© Birkhauser Verlag, Basel, 1998

Inflamm. res. 47 (1998) 369-374 I "
1023-3830/98/090369-06 $ 1.50+0.20/0 Inflammation Research

Development of pollen-induced allergic rhinitis with early and late
phase nasal blockage in guinea pigs

T. Nabe!, N. Mizutani?, K. Shimizu®, H. Takenaka® and S. Kohnd'

IDepartment of Pharmacology, Kyoto Pharmaceutical University, 5 Nakauchi, Misasagi, Yamashina, Kyoto 607-8414, Japan, Fax +81 75 595 4764,
e-mail: nabe@mb.kyoto-phu.ac.jp
’Department of Otorhinolaryngology, Osaka Medical College, 2-7 Daigaku-cho, Takatsuki, Osaka 569-8686, Japan

Received 1 February 1998; returned for revision 26 April 1998; accepted by M. Katori 27 June 1998

Abstract. Objective and DesignDevelopment of nasal of the disease are sneezing, rhinorrhea and nasal congestion
blockage and sneezing during repeated inhalation challengg$]. The antigen provocation test indicated that over 90% of
with Japanese cedar pollens was evaluated in guinea pigspatients showed these symptoms immediately and that
SubjectsMale Hartley guinea pigs. approx. 50% of them also developed a late phase reaction
Treatment: Guinea pigs were sensitized by intranasalwith the predominant symptom of nasal blockage, which
instillation of cedar pollen extracts Al(OH); 2 times a resulted mainly from sustained nasal congestion [2, 3].

day for 7 days. The animal was then forced to inhale the It has been reported that sneezing and rhinorrhea in
pollens for challenge, which was restrictively trapped in theallergic rhinitis could be substantially inhibited by treating
upper airways, once a week. patients with anti-histaminic drugs, because these symptoms
Methods: Change of specific airway resistance (sRaw),are triggered via the stimulation of the nasal terminals of the
sheezing frequency, and titers of anaphylactic antibodies itrigeminus nerve mainly by histamine [4,5]. On the other
the serum were measured after each of the 30 challenges.hand allergic nasal blockage, another symptom, is relatively
Results:At the first challenge, no obvious increase in sRawserious because only glucocorticoids [6, 7] ardtimulants
was observed. However, the second and third challenges {8,9] are effective against it. The cells and mediators
the animals caused modest biphasic elevations of sRaw, witinvolved and the detailed sequence of events leading to the
peaks at the first and the fourth to sixth hour. At the fourth toonset of nasal congestion are not yet fully elucidated. To
tenth challenges, marked elevations of sRaw were observethvestigate allergic rhinitis including nasal blockage using
However, with repetition of the inhalation challenge, the experimental animals, models that closely resemble the
early and the late responses became almost indistinguishaltdeman case are indispensable.

because of partial overlapping as the responses expanded. Recently we reported a guinea pig, allergic rhinitis model
All guinea pigs sneezed immediately after each pollendeveloped by repetitive inhalation challenges with Japanese
inhalation challenge. Apparent increases of both circulatingedar pollens as the antigen [10]. Distinguishing features of
v1 and IgE antibodies were seen after the seventh challengthe model are: (1) Antigen challenge by repeated quantita-
Conclusions:These results indicate that the experimentaltive inhalation with cedar pollens, (2) ability to induce
allergic rhinitis established in the present study can be allergy restricted to the upper airway and (3) use of nasal
valuable model for analyzing the pathogenesis of the diseadavage without sacrificing the animals. Thus, our model is

and developing new therapeutic drugs. very useful for long-term investigation of the pathogenesis of
allergic rhinitis in the same guinea pig.

Key words: Allergic rhinitis — Nasal blockage — Sneeze —  In the present study, we investigated the development of

Pollen — Airway resistance nasal blockage and sneezing induced by repetitive pollen

inhalation challenges to guinea pigs that had been sensitized
by repeated instillation of the pollen extragAl(OH)z into
their nostrils.

