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ABSTRACT-To develop a model of chronic experimental asthma in guinea pigs, the animal was forced to
inhale the mist of a low dose of ovalbumin (OA) adsorbed on fine Al(OH)3 for sensitization once every
4 weeks. The animal was challenged by inhalation with the mist of OA on day 14 after the respective sensi-
tizations. Either the first or the second antigen challenge markedly induced an early asthmatic response

(EAR), whereas there was hardly any late asthmatic response (LAR). At the 3rd challenge, LAR also
emerged with some severity. These dual responses were consistently observed until the 10th challenge. On
the other hand, repeated inhalation/challenge, once every 2 weeks, with OA alone at the same dose tended
to lead to the desensitization of the EAR. In addition, LAR was hardly observed throughout the experi-
ments. In both groups,  Ti and IgE levels in the serum were elevated by the repetitive antigen inhalations, yet
no obvious relationship between these antibody levels and the intensity of either EAR or LAR was recog-
nized. The present results indicate that the asthmatic model with reproducible EAR and LAR developed in

this study appears to be very beneficial for the investigation of bronchial asthma and for the assessment of
anti-asthma drugs.
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The guinea pig has long been preferentially used as a

good model of allergic bronchial asthma because the
animal shows a very similar or identical sensitive pulmo-
nary response and histological findings of the altered

respiratory organ following antigen challenge to those of
asthmatic attack patients (1). In addition, the airway

smooth muscle of guinea pigs well responds to many
biologically active substances such as histamine (2, 3),

peptide leukotrienes (p-LTs)(3, 4), serotonin (5, 6),

prostaglandin (PG) D2, PGF2a, thromboxane A2 (7-9)
and endothelins (10, 11), which is very similar to that of
human beings. For the last decade, among diverse studies
in experimental bronchial asthma using guinea pigs,

many researchers have extensively focused on the early
asthmatic response (EAR) and late asthmatic response

(LAR), especially in relation to pulmonary hyperrespon-
siveness and eosinophil accumulation. Irrespective of

sensitization by injection or aerosol inhalation of antigen,
most reports have indicated that first, second or thir
challenge with antigen by inhalation induces not only

EAR but also LAR (12-16). However, Everitt and

Moore (17) demonstrated that Dunkin-Hartley and Hart-
ley guinea pigs sensitized by either injection or inhalation

of antigen with or without adjuvant, in experiments em-

ploying well-documented methods, showed no LAR,
although all the animals exhibited EAR when challenged

with aerosolized antigen.
On the other hand, it is worthwhile to establish a semi-

chronic or chronic experimental model of allergic bron-
chial asthma for detailed analysis of the disease and the

evaluation of the drugs that have been used as a remedy.
However, this model has been little studied because
repeated antigen challenge causes the pulmonary organ of

guinea pigs to become unresponsive (18-23).
Here, we report that repeated inhalations of antigen

with an adjuvant, aluminum hydroxide gels [A1(OH)3],
for long intervals of time can sensitize guinea pigs to

develop highly reproducible pulmonary dysfunction with
EAR and LAR in response to every repeated challenge by
antigen inhalation.
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MATERIALS AND METHODS

Animals

Male, 3-week-old, Hartley guinea pigs weighing 250-

300 g were purchased from Japan SLC, Hamamatsu.

Materials

Reagents and their sources were as follows: ovalbumin

(OA) and NaC1 (Wako Pure Chem., Osaka) and mepyra-

mine maleate (Sigma Chem., St. Louis, MO, USA). The

other reagents used were the highest grade of commercial

products available.

Al(OH)3 was prepared as previously described (24).

In brief, 0.5 N NaOH (100 1) was instilled to 0.5 N

Al2(SO4)3 (1001) under vigorous stirring followed by

washing 3 times with deionized water. The gels were

divided and stored at a concentration of 60 mg/ml of

physiological saline in sealed bottles (300 ml/bottle) at

4•Ž until use.

Anti-OA guinea pig serum was obtained according to

the method of Levine et al.(25). In brief, guinea pigs

were sensitized by i. p. injection of 10 ƒÊg OA/mg Al(OH)3

/animal/time, once every 2 weeks, a total of 10 times.

