
The guinea pig has long been employed as a model of al-
lergic asthma, because the pulmonary responses following an
antigen challenge in the animal is similar to those of asth-
matic patients.1) The airway smooth muscle of guinea pigs
well reacts with various chemical mediators such as hista-
mine,2,3) cysteinyl leukotrienes (CysLTs),3,4) and throm-
boxane A2,

5—7) which is very similar to that of human beings.
In addition, when sensitized guinea pigs are exposed to an
aerosolized antigen, a characteristic feature of chronic
asthma known as the late asthmatic response (LAR) is
evoked several hours after an early asthmatic response (EAR)
that occurs approximately 10 min after the challenge.8—12)

We too have developed an animal model of asthma show-
ing a LAR, in which guinea pigs were sensitized and chal-
lenged through exposure to aerosolized ovalbumin (OVA)�
Al(OH)3 and OVA alone, respectively.13) The mists were gen-
erated by a glassware pressure nebulizer, as their mean diam-
eter (approximately 2 mm) was smaller than that (approxi-
mately 5 mm) generated by an ultrasonic nebulizer.14) Thus,
the asthmatic obstruction in the model should occur in the
lower airway. However, approximately 20% of the mist
trapped in the airway tissues was found to be deposited in the
nasal mucosa despite using the glassware pressure nebu-
lizer.14) In addition, it took more than 4 months to induce the
LAR through repeated the aerosols,13) not particularly con-
venient for pharmacological examinations of anti-asthma
drugs.

Direct administration into the trachea without a surgical
operation is difficult in guinea pigs. However, we recently de-
veloped a method for intratracheal administration in con-
scious guinea pigs.15—17) In the present study, we attempted
to develop a new model showing a biphasic asthmatic re-
sponse, in which OVA�Al(OH)3 and OVA are delivered into
the lung by intratracheal administrations over several weeks.

In addition, we evaluated in the model whether airway hyper-
responsiveness, and infiltration by leukocytes such as
eosinophils were induced. Furthermore, effects of several
anti-asthma drugs on changes in the parameters of asthmatic
responses were assessed.

MATERIALS AND METHODS

Animals Male, 6-week-old Hartley guinea pigs (Japan
SLC, Hamamatsu, Japan) were used. The animals were
housed in an air-conditioned room at 23�1 °C and 60�10%
humidity, with lights on from 8:00 a.m. to 8:00 p.m.; they
were fed a standard laboratory diet and given water ad libi-
tum. The first sensitization was started 1 week after purchase.

This animal study was approved by the Experimental Ani-
mal Research Committee at Drug Safety Testing Center Co.,
Ltd. (Saitama, Japan).

Intratracheal Instillation The intratracheal instillation
was performed in conscious guinea pigs without any surgery,
as described previously.15—17) Briefly, after the removal of any
food struck to the inner surface of the oral cavity with cotton
wool, the mucosal surface of the oral cavity and larynx was
topically anesthetized by painting on a 1% lidocaine solution
absorbed into cotton wool. Then, stainless steel tubing 
(external diameter: 3.40 mm; internal diameter: 2.84 mm;
length: 70 mm), the tip of which was bent at an angle of
120°, was properly attached to the opening of the trachea at
the larynx. Teflon tubing (30 mm) was attached to the other
end of the oral cannula, and the inner surface of the Teflon
tubing was monitored for moisture indicating expiration by
the guinea pig through the oral cannula. After confirmation
that the guinea pig was breathing through the stainless steel
tubing, OVA�Al(OH)3 or OVA was instilled into the tube
with a pipet at a volume of 100 m l/animal.
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Sensitization and Challenge As shown in Fig. 1, guinea
pigs were sensitized by the intratracheal instillation of a sus-
pension of OVA adsorbed onto Al(OH)3 at a dose of 100 mg
OVA/mg Al(OH)3/100 m l/animal once a day for 7 d. The sen-
sitized animals were then intratracheally challenged with
OVA at a dose of 1 mg/100 m l/animal 12 d after the last sensi-
tization. In order to prevent anaphylactic death, pyrilamine
(10 mg/kg) was intraperitoneally administered 30 min before
the OVA challenge.

Pranlukast (100 mg/kg), theophylline (50 mg/kg), and 
dexamethasone (10 mg/kg) were administered orally twice 
at 18 and 2 h before the antigen challenge.

Measurement of the Biphasic Asthmatic Response
Specific airway resistance (sRaw) was measured 1 h before
and 5 min to 8 h after the OVA challenge using a two-cham-
bered, double-flow plethysmograph system (Pulmos-I;
M.I.P.S., Osaka, Japan) according to the method of Pennock
et al.18) Data were expressed as the change in sRaw (% in-
crease). Effects of anti-asthmatic drugs on LAR were ex-
pressed as the area under the response curve (AUC) for
changes in sRaw at 2—8 h after the challenge.