Introduction

People suffering from allergic rhinitis have IgE antibodies Materials and methods
against specific allergens including the pollens of trees,
grasses or weeds in their sera, and characteristic symptorAgiimals

_ Male 3-week-old Hartley guinea pigs weighing 250-300g were
Correspondence tof. Nabe purchased from Japan SLC (Hamamatsu, Japan). The animals were



370 T. Nabe et al.  Inflamm. res.

housed in an air-conditioned room at a temperature of 23C and  60% was inhaled with little variation. The rest of the pollen adhered to
60+ 10% humidity with lights on from 8:00 a.m.—8:00 p.m.; they were the inside wall of the apparatus. Almost all the inhaled pollens were
fed a standard laboratory diet and given water ad libitum. The firsttrapped in the upper airways; less than 0.001% was found in the lower

sensitization was started 2 weeks after breeding. airways [10].
This animal study was approved by the Experimental Animal For the negative controls, groups were prepared that were non-
Research Committee at Kyoto Pharmaceutical University. sensitized — non-challenged or non-sensitized — challenged with the
pollen.
Materials

Measurement of pulmonary function
Japanese cedar pollens were donated from the laboratory of Torii
Pharm. Co., Ltd., Chiba, Japan. Evans’ blue was purchased from MercAs indicators of respiratory function, the specific airway resistance
(Darmstadt, Germany). Ovalbumin (OA) was from Wako Pure Chem.(sRaw) and the respiratory rate in 1 min (RR) were measured 1 h before
(Osaka, Japan). The other reagents used were the highest grade asfd 10min—10h after the antigen challenge by inhalation in the

commercial products available. conscious guinea pigs, using a two-chambered, double-flow plethys-
Al(OH)3 gels were prepared with 0.5 N NaOH and 0.5 N(8IOy)3 mograph system according to the method of Pennock et al. [14]. Briefly,
as previously described [11]. the animal was placed with its neck extending through the partition of a

Anti-OA guinea pig serum was obtained by the method of Levine ettwo chambered box, and sRaw and RR measured with the Data analyzer
al. [12]. In brief, guinea pigs were sensitized by i.p. injection o0  Pulmos-I (MIPS, Osaka, Japan) and a PC 9801 FA computer (NEC,
OA/mg Al(OH)s/animal, once every 2 weeks, for a total of 10 Tokyo, Japan) after detection of the airflow by sensors equipped to both
injections. Both the 4h and 7 day homologous passive cutaneouthe front and rear chambers.
anaphylaxis (PCA) titers of the serum were 1:500. This serum served
as the standard for quantification i and IgE antibody levels in

sensitized guinea pig sera by PCA, and was stored&®°C until use. Counting of sneezing frequency

. Sneezing frequencies in the intervals 0—10 min, 10min—1h and 1-2h
Preparation of Japanese cedar pollen extracts after the pollen inhalation challenge were counted.

The cedar pollen extracts used for the sensitization were prepared
according to the previously described method [10]: The pollens wergs
suspended in physiological saline at a concentration of 100 mg/ml and
allowed to stand at4C for 18 h with mild stirring. After centrifugation at . " . . .
1,700x g for 15min at £C, the resultant supernatant was used as thel © estimate _specm_e,l af‘d IgE antibody titers of the serum in the
sensitization antigen and stored aB0°C until use. The protein senS|t|;ed guinea pig, which had been repeatedly challenged/boosted by
concentration in the solution was quantified according to the method of©!l€n inhalation, 4-h and 7-day PCAs were performed according to the

Bensadoun and Weinstein [13]; it was estimated to bq&pprotein/ml.  method of Ovary [15] and Levine et al. [12], respectively. The serum for
[13] the PCAs was obtained 1 day before the respective inhalations. The

cedar pollen extracts described above were used as a challenging
antigen after dialysis at a dose of R protein/ml/animal.

assive cutaneous anaphylaxis (PCA)

