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Abstract

The purpose of this study was to investigate the involvement of chemical mediators other than histamine in nasal allergic signs using

histamine H1 receptor-deficient mice. In passively sensitized mice, antigen instillation into the nasal cavity induced significant increases in

sneezing and nasal rubbing in wild-type mice, but no such increases were observed in histamine H1 receptor-deficient mice. In actively

sensitized mice, both sneezing and nasal rubbing were also significantly increased in a dose-dependent manner in both wild-type and histamine

H1 receptor-deficient mice. Histamine H1 receptor antagonists such as cetirizine and epinastine significantly inhibited antigen-induced nasal

allergic signs in wild-type mice, although the effects were incomplete. In addition, the thromboxane A2 receptor antagonist ramatroban also

inhibited these responses in wild-type mice. However, the leukotriene receptor antagonist zafirlukast showed no effects in wild-type mice.

These results suggested that in the acute allergic model (passive sensitization), only histamine H1 receptors are related to nasal signs induced by

antigen, whereas in the chronic allergic model (active sensitization), both histamine H1 receptors and thromboxane A2 receptors were involved

in the responses.

D 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In a previous study, we demonstrated a new model of

chronic allergic rhinitis showing nasal signs in rats (Sugi-

moto et al., 2000). Allergic rhinitis is an inflammatory

disease of the nasal mucosa characterized by nasal itching,

sneezing, rhinorrhea and nasal obstruction. The pathogene-

sis of the nasal allergic reaction initially involves the

interaction of allergens with specific immunoglobulin E

antibody bound to the surface of mast cells and basophils

on the nasal mucosa. As a result, the release of mediators

including histamine, leukotrienes, thromboxanes, platelet

activating factor and cytokines, which are responsible for

allergic signs, may occur (Baraniuk, 1997; Howarth et al.,

2000). Histamine has been recognized as a major mediator

in allergic reactions and diseases (Bachert, 1998; White,

1990), and it is widely accepted that histamine H1 receptor

antagonists are important agents in the treatment of nasal

signs (Krause, 1994; Buske, 1996). Clinically, however,

histamine H1 receptor antagonists are unable to ameliorate

nasal allergic signs completely (Howarth and Holgate, 1984;

Meltzer et al., 2000). These findings suggested the impor-

tance of chemical mediators other than histamine in allergic

rhinitis. However, very little information is available about

the participation of chemical mediators in nasal signs in

animal models. Therefore, in the present study, we devel-

oped a new allergic rhinitis model in mice, and the role of

chemical mediators other than histamine in nasal allergic

rhinitis was investigated using histamine H1 receptor-defi-

cient mice.

2. Materials and methods

2.1. Animals

Female histamine H1 receptor-deficient and wild-type

mice weighing 15–22 g were used. Histamine H1 receptor-

deficient mice were generated by homologous recombina-

tion as described previously (Inoue et al., 1996) and bred in
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our laboratory. Female wild-type mice (C57BL/6) were

obtained from Shimizu Laboratory Supplies, Kyoto. Both

strains were housed in a temperature-controlled room at

24F 2 jC with 55F 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 Scien-

ces, Okayama University.

2.2. Reagents

Ovalbumin (Sigma, St. Louis, MO, USA), pertussis toxin

(Sigma), mouse monoclonal anti-dinitrophenyl antibody

(Sigma), dinitrophenyl-ovalbumin (Cosmo Bio, LSL,

Tokyo, Japan) and aluminum hydroxide hydrate gel suspen-

sion (Cosmo Bio, LSL) were used. These agents were

dissolved in saline. Epinastine hydrochloride (Böehringer

Ingelheim, KG, Ingelheim, Germany), cetirizine hydrochlor-

ide (UCB, Belgium), ramatroban (Bayer Yakuhin, Osaka,

Japan) and zafirlukast (AstraZeneca, Osaka, Japan) were

also used. These agents were suspended in 5% gum arabic

and were administered orally 1 h before antigen instillation.