Measurement of Airway Hyperresponsiveness to Hista-
mine To assess airway hyperresponsiveness to histamine,
changes in lung resistance (RLung) after the administration
of histamine were measured by Pulmos-II (M.I.P.S., Osaka,
Japan) according to the method of Giles et al.19) Briefly, 1 d
after the challenge with OVA, the guinea pigs were anes-
thetized with an intraperitoneal injection of pentobarbital
sodium at 50 mg/kg, a tracheotomy was performed, and an
endotracheal cannula was inserted. The animals were artifi-
cially ventilated via the cannula using a small animal respira-
tor adjusted to a tidal volume of 6 ml/kg at a rate of 60
beats/min. While being artificially ventilated, the animals
were injected intravenously with a physiological saline solu-
tion containing various concentrations of histamine (5, 10,
20, 40, 80 mg/ml). Data were expressed as the change in
Rlung (% increase) and then each dose was converted loga-
rithmically. Effects of anti-asthmatic drugs on airway hyper-
responsiveness were expressed as AUC calculated from
dose–response curves for histamine.

Leukocytes in Bronchoalveolar Lavage Fluid (BALF)
Immediately after the assessment of airway hyperresponsive-
ness, mice were killed and the lung was lavaged via the tra-
cheal tube with saline (5 ml�2). The lavage fluid was cen-
trifuged at 120�g for 5 min at 4 °C. The cell pellet was sus-
pended with a defined volume (200—800 m l/sample) of
saline. The total leukocyte count in the lavage fluid was de-
termined by staining with Turk’s solution. For the differential
cell counts, BAL cells were centrifuged on a Settling cham-
ber (Neuro Probe, Cabin John, MD, U.S.A.) at 50�g for 30 s
at 4 °C, and then the settled leukocytes were stained with
Diff-Quik solution (Sysmex International Reagents, Kobe,

Japan). A minimum of 500 cells were counted under a micro-
scope, and based on their morphological criteria, classified as
monocytes, neutrophils, or eosinophils.

Statistical Analyses Data are shown as the mean�S.E.
Statistical comparison between two groups were made using
Student’s t-test. To compare more than two groups, Dunnett’s
test was used after an one-way analysis of variance
(ANOVA). A probability value of p�0.05 was considered to
indicate statistical significance.

RESULTS

Biphasic Asthmatic Response Figure 2 shows the time-
course of change in sRaw after the challenge with OVA in the
sensitized guinea pigs. The challenge induced a biphasic ele-
vation of sRaw peaking at 5 min (EAR) and 4 h later (LAR).
In the nonsensitized-challenged animals, no change in sRaw
was induced.

Before the challenge, the sRaw in the sensitized-chal-
lenged group (1.23�0.12) was not statistically different from
that in the nonsensitized-challenged group (1.32�0.16).

Figure 3 shows the effects of pranlukast, theophylline, and
dexamethasone on the biphasic asthmatic response. All three
significantly suppressed the LAR. Furthermore, theophylline
and dexamethasone, but not pranlukast, significantly sup-
pressed the EAR.
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Fig. 1. Experimental Protocol for the Sensitization with OVA�Al(OH)3

and Challenge with OVA in Guinea Pigs

OVA, ovalbumin.

Fig. 2. Time Course of Changes in Airway Resistance (sRaw) after the
Antigen Challenge in Sensitized Guinea Pigs

Each value represents the mean�S.E. for 8 animals. ∗ p�0.05 and ∗∗ p�0.01, com-
pared with the NS-C group. sRaw, specific airway resistance; S-C, sensitized-chal-
lenged; NS-C, nonsensitized-challenged; EAR, early asthmatic response; LAR, late
asthmatic response.

Fig. 3. Effects of Pranlukast, Theophylline, and Dexamethasone on the
Biphasic Asthmatic Response Induced by the Antigen Challenge in Sensi-
tized Guinea Pigs

Each value represents the mean�S.E. for 8 animals. ∗∗ p�0.01, compared with the
NS-C group. ## p�0.01, compared with the S-C group. sRaw, specific airway resist-
ance; S-C, sensitized-challenged; NS-C, nonsensitized-challenged; EAR, early asth-
matic response; LAR, late asthmatic response.



Airway Hyperresponsiveness Figure 4A shows changes
in airway responsiveness to histamine 24 h after the antigen
challenge. The responsiveness was more marked in the sensi-
tized animals than in the nonsensitized group.

Figure 5A shows the effects of pranlukast, theophylline,
and dexamethasone on the airway hyperresponsiveness to
histamine. Treatment with pranlukast, theophylline, and dexa-
methasone before the OVA challenge inhibited the develop-
ment of airway hyperresponsiveness.

Infiltration of Inflammatory Cells Figure 4B shows the
total leukocyte, mononuclear cell, neutrophil, and eosinophil
counts in BALF, which was collected 24 h after the OVA
challenge from the sensitized-challenged and nonsensitized-
challenged animals. Numbers of all these leukocytes were in-
creased in BALF of the sensitized guinea pigs.

