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Abstract

The involvement of chemical mediators other than histamine in eosinophil infiltration in the nasal mucosa was studied using
histamine H; receptor-deficient mice. Histamine H; receptor-deficient mice and wild-type controls were immunized with
ovalbumin and consecutive topical antigen instillation was performed. Histological alterations and eosinophil infiltration into
the nasal mucosa of mice were examined. Diffuse infiltration of inflammatory cells and edema after sensitization with antigen
were observed in the nasal mucosa in both wild-type and histamine H; receptor-deficient mice. The number of eosinophils in
the nasal mucosa in mice sensitized with antigen was significantly increased as compared with controls. The number of
eosinophils in the nasal mucosa was significantly decreased by cetirizine and epinastine, ramatroban and zafirlukast in wild-
type mice. Not only histamine but also thromboxane A, and leukotrienes play important roles in allergic rhinitis, especially in

the late phase participating in nasal eosinophilia.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Allergic rhinitis is characterized by a marked
increase in number of eosinophils in the nasal submu-
cosa and epithelium [1], and eosinophils are well
known to cause an increase in nasal cavity lavage fluid
in patients with allergic rhinitis [2]. In the late phase of
the allergic reaction, eosinophils, infiltrating into the
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tissues from post-capillary venules, degranulate and
release granule cytotoxic proteins such as eosinophil
cationic protein and major basic protein, which are
presumed to produce epithelial damage [3]. Lipid
mediators such as leukotrienes and platelet-activating
factor that cause edema of the nasal mucosa membrane
[4,5], as well as cytokines that promote the chemotaxis,
activation and degranulation of eosinophils are also
generated by the activation of eosinophils [6]. It is
widely accepted that chemical mediators such as his-
tamine and leukotrienes facilitate leukocyte infiltration,
followed by allergic inflammation and airway hyper-
reactivity [7—9]. However, there are no interactions
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between the increase in eosinophils and nasal symp-
toms, and the damage of the epithelium seen in the
asthmatic airway was not observed in nasal allergy.
Very little information is available about the participa-
tion of chemical mediators in nasal eosinophilia in the
late phase of allergic rhinitis. Therefore, to clarify the
roles of histamine H; receptors and other chemical
mediators in animals, we performed histological anal-
ysis of the nasal mucosa of mice after active immuni-
zation using histamine H; receptor-deficient mice.

2. Materials and methods
2.1. Animals

Histamine H; receptor-deficient mice were gener-
ated by homologous recombination as previously

described by Inoue et al. [10]. Mutant mice has been
back-crossed to C57BL/6 mice. Mutant and wild-type
mice weighing 15-22 g were used for experiments.
Both strains were housed in a temperature-controlled
room at 24 £ 2 °C with 55 £ 15% humidity and were
given food and water ad libitum. All procedures
involving animals were conducted in accordance with
the guidelines of the Animal Care and Use Committee,
Faculty of Pharmaceutical Sciences, Okayama Univer-

sity.
2.2. Reagents

Ovalbumin (Sigma, St. Louis, MO, USA), pertussis
toxin (Sigma) and aluminum hydroxide hydrate gel
suspension (Cosmo Bio, LSL, Tokyo, Japan) were
used. These agents were dissolved in saline. Epinastine
hydrochloride (Boehringer Ingelheim, Ingelheim, Ger-

Fig. 1. Histopathological changes of nasal septal mucosa from mice sensitized with ovalbumin or saline. Wild-type and histamine H; receptor-
deficient mice were immunized followed by repeated instillation into the bilateral nostrils of saline (a, ¢) or ovalbumin (b, d). Twenty-four hours
after final antigen challenge, mice were killed and decapitated. Nasal specimens were fixed, decalcified and stained with hematoxylin and eosin.
Many eosinophils were present in the nasal mucosa of sensitized mice (arrows). (a) Wild-type mouse challenged with saline. (b) Wild-type
mouse challenged with ovalbumin. (¢) Histamine H; receptor-deficient mouse challenged with saline. (d) Histamine H; receptor-deficient

mouse challenged with ovalbumin.
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Fig. 2. The numbers of eosinophils in the nasal mucosa of mice
sensitized with ovalbumin. Eosinophils were counted in the mucosa
on both sides of the nasal septum of wild-type and histamine H;
receptor-deficient mice immunized with saline (open columns) or
ovalbumin (hatched columns) 24 h after final antigen challenge.
Each column and vertical bar shows the mean = S.E.M. of five
experiments. **Significantly different from saline-treated control
group at P<0.01.

many), cetirizine hydrochloride (UCB, Brussels, Bel-
gium), ramatroban (Bayer Yakuhin, Osaka, Japan) and
zafirlukast (Astra Zeneca, Osaka, Japan) were also
used. These agents were suspended in 5% gum arabic
and administered orally 1 h before antigen instillation.

2.3. Immunization

Mice were given an intraperitoneal injection of
ovalbumin (100 ug), aluminum hydroxide gel (1 mg)
and pertussis toxin (300 ng) by the method of Kayasuga
et al. [11]. Five days later, they received a booster
injection of 50 pg of ovalbumin alone subcutaneously
in the back. From 18 days after the first immunization,
daily intranasal sensitization with ovalbumin (50 ng)
was performed for 1 week.

2.4. Histological examination

Twenty-four hours after the challenge on day 25,
mice were anesthetized with diethylether. The animals
were killed by exsanguination, 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 1 week. 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 mucosa at both sides of the
nasal septum were determined microscopically [12].

2.5. Effects of drugs on antigen-induced nasal
eosinophilia

Test drugs were administered orally 1 h before nasal
antigen challenge, and the number of eosinophils was
counted under a light microscope.