Sensitization and challenge

As shown in Chart 1, guinea pigs were sensitized by intranasal (i.n
instillation of cedar pollen extracts adsorbed onto Al(@Idel at a
concentration of 0.g.g protein/0.3 mg Al(OHY3 wl/nostril 2 times a - . .
day for 7 days. Prior to each sensitization, the upper airway mucosftat'snca‘I analyse_s_ were _performed by one-way a"‘?"Y?'? of variance
surface was anaesthetized by 2min inhalation with 4% lidocaind ANOVA). Ifasignificant difference was detected, the individual group
hydrochloride solution (Fujisawa Pharm. Co., Osaka, Japan) mistdlifference was determined by Bonferroni’s multiple test. A probability
generated with an ultrasonic nebulizer (NE-U12, Omron, OsakaYalue (p) of less than 0.05 was considered to be statistically significant.

Japan), to prevent the rapid elimination of antigen by ciliary movement.

The sensitized animal was then intranasally challenged once every

week by inhalation of cedar pollen using a hand-made inhalationResults

apparatus [10], which allowed quantitative inhalation of pollen. The

apparatus, in_to which 3mg _of the p(_)llen was poure(_j, was posi'tioned “Time-course changes of sRaw

the left nostril of the conscious guinea pig for 1 min so that it could

inhale the pollen by spontaneous breathing. Thereafter, the pollen Waﬁ. . .

also inserted into the right nostril. During inhalation, the other Figure 1 shows the time-course changes in sRaw of the
nostrii was plugged with a finger. When 3mg of the pollen Sensitized guinea pigs at challenges 1-3 (A); 4, 7 and 10 (B),
(1.07x 10° pollens/mg) was applied to the respective nostrils, approx.and 13, 20 and 30 (C), induced by pollen inhalation.

Btatistical analyses

0 1 2 3 4 5 6 7 8 30 31 week

L | 1 1 | 1 | ] | |1 | 1
T L ) (Timeof
ﬁfﬁft (1) (2) (3) 4) (5) (6) () (29) (30) inhalation)

Sensitization with Challenge/sensitization with cedar pollens (approx. 3.6 mg/animal/time)

cedar pollen extracts
[0.6 ug protein/0.6 mg Al(OH)4/
animal, intranasal instillation]

Chart 1. Schedule for sensitization with the cedar pollen extracts and subsequent nasal challenge/sensitization by inhalation of the cedar pollens in
the guinea pig.
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At the first challenge, no obvious changes were observedbvious time course changes in sRaw were observed at any
in the sensitized guinea pigs. The second and thirdime. In addition, when non-sensitized guinea pigs were
provocations caused modest but significant biphasic elevaexposed to the pollen at the time corresponding to the first,
tions of sRaw, with peaks at 1h and 4 to 6h after thefourth and twentieth challenges, no alterations of sRaw were
provocation (Fig. 1A). At the fourth challenge, these earlyseen throughout the measurement time (Figs. 1A, B and C).
and late sRaw elevations were greater than at the earlier
challenges. A further increase in peak value of the early
phase at the seventh challenge masked the biphasic resporidme-course changes in RR
(Fig. 1B). Although almost the same degree of biphasic
response to that of the fourth challenge was observed at tHéigure 2 shows time-course changes in RR at the fourth
tenth provocation (Fig. 1B), at the thirteenth to thirtieth challenge in the sensitized guinea pigs compared with those
challenges both the responses gradually diminished, and thed the non-sensitized — non-challenged and the non-
early and late responses became indistinguishable (Fig. 1C3ensitized — challenged groups.

