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Changes in airway responsiveness and (3- and
a-1-adrenergic receptors in the lungs of guinea pigs
with experimental asthma
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The effects of inhaled allergen on airway responsiveness and on P- and a-1-adrenergic
receptors on lung membrane were investigated in guinea pigs. After measuring the
respiratory threshold to histamine (RT-HIS), one group of guinea pigs passively sen-
sitized for ovalbumin was challenged by allergen inhalation (challenged group). Mea-
surement of the RT-HIS 24 h following challenge revealed a significant decrease from
687 ug/ml (mean, n = 16) to 407 ng/ml {P < 0.05). In addition the RT-HIS 24 h after
challenge was also significantly lower in the challenged group than in controls {n = 9, P
< 0.05). The density of P-adrenergic receptors on the lung membrane of the challenged
group was 594 ± 32 (mean ± SE) fmol/mg protein (n = 11) compared with 712 ± 24
fmol/mg protein (n = 9) in the controls, a statistically significant difference (P < 0.05).
A significant correlation was found between the RT-HIS and density of P-adrenergic
receptors. From these results, we concluded that the exaggerated airway responsiveness
24 h after allergen challenge is in part due to a decrease in the density of P-adrenergic
receptors. There was no difference in the density of a-1-adrenergic receptors nor a
significant correlation between the RT-HIS and the number of a-1-adrenergic receptors
in the challenged vs. the control groups.

Key words: airway responsiveness; asthma; alpha-1-adrenergic receptor; beta-adrenergic
receptor; guinea pig.
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Patients with bronchial asthma character-
istically have a high incidence of atopic
diatheses (25). The beta-adrenergic blockade
theory (26) has been proposed as one of the
pathogenetic mechanisms for their airway
hyperresponsiveness. Recently, several reports
have linked atopic diatheses to [i-adrenergic
blockade. Mita et al. (19) reported that the
sensitization of guinea pigs by exposure to
ovalbumin (OA) aerosol led to a decrease in
p-adrenergic receptors with an increase in
pulmonary a-1-adrenergic receptors, Barnes et
aJ. observed an increase in pulmonary a-adre-
nergic receptors and a reduction in P-adre-
nergic receptors in guinea pig lungs exposed
to OA daily for 4 weeks after sensitization

(1). The allergen-induced late asthmatic
response (LAR) has reportedly been associ-
ated with an increased airway responsiveness
to histamine for up to 74 days (3). A
decreased number of (3-adrenergic receptors
and reduced adenylate cyclase activity in
lymphocytes have been demonstrated 24 h
after the allergen-induced asthmatic response
(17).

Based on these reports, we conducted the
following experiments in guinea pigs,
hypothesizing that the airway hyperrespon-
siveness obtained after a respiratory anaph-
ylactic reaction may be in part due to
changes in the density of P- and a-1-adre-
nergic receptors in the lung.
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Fig. 1. Diagram illustrating the experimental apparatus for recording pressure changes in the chamber housing guinea
pigs. A guinea pig was placed in the chamber. Aerosols were generated by a DeVilbiss #646 nebulizer operated by a
compressor (Pulmo-Aide, DeVilbiss Co.). During inhalation, stopcocks on the air outlet and inlet were open and the
stopcock to the pressure transducer closed. After inhalation, changes of pressure in the chamber were recorded with the
stopcock leading to the pressure transducer open and the others closed.

MATERIAL AND METHODS

Animals and sera used for passive immunization

Hartley male guinea pigs weighing approx-
imately 500 g were studied. Sera for passive
immunization were collected from actively sen-
sitized guinea pigs. Active sensitization was
done by injecting intraperitoneally 1 .̂g OA
(Sigma Chemical Co., USA) with 5 mg
alumina gel suspended in 0.5 ml physiologic
saline. Injections were repeated three times
monthly, and 1 week after the third injection
the passive cutaneous anaphylaxis (PCA) titer
was determined. Sera were collected from
guinea pigs with a 48-h PCA titer of more than
1:160.