Both the 4-hr and 7-day passive cutaneous anaphylaxis

(PCA) titers of the serum were 1: 500. This serum

served as the standard for quantification of ƒÁi and IgE

antibody levels in sensitized guinea pig sera by PCA and

was stored at-80•Ž until use.

Preparation of OA adsorbed on Al(OH)3 [OA+A l(OH)31

for sensitization

OA+ Al(OH)3 for sensitization was prepared before

use. One volume of 2.4 mg OA/ml was instilled to 2

volumes of 60 mg Al(OH)3/ml under stirring to make

a concentration of 800 ƒÊg OA/40 mg Al(OH)3/ml. A

preparation of 16 mg OA/ml for sensitization and

challenge and a preparation of 40 mg Al(OH)3/ml for the

negative control animals were also prepared.

Inhalation conditions

As previously described (24), the OA+ Al(OH)3 sus-

pension or OA solution (approx. 50 ml), placed in a 21

polyvinyl chloride flask in which the head of a hand-made

glassware pressure nebulizer was set through a plug, was

supplied to the nebulizer and circulated with a peristaltic

pump (MP-3; Eyela, Tokyo) at a flow rate of 10 ml/min

under stirring. The pressured air was also supplied to the

nebulizer under the pressure of 1 atm and rate of 11.41

air/min. To eliminate mists of any relatively large gel

particles, the mists were first introduced into a 1.61 poly-

propylene box before the guinea pigs were forced to

quantitatively inhale them. The median diameters of the

OA+ Al(OH)3 and OA mists generated with the nebu-

lizer were 2.0 and 2.1 ƒÊm, respectively. When guinea pigs

were exposed to a mist of Evans' blue instead of the anti-

gen under these inhalation conditions, 79% of the mists

trapped in the whole airway was found in the lung and the

Fig. 1. Schedule for sensitization and challenge with the mist of antigen or vehicle to the guinea pig.*, 10ƒÊg ovalbumin

(OA)/animal/time;•õ, 750 ƒÊg Al(OH)3/animal/time;•ö, 15ƒÊg OA+ 750ƒÊg Al(OH)3/animal/time. The ordinal number shown

in parentheses represents the time of challenge.
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Fig. 2. Time course changes of airway resistance (Raw) by the  1st (a), 2nd (b), 3rd (c), 4th (d), 6th (e), 8th (f) and 10th (g)

inhalation of ovalbumin (OA) in sensitized guinea pigs. Group la (open circle): Inhalation of physiological saline, once every 2

weeks. Group 2 (closed circle): Inhalation of 10 pg OA/animal, once every 2 weeks. Guinea pigs were treated with mepyramine

(10 mg/kg, i.p.) 30min before each inhalation. Each point represents the mean•}S. E. of 5 to 10 animals. Significantly different

from Group la: *P<0.05, **P<0.01.
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rest was in the nasal cavity (24).

Sensitization and/or challenge with antigen

Sensitization and challenge with OA or OA+Al(OH)3

in all the experiments were performed by inhalation

of the mist. Five groups of guinea pigs were employ-

ed for the experiments, one for each of the following

sensitizing/challenging schedules: Group la (n=6): Inha-

lation of physiological saline, once every 2 weeks for 18

weeks (negative control of Group 2); Group lb (n =13):

Inhalation of physiological saline, once every 2 weeks for

40 weeks (negative control of Group 4); Group 2

(n=5-10): Inhalation of 10 ƒÊg OA/animal, once every 2

weeks; Group 3 (n=7): Inhalation of 750 pg Al (OH) 3

/animal, every 2 weeks for thefirst 2 times and then

alternate inhalations of physiological saline and 750 pg

Al (OH) 3/animal, once every 2 weeks; Group 4 (n=13):

Inhalation of 15 ƒÊg OA+750 ƒÊg Al(OH)3/animal, every

2 weeks for the first 2 times and then alternate inhala-

tions of 10 pg OA/animal (for challenge) and 15 pg OA

+750μgAl (OH) 3/animal (for sensitization), once every

2 weeks (Fig.1).