2.3. Immunization

To prepare immunoglobulin E-dependent passive ana-

phylaxis in nasal mucosa, 10 Ag of mouse monoclonal anti-

dinitrophenyl antibody was injected into the tail vein of each

mouse. These sensitized mice were used as passively

sensitized animals. Mice were given an intraperitoneal

injection of ovalbumin (100 Ag), aluminum hydroxide gel

(1 mg) and pertussis toxin (300 ng) (Oettgen et al., 1994).

Five days later, they received a booster injection of 50 Ag of

ovalbumin alone subcutaneously in the back. From 18 days

after the first immunization, daily intranasal sensitization

with ovalbumin (50 Ag) was performed for a week. These

mice were used as actively sensitized animals.

2.4. Titration of passive cutaneous anaphylaxis reaction

The immunoglobulin E titers in the serum were deter-

mined by passive cutaneous anaphylaxis reaction. Blood

specimens were obtained from the cava abdominalis. The

serum samples were stored at � 20 jC until use. Serial

dilutions of serum obtained from sensitized mice were

injected intradermally in a volume of 0.1 ml into the shaved

backs of normal rats. After 48 h, the rats were challenged

with intravenous injection of 0.2 ml/100 g animal physio-

logical saline containing 1 mg of ovalbumin and 4 mg of

Evans blue into the tail vein. After 30 min, the rats were

sacrificed, the dorsal back skin was peeled off, and the

diameter of the blue spot on the underside of the skin was

measured. Histamine was injected as a positive control. The

passive cutaneous anaphylaxis titer was expressed as the

reciprocal of maximum dilution of the antiserum that gave a

positive reaction of more 5 mm in diameter in the dorsal skin.

2.5. Evaluation of nasal signs

Before the experiment, the animals were placed into an

observation cage (32� 22� 10 cm) for about 10 min for

acclimatization. After nasal instillation of 1 Al of dinitro-

phenyl-ovalbumin solution (0.5–50 Ag/site, passively sen-

sitized mice) or ovalbumin solution (0.5–50 Ag/site,
actively sensitized mice) into the bilateral nasal cavities,

the animals were placed into the observation cage (one

animal/cage), and sneezing and nasal rubbing were counted

for 60 min by the method of Sugimoto et al. (2000).

2.6. Effects of drugs on nasal signs

In this study, test drugs were administered orally 1 h

before nasal instillation of ovalbumin (50 Ag/site), and

sneezing and nasal rubbing induced by ovalbumin were

counted for 60 min.

2.7. Statistical analysis

Data are presented as meansF S.E.M. Statistical analysis

was performed by one-way analysis of variance with Dun-

nett’s test. A probability value of less than 0.05 was

considered significant.

3. Results

3.1. Changes in nasal signs after antigen instillation in

passively sensitized mice

In wild-type mice, 5 days after immunization, topical

instillation of antigen (dinitrophenyl-ovalbumin) caused

Fig. 1. The numbers of sneezing and nasal rubbing behaviors induced by

dinitrophenyl-ovalbumin in passively sensitized wild-type and histamine H1

receptor-deficient mice. Mice were sensitized by injection of mouse

monoclonal anti-dinitrophenyl antibody, and 5 days later, dinitrophenyl-

ovalbumin was applied to the bilateral nostrils. Sneezing and nasal rubbing

were then counted for 60 min. Wild-type mice (open columns); H1 receptor-

deficient mice (hatched columns). DNP-OVA: dinitrophenyl-ovalbumin.

Each column and vertical bar shows the meanF S.E.M. of eight

experiments. a,b: Significantly different from control group at P < 0.05

and P< 0.01, respectively.
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increases in sneezing and nasal rubbing in a dose-dependent

manner, and significant increases in both signs were observed

at doses of 5 and 50 Ag/site. However, no observable effects

were noted even at a dose of 50 Ag/site in histamine H1

receptor-deficient mice (Fig. 1).

3.2. Passive cutaneous anaphylaxis titers

At 25 days after first immunization, the serum immuno-

globulin E titers were increased by immunization and no

differences were found between wild-type and histamine H1

receptor-deficient mice (wild-type mice, 1:64 to 1:1024;

histamine H1 receptor-deficient mice, 1:64 to 1:512).