In the non-sensitized — non-challenged group, no The RR of the sensitized guinea pig before the fourth
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Fig. 1. Time-course changes in specific airway resistance (sRaw) by the 1st, 2nd and 3rd (A), 4th, 7th and 10th (B), and 13th, 20th and 30th (C)
inhalations of Japanese cedar pollen in sensitized guinea pigs. Each point represents theSiEkeof 11 or 12 animals ) non-sensitized — non-
challenged, @) non-sensitized — challenged) sensitized — challenged. Significantly different from the non-sensitized — non-challenged group
(*p<0.05, **p<0.01) or from the non-sensitized — challenged group (1p<0.05, tTp<0.01).
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pollen inhalation was approx. 100 times in 1 min, which wasy1 and IgE antibody levels in the serum during sensitization/
almost the same as those of the negative control groups. Thahallenge
pollen inhalation challenge produced an obvious and
prolonged decrease in the indicator of pulmonary functionThe levels ofyl and IgE antibody in the serum obtained one
10 min—6 h after the inhalation, which was almost recoverediay before the repetitive inhalation challenges with the cedar
at the eighth and the tentth. In the non-sensitized groups, npollen in the sensitized guinea pigs were quantitated by
significant changes were observed at any time during theneasuring the titers PCA at 4h and 7 day, respectively.
experiment. These results are shown in Figure 4.
There were no PCA-positive animals at the first
challenging inhalation. Only 1 and 3 out of 12 animals
Time-course changes in sneezing frequency were positive for 4 h and 7 day PCA, respectively, even at the
fourth challenge. However, increased numbers of both PCA-
Figure 3 shows time-course changes in sneezing frequengositives and elevated levels of both antibodies as a whole
during the first to thirtieth cedar pollen inhalations in the were observed at the seventh and the thirteenth challenges.
sensitized guinea pigs. At the later challenges (13—30), all animals were positive for

At the first to thirteenth challenges, the animal exhibitedboth PCA. The levels of1 and IgE antibodies appear to
the highest sneezing frequency within 10 min of eachremain unchanged, at least until the thirtieth provocation.
challenge, followed by a decreasing frequency or absence
of sneezing at 10 min to 2 h after the challenge. After the 2nd
h, little or no sneezing was observed at any challenge time
(data not shown). At the first to seventh challenges, the total 45 12-
number of sneezes increased with increasing challenge 44 1st 10k 10th
number. On the other hand, the peaks of the frequency at the
twentieth and thirtieth challenges shifted to the period
between 10 min and 1 h after the challenge.

When the non-sensitized guinea pigs were forced to
inhale the pollen at the time corresponding to the first, fourth
and twentieth challenges, the total number of sneezes was
approximately one quarter (first and fourth) or less
(twentieth) that of the sensitized ones.
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Fig. 2. Time-course of changes in respiratory rate in 1 min (RR) by the
4th inhalation of Japanese cedar pollen in sensitized guinea pigs. Each

point represents the meanSEM of 12 animals.®) Non-sensitized —  Fig. 3. Time-course changes in sneezing frequency by the 1st, 2nd, 3rd,
non-challenged, ) non-sensitized — challenged) sensitized —  4th, 7th, 10th, 13th, 20th and 30th inhalations of Japanese cedar pollen
challenged. Significantly different from the non-sensitized — non-in sensitized guinea pigs. Each column represents the m&EM of
challenged group (*p<0.05, **p<0.01) or from the non-sensitized — 11 or 12 animals.[(J) Non-sensitized — challenged) sensitized —
challenged group (tp<0.05, T1p<0.01). challenged. NDB= not done.

Time after pollen inhalation
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Fig. 4. Four-h and 7-day homologous passive cutaneous anaphylaxis (PCA) titers of the sera from sensitized guinea pigs. Sera were drawn on the day
before the respective challenges.