The guinea pigs of each group were treated with
mepyramine, an antihistaminic, at a dose of 10mg/kg

(i.p.) 30 min prior to the following respective inhalations:
Group la, the 3rd to 10th saline inhalations; Group lb,

the saline inhalations corresponding to OA inhalation
challenges of Group 4; Group 2, the 3rd to 10th OA

inhalations; Group 3, saline inhalations; Group 4, OA
inhalation challenges.

Exposure time (min) with antigen mists to guinea pigs

for quantitative inhalation was calculated from the fol-
lowing 3 values: 1) mist concentrations of OA or OA+

Al(OH)3, which was calculated by using Evans' blue in

place of OA (24); 2) the rate of these Evans' blue mists
trapped in the lung following inhalation (24); and 3)
respiratory volume for 1 min of individual guinea pigs,
which was measured by a two-chambered, double-flow

plethysmograph system as described in the next section.

Measurement of the pulmonary function
The airway resistance (Raw) before and after antigen

challenge by inhalation in the conscious guinea pig was
measured by a two-chambered, double-flow plethysmo-

graph system (Pulmos-I; M.I.P.S., Osaka). In brief, the
animal was placed with its neck extending through the

partition of a two-chambered box. The specific Raw (Raw
x thoracic gas volume, cmH2O/sec) was measured by the

detection of the respective sensors of air flow equipped to

the front and rear chambers according to the method
described by Pennock et al.(26). Raw [cmH2O/(ml/sec)]

was calculated by dividing the specific Raw by the in-
dividual tidal volume (ml) in place of the thoracic gas

volume (ml) because the functional residual capacity (ml)
could not be detected in the system.

PCA
The levels of r 1 and IgE antibodies against OA in the

serum from the sensitized guinea pigs (Groups 2 and 4)
were assessed by 4-hr and 7-day PCA, respectively, ac-

cording to the method of Ovary et al.(27) and Levine
et al.(25).

Statistical analyses

Statistical analysis was performed by one-way analysis
of variance (ANOVA). If a significant difference was de-
tected, the individual group difference was determined by

Bonferroni's multiple test. A probability value (P) of less
than 0.05 was considered to be statistically significant.

RESULTS

Change of Raw induced by antigen
The respective time courses of Raw at the first to 10th

inhalations of OA alone (Group 2) are shown in Fig.2.
At the 1st and 2nd inhalations, no significant variances of

Raw were observed (Fig. 2: a and b). However, the 3rd
inhalation induced a moderate but significant increase of

Raw 1.5hr after the provocation (Fig. 2c). Furthermore,
at 10min after administration of the 4th inhalation, Raw
reached three times the value before the inhalation (Fig.

2d). This increase is considered to correspond to EAR.
Through the 5th and 6th inhalations, the EAR was still

consistently observed, but the response was somewhat
deteriorated (Fig. 2e). With further inhalations, the

response was greatly reduced: There was minimum elici-
tation of EAR at the 8th and 10th inhalations (Fig.2:
f and g). Throughout the repetitive challenges by the

Fig.3. Time course changes of airway resistance (Raw) by the 1st (a), 2nd (b), 3rd (c), 4th (d), 5th (e), 6th (f), 7th (g), 8th (h),

9th (i) and 10th (j) inhalation of ovalbumin (OA) in sensitized guinea pigs. Group 1b (open circle): Inhalation of physiological

saline, once every 2 weeks. Group 3 (open square): Inhalation of 750 pg A1(OH)3/animal, every 2 weeks for the first 2 times and

then alternate inhalations of physiological saline and 750 pg Al(OH)3/animal, once every 2 weeks. Group 4 (closed square):

Inhalation of 15,ug OA + 750 pg Al(OH)3/animal, every 2 weeks for the first 2 times and then alternate inhalations of 10ƒÊg

OA/animal (for challenge) and 15 ƒÊg OA+750 ƒÊg Al(OH)3/animal (for sensitization), once every 2 weeks. Guinea pigs were

treated with mepyramine (10mg/kg, i. p.) 30 min before the challenge. Each point represents the mean•}S.E. of 7 to 13 animals.

Significantly different from Group lb (*P<0.05, **P<0.01) or from Group 3 (•õP<0.05, •õ•õP<0.01).



70 T. Nabe et al.

antigen inhalation, no discernible increase of Raw
corresponding to the LAR was recognized.