Experimental protocol

Guinea pigs were passively sensitized to OA by
injecting 1 ml of serum obtained as described
above. Forty-eight hours after the injection, the
histamine inhalation test was conducted to
determine the respiratory threshold to hista-
mine (RT-HIS). Two hours after the histamine
inhalation test, allergic bronchoconstriction was
provoked in one group of guinea pigs (chal-
lenged group, n = 16) by the inhalation of an

aerosol of OA solution (day 1). Twenty-four
hours after the allergen challenge, the histamine
inhalation test was repeated. Lungs were
removed from the animals 2 h after the second
histamine inhalation test for measurement of |3-
and a-1-adrenergic receptors (day 2). Control
guinea pigs (n = 9) were treated identically
except for the inhalation of OA.

Procedure for inhalation test

A diagram of the equipment used in the inhala-
tion test is shown in Fig. 1. A guinea pig was
placed in a cylindrical plastic chamber and the
lid was closed. Aerosol were generated by a
DeVilbiss #646 nebulizer (DeVilbiss Co.,
U.S.A.) operated by Pulmo-Aide (DeVilbiss
Co.). Pressure changes in the chamber were
converted to a electric signal by a pressure
transducer (Validyne Engineering Corp., USA)
and recorded on a polycorder (Sanei Sokki Co.,
Japan), the record being used for the deter-
mination of RT-HIS. An aerosol of physiologic
saline was first administered, followed by an
aerosol of histamine dihydrochloride in saline
(Sigma Chemical Co.) given at a dose doubled
progressively from 39 to 5,000 \ig/m.\. After
inhalation of histamine for 1 min pressure
changes in the chamber were recorded for 1
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Eig. 2. Pressure changes in the chamber before and after
inhalation of 5 mg/ml of OA solution. See text for details of
the method of administration.

min. If no apparent change in flow pattern was
observed at the dose administered, twice the
concentration of histamine was administered
until there was an apparent change in flow
pattern, such as an increase in amplitude and
prolongation of expiratory phase. We took this
concentration as the RT-HIS, considering the
report by Yamauchi et al. (28) that apparent
flow pattern changes indicate about a three-fold
increase of respiratory resistance compared with
baseline.

An aerosol of 5 mg/ml OA in saline was
administered until we obtained a marked pro-
longation of the expiratory phase such as that
shown in Eig. 2. The duration of administration
was 1 to 2 min.

Lung membrane preparations

Adrenergic receptor assay was done for all con-
trol guinea pigs {n = 9). Assay was done for 11
of the 16 challenged guinea pigs with lungs of
five animals used for other experiments.

Lungs were removed and the large vessels
and bronchi trimmed. Lungs were chopped and
then homogenized in 10 volumes of ice-cold
buffer-A (250 mM sucrose, 1 mM MgCl2, 5
mM Tris, HCl, pH 7.4) using Disperse Mixer
DS-2 (Mitamura Riken Kogyo Co., Japan) for
30 s in ice. The homogenate was centrifuged at
2,000 X g, 4°C for 10 min, then the superna-

tant was centrifuged at 39,000 x g, 4°C for 15
min. The pellet was resuspended in buffer-B
(10 mM MgCl2, 50 mM Tris, HCl, pH 7.4),
centrifuged at 39,000 x g, 4°C for 15 min.
After washing three times with buffer-B, the
final pellet was resuspended in buffer-B or buff-
er-C (0.154 M NaCl, 10 mM Tris, HCl, pH
7.4) for measurement of 3- and a-1-adrenergic
receptors, respectively, in a concentration of 2
mg protein/ml, and kept at -70°C. The mem-
brane suspensions were used for receptor assay
after dilution to an appropriate concentration
by buffer-B or buffer-C.

Measurement of fi-adrenergic receptors

The density of P-adrenergic receptors on lung
membrane was determined by using a radio-
labeled p-antagonist (-)'2''I-cyanopindolol
(ICYP, Amersham, UK). The reaction mixture
consisted of 400 |j,l, i.e. 200 \i\ of lung mem-
brane suspension containing 12-15 \ig protein,
100 |il of ICYP solution with concentrations
serially doubled from 80 to 1280 pM in buff-
er-B, and 100 v,\ of buffer-B or 4 x lO"*̂  M
propranolol hydrochloride (Sigma Chemical
Co.) in buffer-B. The reaction was carried out
at room temperature (approximately 25°C) for
1 h and was terminated by adding 3 ml of ice-
cold buffer-B followed by rapid vacuum filtra-
tion through GE/C glassfiber filter (Whatman,
UK). After washing with 10 ml oi ice-cold
buffer-B, the radioactivity remaining on the
filter was counted using the Auto Well Gamma
System ARC-351 (Aloka, Japan). Non-specific
binding was determined by incubation in the
presence of propranolol (final concentration, 1
nM). Results were analysed by the method of
Scatchard (24),