3.3. Changes in nasal signs after instillation of antigen in

actively sensitized mice

In both wild-type and histamine H1 receptor-deficient

mice, 25 days after first immunization, topical instillation of

antigen (ovalbumin) caused increases in sneezing and nasal

rubbing in a dose-dependent manner. In wild-type mice,

significant increases in both signs were observed at doses of

5 and 50 Ag/site. In histamine H1 receptor-deficient mice,

both signs were significantly induced at a dose of 50 Ag/site
(Fig. 2).

3.4. Effects of certain drugs on antigen-induced nasal signs

In wild-type mice, the histamine H1 receptor antagonist

cetirizine dose-dependently inhibited sneezing and nasal

rubbing induced by ovalbumin, and a significant effect

was observed at a dose of 10 mg/kg, but in histamine H1

receptor-deficient mice, no such inhibition was observed

even at a dose of 10 mg/kg (Fig. 3). Epinastine also

inhibited both signs induced by ovalbumin, and a significant

effect was observed at a dose of 10 mg/kg in wild-type mice

(Table 1). In addition, the thromboxane A2 receptor antag-

onist ramatroban significantly inhibited both nasal signs at a

dose of 30 mg/kg in wild-type mice (Table 1). The cys

leukotriene1 receptor antagonist zafirlukast showed no

inhibitory effect on the responses even at a dose of 30

mg/kg in wild-type mice (Table 1).

4. Discussion

Allergic rhinitis is a type I allergy caused by antigen

binding to immunoglubulin E antibody on the surface of

Fig. 2. The numbers of sneezing and nasal rubbing behaviors induced by

ovalbumin in actively sensitized wild-type and histamine H1 receptor-

deficient mice. Mice were immunized with ovalbumin, and 25 days later,

ovalbumin was applied to the bilateral nostrils. Sneezing and nasal rubbing

were then counted for 60 min. Wild-type mice (open columns); H1 receptor-

deficient mice (hatched columns). OVA: ovalbumin. Each column and

vertical bar shows the meanF S.E.M. of 10 experiments. a,b: Significantly

different from control group at P< 0.05 and P< 0.01, respectively.

Fig. 3. Effect of cetirizine on nasal signs after antigen challenge in actively

sensitized wild-type and histamine H1 receptor-deficient mice. Mice were

immunized with ovalbumin, albumin hydroxide gel and pertussis toxin, and

25 days later ovalbumin was applied to the bilateral nostrils. Sneezing and

nasal rubbing were then counted for 60 min. The drug was given orally 1 h

before antigen instillation. Wild-type mice (open columns); H1 receptor-

deficient mice (hatched columns). Each column and vertical bar shows the

meanF S.E.M. of 10 experiments. a: Significantly different from control

group at P< 0.05.

Table 1

Effects of certain drugs on sneezing and nasal rubbing induced by antigen

in actively sensitized wild-type mice

Drugs Dose (mg/kg, p.o.) Sneezing Nasal rubbing

Epinastine Control 62.9F 6.3 39.4F 4.8

1 44.1F 8.3 37.4F 3.6

3 41.9F 12.3 29.7F 1.8

10 30.7F 5.5a 21.9F 1.5b

Ramatroban Control 54.9F 6.9 40.3F 5.1

3 45.3F 6.8 31.1F 5.5

10 36.7F 6.3 28.9F 4.9

30 33.0F 4.1a 21.6F 4.0a

Zafirlukast Control 56.5F 10.1 37.3F 3.9

3 45.4F 7.5 30.7F 7.5

10 36.6F 7.0 28.6F 5.3

30 35.8F 7.8 30.2F 6.7

Mice were immunized with ovalbumin, albumin hydroxide gel and

pertussis toxin, and 25 days later, ovalbumin was applied to the bilateral

nostrils. Sneezing and nasal rubbing were then counted for 60 min. The

drugs were given orally 1 h before antigen instillation. Each column and

vertical bar shows the meanF S.E.M. of 10 experiments.
a Significantly different from control group at P< 0.05.
b Significantly different from control group at P < 0.01.
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mucosal mast cells on nasal mucosa and sequent release of