Figure 3 shows the results of the time course changes of

Raw following respective OA inhalation challenges dur-
ing alternate repeated inhalations of OA+Al(OH)3 for

sensitization and OA for challenge (Group 4). The first
antigen challenge, which was taken on day 14 after the

second inhalation of OA + Al(OH)3 in the consecutive
first two sensitizations,induced striking EAR.However,

no detectable LAR was recognized, although slight eleva-

tion of Raw was maintained from 1 to 10 hr after the

challenge (Fig. 3a). Similar results of the time course
change of Raw were obtained at the second challenge:
There was still no LAR between 5 and 10 hr after the

challenge (Fig. 3b). However, at the 3rd challenge, com-

parable differences from the former two challenges in the
time course change of Raw were observed; Raw was sus-
tained at considerably elevated levels until 5 hr after the

provocation, which followed transiently increased Raw

(EAR), and LAR is thought to be involved in this. LAR

Time of sensitization/challenge
(Day after the first inhalation)

Fig. 4. 4-hr (rl) and 7-day (IgE) homologous passive cutaneous anaphylaxis titers of the serum from guinea pigs sensitized and
challenged by inhalation with ovalbumin (Group 2). Sera were drawn on the 13th day after each antigen inhalation.
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could not be clearly distinguished from the EAR because

of the possible prolongation of the EAR (Fig. 3c). The
4th antigen challenge induced time course changes of Raw
with apparently separated EAR and LAR: The respective

peak Raws were seen 10 min in the former and 5 or 7 hr in
the latter after the challenge (Fig. 3d). These biphasic

responses persisted at every antigen challenge on and
after the 4th one at least until the 10th inhalation (on

day 280 after the first sensitization), although the EAR
seemed to be slightly deteriorated with repetition of the

challenge and the LAR occurred with variable intensities

(Fig. 3: e-j).

In the control groups (Groups la, lb and 3) that had

been treated with either aerosolized saline or Al(OH)3, no

obvious change of Raw was induced by inhalation of

physiologic saline at any time (Fig. 2 and 3).

Throughout the above experiments, there were no sig-

nificant differences among the groups when Raw at the

time before the respective challenges were compared:

mean•}S.E. of Raw values 1 hr before the 10th challenge

Time of challenge
(Day after the first inhalation)

Fig. 5. 4-hr (ri) and 7-day (IgE) homologous passive cutaneous anaphylaxis titers of the serum from guinea pigs sensitized by
inhalation with ovalbumin (OA)+Al(OH)3 and challenged by inhalation with OA (Group 4). Sera were drawn on the day be-
fore the respective challenges.
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in Groups la, lb, 2, 3 and 4 were 1.24•}0.07 (n=6),

1.15•}0.05 (n=13), 1.17•}0.14 (n=5), 1.10•}0.04 (n=7)

and 1.07•}0.07 (n=13) cmH2O/(ml/sec), respectively.

r1 and lgE antibodly levels in the sezum during sen-
sitization/challenge with antigen

The levels of ri and IgE antibodies in the serum during

the course of the repetitive sensitizations/challenges with
inhaled OA + Al(OH)3 and/or OA (Groups 2 and 4) were

quantified by measuring their titers of 4-hr and 7-day
PCA, respectively.

Figure 4 represents the results in the group sen-
sitized/challenged with OA without adjuvant (Group 2),
which were obtained from the serum on day 13 after each

antigen inhalation. None of the guinea pigs following the
first sensitization were found to be positive for either 4-hr

or 7-day PCA. At the second antigen inhalation (on day
27 after the first sensitization), 5 and 1 out of 10 animals

showed elevated levels of respective specific ri and IgE
antibodies in the serum. At the 3rd (on day 41 after the
first sensitization), significant levels of these antibodies

were detected in all animals with values ofmore than 16×

for 4-hr PCA and 4×for 7-day PCA. These antibody

titers in the serum were not decreased but rather slightly

increased by further inhalations of OA at least until the

10th inhalation.