Discussion challenges were less distinguishable than those at the second
and third challenges, because their peaks were closer to each
We previously reported that when guinea pigs wereother due to the peak of the early response being delayed.
sensitized by i.p. injection the cedar pollen extraets The time at which the late phase nasal blockage occurred is
Al(OH)3 gels and then challenged with the pollen repeti-similar to that observed in patients with allergic rhinitis
tively, elevations ofy1 and IgE antibody levels were seen following nasal allergen application [2]. In recent experi-
and examination of the nasal cavity lavages indicated thaments in our laboratory, an antagonist against cysteinyl
there was immediate leakage of albumin and sustainetbukotrienes (CysLTs), pranlukast, effectively suppressed
eosinophil influx into the fluid [10]. In the present study, the late phase response while the early response at the fourth
nasal blockage and sneezing, the main symptoms of patienthallenge was barely influenced by the drug, strongly
with allergic rhinitis, were evaluated when intranasally suggesting that the early and the late responses are induced
sensitized guinea pigs were forced to inhale the pollen oy different mechanisms (unpublished data). In addition, an
several occasions over along term period. As areglland  Hi-receptor antagonist, mepyramine, did not inhibit either
IgE levels in sera from the sensitized guinea pigs increased ithe early nor the late phase of the nasal blockage in the
a relatively gradual manner, unlike the i.p. sensitized guineg@resent model (unpublished data). The ineffectiveness of the
pigs of the previous experiment [10], followed by main- H,-receptor antagonist on the nasal blockage closely
tenance of high levels of these antibodies at the thirteenth tparallels the clinical results [1, 4, 5].
thirtieth challenges. Sneezes were observed immediately To date, investigations of nasal blockage have focused on
after each challenge to the sensitized guinea pigs. On ththe immediate response occurring within 30 min of a single
other hand, increases in sRaw, which is taken as an index afntigen challenge using guinea pigs sensitized passively or
the nasal blockage, was barely noticeable at the firsby two exposures to antigen mists [16—18]. These reports do
challenge. Weak but distinguishable biphasic increases afot describe whether the late phase is also induced in their
sRaw were observed at the second and third challenges. Atodels. In the present study, not only the early but also the
the fourth to tenth challenges, peak values of the early anthte phase nasal blockage could be detected at the fourth and
late phases of sRaw were elevated. At the thirteenth teubsequent challenges. However, one day before the fourth
thirtieth challenges, the level of response diminished as thehallenge, most of the sensitized guinea pigs had no
pollen inhalation challenge was repeated. As shown in theletectable levels of the anaphylactic antibodies in their
fourth challenge experiment, the time-course changes dera. These results strongly suggest that the local immune
sRaw correlated well with those of RR. system is largely responsible for the occurrence of the dual
Elevations of sRaw after pollen inhalation in the response. Furthermore, although the sensitized guinea pigs
sensitized guinea pigs appeared to reflect some responsesintained high levels of anaphylactic antibodies in their
taking place in the upper airway, but not in the lower airway,sera at the thirteenth to thirtieth challenges, both early and
since we have previously demonstrated that our inhalatiofate responses gradually diminished with repeated challenges
procedure deposits 99.999% of the pollen in the uppeindicating that the decrease of these responses is not directly
airway [10]. The present elevations of sRaw (nasal blockagedelated to antibody levels in the sera.
may be mainly due to the complication in mucosal The good correlation between elevations of sRaw and
congestion and increases in mucosal vascular permeabilityecreases of RR was almost always observed not only at the
followed by mucosal edema, which are elicited byfourth challenge but at other times as well. Increase in
(chemical) mediators released or produced from variousespiratory volume at one time (tidal volume) was also seen
cells such as mast cells and other leukocytes [1]. when RR was reduced, indicating that guinea pigs breathe
The two phases of sRaw increase at the fourth—tentldeeply and slowly while the nasal allergic reaction occurs.
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As generally recognized, in the asthmatic model of guinea  early, late and rechallenge reaction to nasal challenge with
pigs shallow and fast respiration emerged when the early antigen: Observa;ions on the role pf i.nflammatory mediators and
asthmatic response was observed, and no obvious changes, cells. J Allergy Clin Immunol 1990;86:851-61.

- Simons FER. H-receptor antagonists: Clinical pharmocology and
from the normal levels of RR were seen at the time of the late therapeutics. J Allergy Clin Immunol 1989:84:845—61.