Measurement of a-1-adrenergic receptors

The density of a-1-adrenergic receptors on lung
membrane was measured by using the radio-
labeled a-1-antagonist, '25I.BE2254 (IBE-2254,
'2^1-2-[-beta-(4-hydroxyphenyI)-ethyl-amino-
ethyl]-tetralone. New England Nuclear, USA)
(5). The reaction mixture consisted of 400 nl
lung membrane suspension containing approx-
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imately 40 ^g protein, 100 îl IBE-2254 solution
with the concentration doubled serially from
100 to 1600 pM in buffer-C, and 100 ^l
buffer-C or 4 x 10"̂  M phenotolamine mesyl-
ate (courtesy of Japan Ciba-Geigy Co.) in
buffer-C. The reaction was processed at room
temperature for 15 min. Bound and free ligands
were separated by adding 3 ml of ice-cold
buffer-C followed by rapid filtration through
GE/C fiberglass filter. After washing with an
additional 10 ml of buffer-C, the radioactivity
on the filter was counted. Non-specific binding
was determined by incubation in the presence
of phentolamine (final concentration, 10 nM).

In the process of checking the inhibition of
binding of IBE-2254 to lung membrane by vari-
ous a-antagonists, a lung membrane suspension
containing 160 \ig protein and 200 pM of IBE-
2254 (as a final concentration) was used. Prazo-
sin hydrochloride was provided as a courtesy of
Taito-Pfeizer Co. Japan, and yohimbine hydro-
chloride was from Sigma Chemical Co.

All receptor assays were carried out in tripli-
cate.

Analysis

Data were analysed by paired or unpaired
t-tests. Differences were considered statistically
significant when the confidence level exceeded
95%.

RESULTS

Change in airway responsiveness after OA challenge

Eig. 3 shows the RT-HIS before (day 1) and 24
h after (day 2) inhalation of OA aerosol solu-
tion. Eollowing OA challenge, the geometric
mean RT-HIS decreased from 687 ^g/ml to 407
Ug/ml, a statistically significant difference {P <
0.05). Eight of 16 guinea pigs showed a
decrease of RT-HIS by 2 ranks; however, no
difference was seen in the magnitude of aller-
gen-induced bronchoconstriction between the
guinea pigs having a decrease in RT-HIS and
the same RT-HIS after OA challenge. The
mean RT-HIS V2ilues in the control group on
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Fig. 3. Changes in the respiratory threshold to histamine
before and 24 h after OA inhalation, p- and a-1-Adrenergic
receptors on lung membrane were measured in the guinea
pigs indicated by closed circles.

day 1 and day 2 were 589 |i.g/ml and 676 |ig/ml,
respectively, and did not differ significantly.
While no difference was found in RT-HIS
between the challenged and the control group
on day 1, a statistically significant difference
was observed on day 2 (P < 0.05).

Density of P-adrenergic receptors

Eig. 4 shows the densities of P-adrenergic recep-
tors on guinea pig lung membrane on day 2.
The densities of P-adrenergic receptors in the
challenged and control groups were 594 ± 32
(mean ± SEM) fmol/mg protein {n = 11) and
712 ± 24 fmol/mg protein {rt = 9), respectively.
The difference was statistically significant (JP <
0.05).

Relationship between density of P-adrenergic receptors
and RT-HIS

The density of p-adrenergic receptors on lung
membrane and the RT-HIS on day 2 were
found to be significantly correlated (r = 0.42, P
< 0.05) (Eig. 5). When this relationship was
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Fig. 4. P-Adrenergic receptor densities on guinea pig lung
membrane in each group on day 2. Guinea pig lung par-
ticulates containing 12-15 tig protein were incubated with
ICYP (20-320 pM as final concentrations) in the presence or
absence of 1 nM propranolol for 1 h. Reaction mixtures
were passed through GF/C glassfiber filter to separate bound
and free ICYP, and radioactivities remaining on the filters
were counted. Data were analysed by the method of
Scatchard.

analysed only in the challenged guinea pigs (indi-
cated by closed circle), the correlation was again
statistically significant (r = 0.63, P < 0.05).