Figure 5 shows r1 and IgE antibody levels in the serum

from the Group 4 guinea pigs during the course of sen-

sitization withOA+Al(OH)3/challenge with OA. The

serum was obtained on the day before the respective

challenges with OA for the PCA titers. The sera from a

few animals at the first challenge(on day 27 after thefirst

sensitization) were positive for 4-hr PCA, but all sera

were negative for 7. day PCA. At the second challenge(on

day 55 after the first sensitization), the sera of 60ut of g

animals were 4.hr PCA positive. However, none of these

sera showed any specific IgE antibody against OA. By

further inhalations of OA十Al(OH)3 and OA, both the

r1 and IgE antibody levels in the serum were elevated: All

animals were positive for 4-hr PCA at the 7th challenge

(on day 195 after the first sensitization) and for 7-day
PCA at the 10th challenge (on day 279 after the first
sensitization), respectively. By repeating sensitization

/challenge, no decrease in the level of either r1 or IgE
antibody was recognized.

DISCUSSION

In the past, studies have not been directed to develop

experimental asthma using guinea pigs, in which the

animal is sensitized and challenged repeatedly with anti-

gen on a long term basis, although these animals are fre-

quently used as a good model for the analyzing asthma

and the assessment of drugs for its remedy. One reason
for this is the easy development of tolerance with repeated

antigen challenges in this species (18-23). If such a model
with experimental asthma with chronicity could be made,

it would contribute much to asthma research. Therefore,
we examined whether semi-chronic or chronic experimen-

tal asthma in the guinea pig can be established by repeat-
ed inhalations with a small defined dose (10 pg/animal
/time) of antigen (OA) with or without the adjuvant,

Al(OH)3, at certain intervals. In the present experiments,
the time course changes of Raw and the levels of 71 and

IgE in the serum during long-term sensitizations
/challenges were investigated.

Repeated alternate inhalations of OA + Al(OH)3 for
sensitization and OA for provocation at 2-week intervals
can cause the appearance of LAR at a certain stage (4

months after the first sensitization) in addition to EAR
in the guinea pig. The LAR was sustained with

reproducibility and was constant until at least the 10th
inhalation challenge, while EAR slightly decreased with

the time of inhalation. On the other hand, repeated inha-
lations of OA alone at the same dose in similar sen-

sitization/challenge conditions also produced EAR with
an intensity that was more rapidly decreased with the time
of inhalation than that in the case of the sensitization

/challenge with OA + Al(OH)3/OA, but no obvious
LAR was observed at any sensitizing/challenging time.

In general, the sensitization by not only injection but
also inhalation with antigen without adjuvant has been
reported to stimulate only the production of cytophilic

r1 antibOdieS (28). HOWeVer, the preSent Sen-
sitization/challenge by inhalation with a small dose of

OA alone induced detectable levels of IgE as well as Ti on
the day before the 3rd sensitization/challenge, although

the appearance of the latter seemed to slightly precede the
former. On the other hand, comparatively different from

that with OA alone, the appearance of these antibodies
in the serum in the group sensitized/challenged with

OA+Al(OH)3/OA was delayed: Three out of 9 animals
were positive for 4-hr PCA and all animals were negative
for 7-day PCA in the serum on the day before the first

challenge. However, similar to the case with OA alone,
both the number of animals positive for 4-hr and 7-day

PCA and their titers were increased by the repetition of
sensitization/challenge. Eventually, all sera on the day

before the 10th challenge were positive for either PCA.
In preliminary experiments, when the mists of 10 pg

OA/animal were inhaled once every 2 weeks, 8 out of 12

guinea pigs of Group 2 died within 10 min after the 3rd
inhalation of the antigen. The majority of Group 4 also

died at the 1st challenge. Therefore, the guinea pigs of

each group were treated with mepyramine at a dose of 10
mg/kg (i.p.) 30 min before the respective challenges.
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Consequently, no guinea pigs died of anaphylactic shock
under the mepyramine treatment in both sensitized

groups (Group 2 and 4) at any challenge, suggesting that
histamine released from mast cells largely contributes to

the occurrence of EAR in a stage during repetitive
challenges, although it is not clear whether 10 mg/kg of
the drug completely antagonized the action of histamine

released.
Deterioration of EAR observed especially in the OA

repetitive inhalation group is not likely to be proportional
to the serum levels of 71 or IgE in both cases of the present

sensitization methods in accordance with another report

(23). Andrew et al. (23) suggested that the desensitization
in EAR is due to the decreased releasability of histamine
in low concentrations of challenging antigen. In the

present experiments, mepyramine was used for preven-
tion of sudden death, so that the possibility can be ex-

cluded. However, other chemical mediators such as
arachidonate metabolites responsible for the EAR might
be decreased in the same manner. Fleisch et al. (29)

showed that the amounts of not only histamine but also

p-LTs (called slow reacting substance of anaphylaxis in
the past) released anaphylactically from the guinea pig
lung (30, 31) decrease with increasing age. This is more

likely in the present case, since a considerable time period
is necessary for performing these experiments.