asthmatic responses (unpublished data). This further emphays) pouglas ww. Histamine and 5-hydroxytryptamine (serotonin)
sizes that the mechanisms of ventilatory obstruction follow- =~ and their antagonists. In: Gilman AG, Goodman LS, Rall TW,
ing nasal allergy are quite different from those of allergic Murad F, editors. Goodman and Gilman’s The Pharmacological
asthma. Basis of Therapeutics. 7th ed. New York: Macmillan, 1985:605—
On the other hand, the immediate appearance of sneezes_ 38: .
after the pollen inhalation challenge in our model was o ?hail::ie}i;/v\}itr? e;enrg\?vn g(’m_Ehnéﬂgye%atzze tge;?eggrggoﬁ’erzgﬂg
consistent with results from al!ergic rhinitis pgtients [19, 20]. steroid, budenoside. Acta Oto%ryngol ’198'02;94’:169_73. P '
As has been suggested by clinical observations [4], sneezes7] Pipkorn U, Proud D, Lichtenstein LM, Schleimer RP, Peters SP,
occurring after the pollen inhalation challenge in the Adkinson NF Jr, et al. Effect of short-term systemic glucocorti-
sensitized group were induced in response to histamine, coid treatment on human nasal mediator release after antigen
which is probably released from nasal mucosal mast cells __challenge. J Clin Invest 1987:80:957-61.
after the antigen-antibody reaction: this released histaminel8] Andersson KE, Bende M. Adrenoceptors in the control of human
- . nasal mucosal blood flow. Ann Otol Rhinol Laryngol
then stimulates sensory nerve endings followed by the 1984:93:179-82.
sneeze reflex via the sneeze center. The sneezes observes| pende M, Loth S. Vascular effects of topical oxymetazoline on
were considerably inhibited by mepyramine (unpublished  human nasal mucosa. J Laryngol Otol 1986;100:285-8.
data) and increased amounts of histamine in nasal cavit{i0] Nabe T, Shimizu K, Mizutani N, Saeki Y, Yamamura H, Takenaka
lavage fluid were seen immediately after the pollen H, etal. Anew model of experimental allergic rhinitis using Japanese
inhalation challenge in the present model [10]. Therefore, . cedar pollen in guinea pigs. Jpn J Pharmacol 1997.75:243-51.

. . L . - [11] Nabe T, Shinoda N, Yamashita K, Yamada M, Yamamura H,
unlike nasal blockage but as with clinical observations, th's[ Kohno S. Comparative studies on nebulizers for antigen inhala-

model strongly suggests that sneezes are at least partly on in experimental asthma. Allergol Int 1997;46:261—7.

caused by histamine released. However, it appears thai2] Levine BB, Chang Jr H, Vaz NM. The production of hapten-

stimulatory activities of the pollen itself participate in the specific reaginic antibodies in the guinea pig. J Immunol

reflex because pollen provocation of non-sensitized guinea 1971;106:29-33. o

pigs also elicited sneezes. [13] B(:n?aQOun A,t We||nsf|nl%_Asr]say clag%o%r;:&tt})eopresence of
. . . Interrering materials. Anal biochem WAOK —ao0.

In conclusion, we have established an experimenta}, , PennockgBE, Cox CP, Rogers RM, Cain WA, Wells JH. A
allergic rh'r,"t's model using cedar 'poIIer_l as an antigen, noninvasive technigue for measurement of changes in specific
demonstrating the development of biphasic nasal blockages airway resistance. J Appl Physiol 1979:46:399—406.
by repeated pollen inhalation challenges, immediate sneeZi5] Ovary Z. Passive cutaneous anaphylaxis. In: Ackroyd JD, editor.
ing at the challenge and an increase in specific anaphylactic Immunological Methods. 1st ed. Oxford: Blackwell, 1964:259-83.
antibodies in the sera. These events are similar to clinicall6] Mizuno H, Kawamura Y, Iwase N, Ohno H. Effects of flutropium
situations, indicating that the model is suitable for analyzing ~ °". €xperimental models of drug- and allergy-induced rhinitis in

- . L guinea pigs. Jpn J Pharmacol 1991;55:321-8.
the pathogenesis of allergic rhinitis and the development 0f;7] yamasaki M, Matsumoto T, Fukuda S, Nakayama T, Nagaya H,

new types of therapeutic drugs. Ashida Y. Involvement of thromboxane »Aand histamine in
experimental allergic rhinitis of guinea pigs. J Pharmacol Exp
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