more were used.

Assessment of eosinophils in the nasal mucosa
Twenty-four hours after the challenge on day 56, mice
were anesthetized with diethylether. The animals were
sacrificed by exsanguination, and then their heads were
removed. They were fixed with 10% neutral-buffered
formalin for several days, and decalcified with 10%
EDTA solution (pH 7.4) for 1week. Samples were

embedded in paraffin, and frontal sections of the nose,
4-um-thick, were stained with hematoxylin and eosin to
evaluate the number of eosinophils. All eosinophils that
had infiltrated the nasal mucosa at both sides of the nasal
septum were determined microscopically.

Effects of drugs on nasal symptoms and the increase in
nasal eosinophils

In this study, Sch 50971 and cetirizine were admin-
istered orally 1h before the topical application of
antigen. Imetit was administered orally 2h before
antigen challenge. Sneezing and nasal rubbing induced
by ovalbumin were observed for 30 min and the number
of eosinophils was counted under a light microscope.

Statistical analyses

All experimental data are shown as the mean = S.E.M.
Statistical analysis of the data were performed with
one-way analysis of varience (ANOVA) followed by
Dunnett’s test for multiple comparison. Student’s #-test
was used for comparison between two groups. A proba-
bility value of less than 0.05 was considered significant.

Results

Changes in sneezing and nasal rubbing induced by
antigen in sensitized mice

Figure 1 shows the changes in sneezing and nasal
rubbing after antigen challenge. The number of sneezing
and nasal rubbing were increased by repeated topical
application of antigen. Sneezing was significantly in-
creased from day 35, and nasal rubbing was significantly
increased from day 28.

Effects of drugs on sneezing and nasal rubbing induced
by antigen in sensitized mice

As shown in Fig. 2, histamine Hs—receptor agonists,
Sch 50971 and imetit, dose-dependently inhibited sneez-
ing and nasal rubbing induced by antigen, and a signifi-
cant effect was observed at doses of 30 and 100 mg/kg.
The histamine H,—receptor antagonist cetirizine also
caused a dose-related inhibition of this response and, at
a dose of 10 mg/kg, it significantly decreased sneezing
and nasal rubbing.

Effects of the simultaneous use of H; agonists and H,
antagonist on sneezing and nasal rubbing induced by
antigen in sensitized mice

Figure 3 shows the effects of the simultaneous use of
Sch 50971 and cetirizine or imetit and cetirizine on
sneezing and nasal rubbing induced by antigen.
Sch 50971 (10 mg/kg), imetit (10 mg/kg), and cetirizine
(3 mg/kg) had no effect on sneezing and nasal rubbing
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Fig. 1. Changes in sneezing and nasal rubbing induced by antigen
in sensitized mice. Mice were immunized with saline (open circle) or
ovalbumin (closed circle), and sneezing and nasal rubbing were
counted for 30 min. Each point and vertical bar shows the
mean + S.EM. of 10 experiments. **: Significantly different from
the saline-treated group with P<0.01.
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when used alone. The simultaneous use of Sch 50971
(10 mg/kg) and cetirizine (3 mg/kg) significantly
inhibited nasal symptoms (sneezing and nasal rubbing).
The simultaneous use of imetit (10 mg/kg) and cetirizine
(3 mg/kg) also caused a significant decrease in this
response. In addition, the simultaneous use of Sch 50971
and cetirizine or imetit and cetirizine was more potent
than these drugs used separately.

Effects of drugs on the increase in nasal eosinophils
induced by antigen

The results are shown in Table 1. Neither Sch 50971
nor imetit significantly decreased the number of eosino-
phils induced by antigen even at a dose of 100 mg/kg.
On the other hand, cetirizine significantly decreased the
number of eosinophils at a dose of 10 mg/kg.

Discussion

In the present study, it was found that marked sneez-
ing and nasal rubbing were observed after repeated
topical application of antigen in sensitized BALB/c
mice. In addition, an increase in PCA titer, indicating the
production of antigen-specific IgE antibody, was also
noted (data not shown). Almost the similar findings in
rats were reported by Sugimoto et al. (15), who showed
that the topical instillation of antigen resulted in a
significant increase of sneezing and nasal rubbing as
well as PCA titer in sensitized rats.

Sch 50971 is a potent histamine Hs—receptor agonist
with excellent in vivo receptor selectivity (12, 16).

(mgl/kg, p.o.)

Fig. 2. Effects of histamine Hs—receptor agonists
and Hj-receptor antagonist on sneezing and nasal
rubbing induced by antigen in sensitized mice.
Sch 50971 and cetirizine were orally administered
1 h before the measurement of nasal symptoms.
Imetit was orally administered 2 h prior to measure-
ment. Column and vertical bar of imetit group
shows the mean = S.E.M. of 8 experiments, and the
column and vertical bar of the Sch 50971 group and
cetirizine group show the mean+S.EM. of 10
experiments. *, **: Significantly different from the
control group with P<0.05 and P<0.01, respec-
tively.