Our recent experiment showed that no deaths are ob-
served in Group 4 at the 4th challenge under conditions
where treatments without mepyramine are performed:

Although the intensity of EAR was enhanced, LAR was
unchanged. These observations suggest that repetitive

challenges may lead to the decrease of histamine
releasability from mast cells or the downregulation of
H1-receptors and that histamine might not participate in

causing LAR. Furthermore, different from other guinea

pig models (12, 14, 16, 17), it would become possible to
evaluate newly developed antihistaminic or inhibitors of
histamine release if asthmatic responses were observed

without mepyramine treatment.
The mechanism of the occurrence of LAR still remains

to be elucidated. Okada et al. (32) reported that silica,
which is known to stimulate macrophages to release

cytokines including interleukin (IL)-1 (33), and IL-1

potentiates antigen-induced LAR when simultaneously
administered at the time of sensitization with antigen.
Because of the elevated Ti and IgE levels in the serum
induced by them, they suggested that the substantial

amounts of these antibodies are required for a significant
magnitude of LAR. However, Terashi et al. (34) suggest-

ed that IgE is not associated with LAR because animals

passively sensitized with the antibody could not elicit sig-
nificant LAR. Thus, there is a controversy about whether
there is actually a correlation between levels of cytophilic

antibodies and the magnitude of LAR. As demonstrated
in the present experiments, in the group in which sen-

sitization/challenge was carried out by inhalation with
OA without adjuvant (Group 2), hardly any detectable
LAR was observed even though all the animals presented

high levels of not only IgE but also Ti in their sera.
Therefore, it is strongly suggested that neither IgE nor

Ti is directly linked to the occurrence of LAR. This seems
to be further supported by the present results obtained

from the experiments in which OA + Al(OH)3 was used
for the sensitization: The correlation between serum

levels of ri or IgE and the intensity of LAR was hardly
recognized.

On the other hand, it is not known why LAR was
hardly observed at any time of the challenge in the group

sensitized/challenged with OA alone, even though several
reports have indicated that LAR occurs at the challenge
following 1 to 3 times sensitization with antigen for a

relatively short period of time (12- 16). In contrast, it is
interesting that the LAR was elicited by repeated sen-

sitizations/challenges with OA + Al(OH)3/OA, although
serum levels of Ti and IgE were quite high in either sen-

sitization/challenge method (Groups 2 and 4). The reason
for this is also unclear so far. Johns et al. (35) have

pointed out that the late response observed in the other
reports includes some responses that occurred in the up-

per airways. We reported that the challenging antigen
mists generated with the hand-made glassware pressure
nebulizer used in the present study is fine (2.1 pm) com-

pared to those generated with other two nebulizers, the
DeVilbiss nebulizer (2.7 pm) and an ultrasonic nebulizer

(4.7 pm). Resultantly, when guinea pigs were forced to
inhale the mists, approx. 80% of the trapped mists in the

airways was found in the lung, but no more than 50% and
20%, respectively, of the other two-generated mists ar-
rived in the lung (24). These observations suggest not only

that the LAR observed in the OA + Al(OH)3/OA group
was largely reflected by responses at the lung, but also

that the present LAR was elicited with the result that the
inhaled Al(OH)3 together with antigen had activated

some immune systems.
Taken together, these results strongly suggest that the

present method of repeated sensitizations/challenges with
antigen + Al(OH)3/antigen is very beneficial for the analysis

of developing asthma, especially LAR and the evaluation
of the drugs to be used or having been used for the treat-
ment of the disease. Now, we are currently investigating

in this model the hyperresponsiveness to some chemical
mediators, the types of migrated leukocytes into the

airway, the contribution of proinflammatory cytokines,
the contribution of the upper and the lower airways

to Raw and so on.