Density of a-1-adrenergic receptors

Eig. 6 shows the saturation curve and the
Scatchard analysis of the binding of IBE-2254 to
guinea pig lung membrane. The binding of IBE-
2254 to lung membrane was saturable, and its
binding and dissociation were rapid. Eig. 7 shows
the effects of the a-antagonists, prazosin, phe-
notolamine and yohimbine, on the binding of

IBE-2254 to guinea pig lung membrane. In this
competitive experiment for IBE-2254 binding,
the order of potency in inhibiting IBE-2254 bind-
ing was as follows: prazosin, phentolamine and
yohimbine. This finding indicates that IBE-2254
possesses the classical binding characteristics of
an a-1-adrenergic receptor ligand (5). The densi-
ties of a-1-adrenergic receptors in the challenged
vs. the control group were 65 ± 9 (mean ± SEM)
fmol/mg protein (n = 11) and 52 ± 10 fmol/mg
protein (« = 9), respectively, not significantly
different. No significant correlation was found
between the densities of P- and a-1-adrenergic
receptors. Also the correlation between the densi-
ty of a-1-adrenergic receptors and RT-HIS was
not statistically significant (r = 0.31, 0.05 P <
0.1).

DISCUSSION

In this experiment, we observed an increase in
airway responsiveness to histamine 24 h after
inducing bronchoconstriction by administering
an OA aerosol in g^uinea pigs. Different results
have been obtained in other studies. Marsh et al.
(16) observed increased airway responsiveness 3
days after the development of LAR in rabbits.
Cartier et al. (3) reported that the magnitude of
increased airway responsiveness to histamine
correlated with that of LAR as meastired by the
percent fall in EEV,; the duration of airway
hyperresponsiveness also correlated with the
magnitude of LAR in patients with asthma.
However, Krell et al. (12) found no change in
airway responsiveness to various broncho-
spasmogenic substances following chronic expo-
sure to Ascaris in Ascaris-sensitive dogs. Popa et
al. (22) showed an exaggerated airway respon-
siveness to histamine, acetylcholine and pro-
pranolol after allergen challenge in guinea pigs;
however this was observed only within 2 h of
challenge. The reasons for these different results
have not been explained. However, a different
dose of inhaled allergen may be in part respons-
ible, since the occurrence of a dual asthmatic
response in allergic patients is thought to be dose-
related. That is, an increase in the amount of
inhaled allergen may promote LAR in those who
had initially exhibited an immediate reaction to
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Fig. 6. Saturation curve of IBE-2254 binding to guinea pig lung membrane and the Scatchard analysis of the same data. Guinea
pig lung membrane particulates containing approximately 40 ng protein were incubated with IBE-2254 (25-400 pM as final
concentrations) in the presence or absence of 10 nM of phentolamine for 15 min. The reaction mixture was passed through GF/C
glassfiber filter to separate bound and free IBE-2254. Radioactivity on the filters was counted and analysed by the method of
Scatchard.

allergen challenge (23). In our experiment, the
concentration of OA solution used in challenge
vas extremely high and the resulting broncho-
constriction was severe as shown in Eig. 2.
Although LAR was not recorded in this experi-
ment, we found a marked infiltration of neu-
trophils and eosinophils in the bronchial tissue

and injury to the bronchial epithelium 6 to 24 h
after challenge (unpublished data). We might
have detected changes in pulmonary function 6 to
8 h after allergen challenge if a more sensitive
method had been available to measure pulmo-
nary function. Nevertheless, considering our
results together with those of others, it seems
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Fig. 7. Competition curves of IBE-2254 (200 pM) with a-adrenergic antagonists. Guinea pig lung particulates containing 160 |xg
protein were incubated with 200 pM of IBE-2254 and various concentrations of a-antagonists for 15 min. The reaction mixtures
was passed through GF/C glassfiber filter to separate bound and free IBE-2254. Radioactivity remaining on the filters was
counted. Results are shown as % of maximal binding obtained in the absence of a-antagonists.

likely that exposure to a large amount of allergen
leads to airway hyperresponsiveness.