Figure 5B shows the effects of pranlukast, theophylline,
and dexamethasone on the increase in numbers of inflamma-
tory cells. Theophylline and dexamehtasone inhibited the re-
cruitment of eosinophils in BALF, but not other types of
leukocytes. Pranlukast did not inhibit the recruitment of
leukocytes.

DISCUSSION

In the present study, so as to restrict allergic responses to

the lung, we chose to intratracheally administer OVA�
Al(OH)3 and OVA, thereby avoiding passage through the
nasal cavity. Guinea pigs were sensitized with intratracheal
instillations of OVA�Al(OH)3 for 7 d and challenged with a
single intratracheal administration of OVA 12 d after the last
sensitization. The challenge caused a marked biphasic asth-
matic response and airway hyperresponsiveness.

Most studies using experimental models of asthma have
not attempted to restrict allergic responses to the lower air-
way, even though sensitized guinea pigs are known to exhibit
nasal blockage after the intranasal instillation of an antigen.
In addition, we have reported that when guinea pigs inhaled
an Evans blue mist generated by an ultrasonic nebulizer, 80%
of the dye trapped in airway tissue was retained in the upper
airway.14) Therefore, it is important to deliver an antigen
specifically to the lung in experimental models of asthma.
The intratracheal sensitization and challenge used here effi-
ciently elicited allergic responses in the lungs, enhancing the
value of this model.

Our previous animal model of asthma was developed by
exposing guinea pigs to a fine mist of antigen solution.13)

However, it took more than 4 months to induce an LAR. An-
other key finding of the current study is that the EAR, LAR,
and airway hyperresponsiveness were induced by the first
antigen challenge, and took only 19 d, although only the EAR
was induced after the first challenge in our previous model.
These results suggest the intratracheal method to be an effi-
cient means of senstization/challenge in a short period of
time.

The findings suggest this experimental asthmatic model to
be suitable for the development of anti-asthma drugs. There-
fore, we examined effects of theophylline, pranlukast, and
dexamethasone, which have been used clinically for the treat-
ment of asthma. The effect of theophylline on the EAR may
be due to the inhibition of bronchoconstriction and airway
edema (plasma leakage) as previously reported.20) Dexam-
ethasone also inhibited the EAR, though glucocorticoids do
not prevent the immediate activation of mast cells resulting
in the release of chemical mediators.21) The effectiveness of
dexamethasone against the EAR may be associated with vari-
ous inflammatory changes, such as a suppression of vascular
permeability.

The LAR and AHR were also inhibited by theophylline.
The effect may be dependent upon not only a decrease in
bronchoconstriction and/or mucosal edema but also anti-
inflammatory actions, such as the non-selective inhibition of
phosphodiesterase,20) antagonism of adenosine receptor22,23)

and/or activation of histone deacetylate,24,25) which can lead
to reduced levels of cytokines that contribute to the develop-
ment of LAR and AHR. Furthermore, pranlukast inhibited
the LAR and AHR, suggesting that CysLTs are important
mediators in the development of these responses. However,
the suppression by pranlukast was weaker than that by theo-
phylline or dexamethasone. This difference may be related to
the recruitment of eosinophils, which theophylline and dexa-
methasone but not pranlukast inhibited, suggesting the re-
cruitment of eosinophils to be related to the LAR and AHR
in this model.

In conclusion, by employing intratracheal sensitization and
challenge, we have developed a guinea pig model of asthma
showing a biphasic asthmatic response and airway hyper-
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Fig. 4. Changes in Airway Responsiveness to Histamine (A) and Inflam-
matory Cells in BALF (B) 1 d after the Antigen Challenge in Sensitized
Guinea Pigs

Each value represents the mean�S.E. for 8 animals. ∗ p�0.05 and ∗∗ p�0.01, com-
pared with the NS-C group. RLung, lung resistance; S-C, sensitized-challenged; NS-C,
nonsensitized-challenged; Total, all cells; Eos, eosinophil; Neu, neutrophils; Mon,
monocytes.

Fig. 5. Effect of Pranlukast, Theophylline, and Dexamethasone on Airway
Hyperresponsiveness (A) and Inflammatory Cells in BALF (B) Induced by
the Antigen Challenge in Sensitized Guinea Pigs

Each value represents the mean�S.E. for 8 animals. ∗∗ p�0.01, compared with the
NS-C group. # p�0.05 and ## p�0.01, compared with the S-C group. RLung, lung re-
sistance; S-C, sensitized-challenged; NS-C, nonsensitized-challenged; Total, all cells;
Eos, eosinophils; Neu, neutrophils; Mon, monocytes.



responsiveness. This model may be useful for elucidating 
the pathogenesis of asthma, which could possibly lead to the
development of new therapeutic drugs.
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