(mgl/kg, p.o.)
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Fig.3. Effects of the simultaneous use of H; agonists and H;
antagonist on sneezing and nasal rubbing induced by antigen in
sensitized mice. Sch 50971 and cetirizine were orally administered
1 h before the measurement of nasal symptoms. Imetit was orally
administered 2 h prior to measurement. Column and vertical bar of
imetit group shows the mean + S.E.M. of 8 experiments, and the
column and vertical bar of the other groups show the mean = S.E.M.
of 10 experiments. **: Significantly different from the control group
with P<0.01. *, *: Significantly different from the Sch 50971
(10 mg/kg) group or imetit (10 mg/kg) group with P<0.05 and
P<0.01, respectively. , 7': Significantly different from the cetirizine
(3 mg/kg) group with P<0.05 and P<0.01, respectively.

Table 1. Effects of certain drugs on the increase in nasal eosino-
phils after antigen challenge in sensitized mice

Drugs Dose (mg/kg) Eosinophil influx
Control 111.1+16.2
Sch 50971 30 99.6 £23.2
100 107.8 £23.9
Imetit 30 98.7+13.8
100 105.0+15.7
Cetirizine 3 79.0£6.0
10 69.0+2.1*

Mice were immunized with ovalbumin, and 24 h after final challenge,
the number of eosinophils was counted on both sides of the nasal
septum. Sch 50971 and cetirizine were orally administered 1 h before
the topical application of antigen. Imetit was orally administered 2 h
before antigen challenge. Each value represents the mean = S.E.M. of
5—7 experiments. *: Significantly different from the control group
with P<0.05.

Imetit also displayed high affinity and efficacy as an
H;-receptor agonist (17, 18). As shown in the present
data, oral administration of Sch 50971 and imetit
significantly inhibited sneezing and nasal rubbing
induced by an antigen, similar to cetirizine. These results
are consistent with the findings that (R)-a-methylhista-
mine, a classical Hj-receptor agonist, inhibited nasal
symptoms induced by antigen in mice (19). Cetirizine
has high specificity for the histamine H; receptor and is
well known to be effective in the treatment of allergic
diseases (20). We have also demonstrated that the
inhibitory effect of cetirizine on nasal signs occurred
only through histamine H, receptors from the findings
that the drug caused no inhibition of nasal symptoms in
histamine H;-receptor—deficient mice (21).

It has been thought that H; receptors are involved
in allergic and inflammatory reactions, and Hs-receptor
agonists might represent a novel class of anti-
inflammatory agents. For instance, MacLeod et al. (12)
reported that Sch 50971 might act to ameliorate the
sequelae of migraine. In addition, it was also demon-
strated that BP 2-94, an Hs-receptor agonist, appeared to
be a promising novel therapeutic agent for disorders
such as asthma, migraine, or a variety of inflammatory
diseases (14, 22). These effects were supposed to be
attributable to the inhibition of neuropeptide release
from primary sensory endings. In addition, it is well
known that H; receptors exist in nerve terminals and
regulate the release of various chemical mediators (4).
Nemmar et al. (23) reported that C-fibers of nerve
terminals in afferent neurons contain neuropeptides
such as substance P and that pretreatment with imetit
inhibited capsaicin-induced substance P release. It was
also demonstrated that (R)-a-methylhistamine inhibited
the increase in substance P release induced by anti-
dromic electrical stimulation (8). Furthermore, we have
reported that substance P plays an important role in
allergic rhinitis (24). From these findings, it seems likely
that the activation of H; receptors with Sch 50971 or
imetit decreased antigen-induced nasal signs resulting
from the inhibition of substance P release from sensory
nerve endings. In addition, H; receptors also exist in the
central nervous system; therefore, Hs-receptor agonists
can influence the general behavior of mice. However,
there are no remarkable behavioral changes during the
present experiments. Therefore, we assume that an
inhibition of H; agonists on nasal allergy occurs through
a peripheral effect.

As shown in the text, the simultaneous use of Hs-
receptor agonists and H;-receptor antagonist potentiated
the inhibitory effects compared with when both drugs
were used separately. In chronic allergic rhinitis, not
only histamine but also other chemical mediators
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Fig. 4. A schematic diagram of the relationship between H;
antagonism and Hj stimulation in inhibition of substance P release
from sensory nerve endings.

such as thromboxane, leukotriene, and substance P are
responsible for allergic symptoms (3). Based on these
findings, the combination of Hs-receptor agonists and an
H;-receptor antagonist may provide an additional benefit
by inhibiting substance P release from the C-fiber of the
sensory nerves via Hs receptors that is not blocked by an
H;-receptor antagonist. We show a schematic diagram
about simultaneous use of Hjs-receptor agonists and
H;-receptor antagonist (Fig. 4).

Eosinophils play a significant role in the patho-
physiology of various allergic diseases and it is well
known that they accumulate in the nasal mucosa in
patients suffering from allergic rhinitis (25, 26). To
investigate the role of H; receptors in the increase of
nasal eosinophils, we studied the effects of Hs-receptor
agonists. As shown in the data, no effect was observed
with Sch 50971 and imetit, even at a high dose.
Nakayama et al. (27) reported that human and mouse
eosinophils did not express Hs receptors. In addition, Hs
receptors did not induce eosinophil chemotaxis, cell-
shape change, and upregulation of adhesion molecules in
an in vitro study (28). Taken together, these data indicate

that H; receptors are not involved in eosinophil influx
into the nasal mucosa.

In conclusion, H; receptors are involved in the
etiology of nasal allergy, and their stimulation may be
useful as a novel therapeutic approach in allergic rhinitis.
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