74 T. Nabe et al

Acknowledgments

This study was supported by JAPAN FOUNDATION FOR

HEALTH SCIENCES.

REFERENCES

1 Kallos P and Kallos L: Experimental asthma in guinea pig
revisited. Int Arch Allergy Appl Immunol 73, 77- 85 (1984)

2 Adocock JJ and Garland LG: A possible role for lipoxygenase

products as regulators of airway smooth muscle reactivity. Br J
Pharmacol 69, 167-169 (1980)

3 Muccitelli RM, Tucker SS, Hay DWP, Torphy TJ and
Wasserman MA: Is the guinea pig trachea a good in vitro model
of human large and central airways? Comparison on leu-
kotriene-, methacholine-, histamine- and antigen-induced con-
tractions. J Pharmacol Exp Ther 243, 467-473 (1987)

4 Piper PJ and Samhoun MN: The mechanism of action of leu-
kotriene C4 and D4 in guinea-pig isolated perfused lung and
parenchymal strips of guinea pig, rabbit and rat. Prostaglan-
dins 21, 793-803 (1981)

5 McCaig DJ: Autonomic responses of the isolated, innervated
trachea of the guinea-pig: interaction with autonomic drugs,
histamine and 5-hydroxytryptamine. Br J Pharmacol 88,
239- 248 (1986)

6 Baumgartner RA, Wills-Karp M, Kaufman MJ, Munukata M
and Hirshman C: Serotonin induces constriction and relaxation
of the guinea pig airway. J Pharmacol Exp Ther 255, 165-173

(1990)
7 Jones RL, Peesapati V and Wilson NH: Antagonism of the

thromboxane-sensitive contractile systems of the rabbit aorta,
dog saphenous vein and guinea-pig trachea. Br J Pharmacol 76,
423- 438 (1982)

8 Eglen RM and Whiting RL: The action of prostanoid receptor
agonists and antagonists on smooth muscle and platelets. Br J
Pharmacol 94, 591-601 (1988)

9 McKenniff M, Rodger IW, Norman P and Gardiner PJ:
Characterisation of receptors mediating the contractile effects
of prostanoids in guinea-pig and human airways. Eur J
Pharmacol 153, 149-159 (1988)

10 Hay DWP: Mechanism of endothelin-induced contraction in
guinea pig trachea: comparison with rat aorta. Br J Pharma-
col 100, 383-392 (1990)

11 Ninomiya H, Uchida Y, Saotome M, Nomura A, Ohse H,
Matsumoto H, Hirata F and Hasegawa S: Endothelins constrict
guinea pig tracheas by multiple mechanisms. J Pharmacol Exp
Ther 262, 570-576 (1992)

12 Huston PA, Church MK, Clay TP, Miller P and Holgate ST:
Early and late-phase bronchoconstriction after allergen
challenge of nonanesthetized guinea pigs. I. The association of
disordered airway physiology to leukocyte infiltration. Am Rev
Respir Dis 137, 548-557 (1988)

13 Yamada N, Kadowaki S and Umezu K: Development of an
animal model of late asthmatic response in guinea pigs and
effects of anti-asthmatic drugs. Prostaglandins 43, 507 -521
(1992)

14 Matsumoto T, Ashida Y and Tsukuda R: Pharmacological
modulation of and late airway response and leukocyte infiltra-
tion in the guinea pig. J Pharmacol Exp Ther 269, 1236-1244
(1994)

15 Asano M, Inoue H, Ichinose M, Okada S and Takishima T:

Possible mechanism of airway hyperresponsiveness after late
asthmatic response in guinea pigs. Int Arch Allergy Immunol
103, 88-94 (1994)

16 Itoh K, Takahashi E, Mukaiyama O, Satoh Y and Yamaguchi
T: Relationship between airway eosinophilia and airway hyper-
responsiveness in a late asthmatic model of guinea pigs. Int
Arch Allergy Immunol 109, 86-94 (1996)

17 Everitt BJM and Moore MD: Antigen-induced late-phase ob-
struction in the guinea pig? Agents Actions 37, 158-161 (1992)