chemical mediators by degranulation of mast cells. In the

present study, we developed an antigen-induced nasal aller-

gic rhinitis model and investigated the role of chemical

mediators other than histamine in nasal signs. In the pas-

sively sensitized model, although nasal signs induced by

antigen significantly increased in wild-type mice, no such

increases were observed in histamine H1 receptor-deficient

mice. Similar results were reported in allergic reactions using

histamine H1 receptor-deficient mice, indicating that vascu-

lar permeability in the conjunctiva in allergic conjunctivitis

is regulated through histamine H1 receptors (Nakahara et al.,

2000). Therefore, it is reasonable to assume that only

histamine H1 receptors were involved in antigen-induced

nasal signs in this acute allergic rhinitis model.

In the present study, sneezing and nasal rubbing caused

by antigen were increased in a dose-dependent manner in

both wild-type mice and histamine H1 receptor-deficient

mice. At present, we cannot explain why nasal signs were

generated in histamine H1 receptor-deficient mice. How-

ever, as described in the text, we found that specific

immunoglobulin E antibody level after active sensitization

was not significantly different between wild-type and his-

tamine H1 receptor-deficient mice. This finding suggested

that development of sensitization does not involve the

stimulation of histamine H1 receptors. Histamine H1 recep-

tor antagonists such as cetirizine and epinastine significantly

inhibited nasal signs in wild-type mice. Fabre et al. (1995)

reported that cetirizine inhibited the release of leukotrienes

and prostaglandins from human lung cells. As described in

the text, cetirizine showed no inhibitory effect on the nasal

responses in histamine H1 receptor-deficient mice. There-

fore, it seems likely that the inhibitory effect of cetirizine on

the responses occurs only through histamine H1 receptors.

These findings suggested that histamine H1 receptors are

closely related to antigen-induced nasal signs in this chronic

allergic rhinitis model. However, histamine H1 receptor

antagonists did not show complete inhibition of the re-

sponses. Therefore, chemical mediators other than histamine

were thought to participate in the responses induced by

antigen.

To investigate the roles of chemical mediators in nasal

allergic signs, we studied the effects of chemical mediator

receptor antagonists such as ramatroban and zafirlukast in

wild-type mice. The thromboxane A2 receptor antagonist

ramatroban significantly inhibited antigen-induced nasal

signs in wild-type mice. Similar findings were also reported

by Narita et al. (1996), who showed that ramatroban

significantly inhibited sneezing and nasal scratching in-

duced by antigen in a guinea pig allergic rhinitis model.

In addition, the level of thromboxane B2 (stable breakdown

product of thromboxane A2) in nasal cavity lavage fluid was

reported to increase 20 min after antigen challenge in guinea

pigs (Yamasaki et al., 2001). These findings suggested that

thromboxane A2 was responsible for early phase responses

of nasal signs. In contrast, the leukotriene receptor antago-

nist zafirlukast did not show significant effects on nasal

signs in wild-type mice. Clinically, Donnelly et al. (1995)

showed that sneezing and rhinorrhea were significantly

improved by zafirlukast as compared with placebo. This

finding suggested that leukotrienes are important mediators

of allergic rhinitis signs. However, Fujita et al. (1999)

reported that pranlukast caused no inhibition of antigen-

induced sneezing in a guinea pig model. Similar findings

were also reported by Pullerits et al. (1999) and Meltzer et

al. (2000), who showed that montelukast and zafirlukast

caused no inhibition of nasal clinical signs. These results

were consistent with those of the present study. Therefore,

it is reasonable to assume that thromboxane A2 receptors

were also involved in antigen-induced sneezing and nasal

rubbing.

In conclusion, in the acute allergic model (passive sensi-

tization), only histamine H1 receptors are related to nasal

signs induced by antigen, whereas in the chronic allergic

model (active sensitization), both histamine H1 receptors and

thromboxane A2 receptors were involved in the responses.
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