2.6. Statistical analysis

Data are presented as means + S.E.M. Statistical
analysis was performed by one-way analysis of var-
iance with Dunnett’s test. Probability values of less
than 0.05 were considered significant.

3. Results
3.1. Histopathological changes

Typical microscopic findings in the nasal mucosa
are shown in Fig. 1. Photomicrographs indicated
infiltration of inflammatory cells comprised of eosi-
nophils in both wild-type and histamine H; receptor-
deficient mice after sensitization with ovalbumin (b,

Table 1
Effects of certain drugs on nasal eosinophilia after antigen challenge
in sensitized wild-type mice

Drugs Dose Eosinophil influx
(mg/kg, p.o.)
Vehicle 239.0£31.3
Cetirizine 3 146.5 +34.9
10 103.8 £31.2%
Epinastine 3 176.3 + 14.8
10 145.6 £ 22.6*
Ramatroban 30 180.8 +39.3
100 110.3 +19.2%
Zafirlukast 30 2053+314
100 127.8 £ 14.5%

Mice were immunized with ovalbumin, and 24 h after final
ovalbumin challenge, the number of eosinophils was counted on
both sides of the nasal septum. The drugs were given orally 1 h
before antigen instillation. Each value shows the mean + S.E.M. of
four to six experiments.

* Significantly different from vehicle group at P<0.05.
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d). On the other hand, inflammatory cells and edema
of the nasal mucosa were rarely seen in the nasal
mucosa in either strain treated with saline (a, c).

3.2. Assessment of nasal eosinophilia

The numbers of eosinophils in the nasal mucosa in
wild-type and histamine H; receptor-deficient mice
sensitized with ovalbumin are shown in Fig. 2. In both
strains, a significant increase in eosinophils number
was observed in the antigen-treated group as com-
pared with the saline-treated group.

3.3. Effects of drugs on antigen-induced nasal
eosinophilia

Table 1 shows the effects of chemical mediator
antagonists on nasal eosinophilia induced by antigen
in wild-type mice. The histamine H; receptor antag-
onists cetirizine and epinastine significantly decreased
the number of eosinophils induced by antigen at a
dose of 10 mg/kg. The thromboxane A, receptor
antagonist ramatroban and cys leukotriene 1 receptor
antagonist zafirlukast also inhibited nasal eosinophilia
significantly at a dose of 100 mg/kg.

4. Discussion

It has been suggested that eosinophils could be
responsible for the organ damage in hypersensitivity
reactions. We developed a mouse model of allergic
rhinitis with topical application of antigen, and histo-
logical changes and infiltration of eosinophils in the
nasal mucosa were also studied. The numbers of
eosinophils in the nasal mucosa of sensitized wild-
type and histamine H; receptor-deficient mice were
significantly increased as compared with the control
group. Therefore, this allergic model appears to be
useful for studies of the involvement of chemical
mediators in the late phase of allergic rhinitis. How-
ever, as described in the Results section, no marked
histological alterations and no significant differences
in eosinophil infiltration were observed between wild-
type and histamine H; receptor-deficient mice treated
with antigen in the membrane of the nasal mucosa.
These findings were essentially inconsistent with the
reports that histamine increases the infiltration of

leukocytes through histamine H; receptors in the late
phase of allergic responses [7,8]. On the other hand,
Takeda et al. [13] reported that there was no signifi-
cant difference in the number of eosinophils in bron-
choalveolar lavage fluid between mast cell-deficient
mice (W/W") and their congenic littermates. Almost
the same findings were demonstrated by de Van Rijn
et al. [14], who reported that the intensity of eosino-
phil infiltration into the nasal mucosa of immunoglo-
bulin E-dependent mice was not different from that of
wild-type controls. These findings suggested that
there is no intimate relationship between infiltration
of eosinophils and histamine/histamine H; receptor,
similarly to the findings of the present study.

Eosinophil infiltration into the nasal mucosa after
antigen challenge was significantly inhibited by both
epinastine and cetirizine in sensitized wild-type mice.
Epinastine shows selective and potent histamine H;
receptor antagonism. Cetirizine has been reported to
significantly block the accumulation of eosinophils at
skin sites after antigen challenge in atopic subjects
[15], and the drug caused a significant reduction of
ICAM-1/CD54 expression after conjunctival allergen
challenge [16]. Therefore, cetirizine probably reduces
adhesion molecule expression in addition to its hista-
mine H; receptor antagonistic activity resulting in
inhibition of eosinophil infiltration into the nasal
mucosa. The experiment using histamine H; receptor
antagonists suggested that histamine H; receptors are
also responsible for eosinophil infiltration to some
extent.

To investigate the participation of chemical medi-
ators other than histamine on nasal eosinophilia, the
effects of some chemical mediators were studied. Both
ramatroban and zafirlukast significantly inhibited the
infiltration of eosinophils. Narita et al. [12] reported
that ramatroban significantly inhibited antigen-
induced nasal eosinophilia in a guinea pig allergic
rhinitis model. In addition, Shi et al. [17] reported that
a thromboxane A, synthase inhibitor and a thrombox-
ane prostanoid receptor antagonist significantly
reduced the increase in number of eosinophils in
bronchoalveolar lavage fluid in sensitized mice. Zafir-
lukast caused a significant inhibition of eosinophil
migration from the lamina propria to the lumen
induced by chemotaxin formyl-met-leu-phe [18].
Underwood et al. [19] and Krell et al. [20] found that
pranlukast and zafirlukast significantly inhibited eosi-
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nophilia in bronchoalveolar lavage fluid after leuko-
triene D, challenge, suggesting the involvement of
leukotriene in nasal eosinophilia. Taken together, these
observations suggested that histamine H; receptors,
thromboxane A, receptors and cys leukotriene 1
receptors are involved in the eosinophil influx into
the nasal mucosa in actively sensitized wild-type mice.
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