18 Hicks R and Skeldon N: The influence of adjuvants on sensiti-
zation mechanisms in the guinea-pig. Immunology 23, 757- 768

(1972)
19 Coombs RRA, Devey M and Anderson KJ: Refractoriness to

anaphylactic shock after continuous feeding of cow's milk to

guinea-pigs. Clin Exp Immunol 32, 263-271 (1978)
20 Pare PD, Michoud M-C, Boucher RC and Hogg JC: Pulmo-

nary effects of acute and chronic antigen exposure of immunized

guinea pigs. J Appl Physiol 46, 346-353 (1979)
21 Blanchard GC, Pathak SK, Gardner RE and Berman LD: Sup-

pression of anaphylactic reactions in guinea pigs by previous
treatment with ragweed aerosol. Int Arch Allergy Appl Im-
munol 63, 250-257 (1980)

22 Hedman SE and Andersson RGG: Decreased Schultz-Dale
reaction in airways from sensitized guinea pigs treated with
threshold concentrations of egg albumin in vivo. Acta Pharma-
col Toxicol 50, 35-40 (1982)

23 Andrew DK, Schellenberg RR, Hogg JC, Hanna CJ and Pare
PD: Physiological and immunological effects of chronic antigen
exposure in immunized guinea pigs. Int Arch Allergy Appl
Immunol 75, 208-213 (1984)

24 Nabe T, Shinoda N, Yamashita K, Yamada M, Yamamura H

and Kohno S: Comparative studies on nebulizers for antigen
inhalation in experimental asthma. Allergolol Int (in press)

25 Levine BB, Chang H Jr and Vaz NM: The production of hap-
ten-specific reaginic antibodies in the guinea pig. J Immunol
106, 29-33 (1971)

26 Pennock BE, Cox CP, Rogers RM, Cain WA and Wells JH: A
noninvasive technique for measurement of changes in specific
airway resistance. J Appl Physiol 46, 399-406 (1979)

27 Ovary Z, Benacerraf B and Bloch KJ: Properties of guinea pig
7S antibodies. II. Identification of antibodies involved in pas-
sive cutaneous and systemic anaphylaxis. J Exp Med 117,
951-964 (1963)

28 Yamamura Y, Yagura T and Miyake T: Experimental allergic
asthma in guinea pig. In Proceeding of VIII International
Congress of Allergology, Tokyo, Edited by Yamamura Y,

pp 509-515, Excerpta Medica, Amsterdam (1973)
29 Fleisch JH, Calkins PJ and Hooker CS: Reduction in antigen-

induced release of histamine and slow reacting substance of
anaphylaxis from guinea pig lung with increasing age. Biochem
Pharmacol 27, 2119-2122 (1978)

30 Brocklehurst WE: The release of histamine and formation of
a slow-reacting substance (SRS-A) during anaphylactic shock.
J Physiol (Lond) 151, 416-435 (1960)

31 Watanabe-Kohno S, Yasui K, Nabe T, Yamamura H, Horiba
M and Ohata K: Significant role of peptide leukotrienes (p-LTs)
in the antigen-induced contractions of human and guinea pig
lung parenchymas and bronchi or tracheas in vitro. Jpn J
Pharmacol 60, 209-216 (1992)

32 Okada S, Inoue H, Asano M, lijima H and Takishima T:



Reproducible Asthma in Guinea Pigs 75

Adjuvant effect of interleukin-1 on the development of late
asthmatic response in guinea pigs. Int Arch Allergy Immunol
100, 164-169 (1993)

33 Grey I, Davies P, Derr J, Krett N and Barranger JA: Relation-
ship between production and release of lymphocyte-activating
factor (interleukin 1) by murine macrophages. I. Effects of
various agents. Cell Immunol 64, 293-303 (1981)

34 Terashi Y, Yukawa T, Fukuda T and Makino S: Late phase

response in the guinea pig airway caliber following inhaled an-
tigen exposure. I. Comparative study of passively and actively
sensitized models. Jpn J Allergol 37, 980-991 (1988)(Abstr in
English)

35 Johns K, Sorkness R, Graziano F, Castleman W and Lemanske
RF Jr: Contribution of upper airways to antigen-induced late
airway obstructive responses in guinea pigs. Am Rev Respir Dis
142, 138-142 (1990)