There are several possible mechanisms by
which allergen challenge increases airway re-
sponsiveness. Eirst, infiltration of the airway epi-
thelium by polymorphonuclear leukocytes is
believed to play a role (4, 9, 21). Second, allergen
challenges reportedly increase the permeability
of the airway epithelium leading to a hyper-
responsiveness to histamine (2). Third, airway
epithelial damages by infiammation induced by
an allergen challenge may expose nerve endings,
thus tending toward airway hyperresponsiveness
(13). Eourth, epithelial damage may perhaps
induce airway hyperresponsiveness by a lack of
as yet undetermined epithelium derived relaxant
factors (6). And fifth, the results of our experi-
ment, i.e. the increased airway responsiveness
and the decreased density of (i-adrenergic recep-
tors after allergen challenge, and a positive corre-
lation between RT-HIS and the density of
3-adrenergic receptors, suggest that a decreased
density of |3-adrenergic receptors participates in
the development of airway hyperresponsiveness.
We previously reported a positive correlation
between the numbers of P-adrenergic receptors
on lymphocytes and respiratory threshold to

acetylcholine (20). A positive correlation between
the cyclic AMP response of peripheral lympho-
cytes to salbutamol and the respiratory threshold
to acetylcholine has been shown in another report
(15). A significant correlation has also been
reported between the respiratory threshold to
acetylcholine and the adrenergic hyperglycemic
response (14). Kraan et al. (11) noted an increas-
ed airway responsiveness after administration of
terbutaline for 2 weeks and attributed this phe-
nomenon to p-adrenergic receptor desensitiza-
tion. Their reports as well as ours support the
P-adrenergic blockade theory as one of the patho-
genetic mechanisms of airway hyperresponsive-
ness.

Two mechanisms can be suggested by which
the density of P-adrenergic receptors on lung
membrane decrease following allergen challenge.
While it is well known that the numbers of
P-adrenergic receptors decrease following expo-
sure to high concentration of P-adrenergic ago-
nist (8), even the concentration of catecholamine
existing in human plasma can influence the num-
ber of P-adrenergic receptors on mononuclear
cells (8). The dyspneic state induced by allergen
challenge seems to increase the concentration of
plasma catecholamine. Therefore one mecha-
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nism for the decreased density of P-adrenergic
receptors is probably an elevated concentration
of plasma catecholamine. On the other hand,
Taki et al. (27) reported that exposing guinea pig
lung membrane particles to phospholipase A2
induced a reduction in P-adrenergic receptors.
Eolkerts et al. (7) showed the induction of
decrease of P-adrenergic receptor on lungs and
airway hyperresponsiveness by injection of 15-
HPETE. Since phospholipase A^ is activated by
allergen challenge (23), the consecutive events
following phospholipase A2 activation may have
participated in the decrease of P-adrenergic
receptors in our experiment.

Although the density of a-1-adrenergic recep-
tor was not significantly altered by the allergen
challenge, we noticed a tendency toward an
inverse correlation between their density and the
RT-HIS (0.05 < P < 0.1). Stimulation of a-1-
adrenergic receptors can provoke bronchocon-
striction, and an a-1-blocker may be effective in
treating bronchial asthma. However, the potency
of a-1-agonist is so weak as to elicit bron-
choconstriction only when the P-adrenergic
receptor is blocked (18). Our findings that the
correlation between the density ofa-1 -adrenergic
receptors and the RT-HIS is less than that
between the density of P-adrenergic receptors
and the RT-HIS, and that the density of a-1-
drenergic receptors is approximately 10 % of that
of P-adrenergic receptors, seem to be consistent
with the report by Jenkins et al. (10): that the
administration of an alpha-1-antagonist does not
influence the RT-HIS as dramatically as does a
P-agonist. Eurther studies are required to eluci-
date the role of a-1-adrenergic receptors in air-
way hyperresponsivenesss.

REEERENCES

1. Barnes, P. J., Dollery, C.T. & MacDermot, J.: Increased
pulmonary a-adrenergic and reduced P-adrenergic recep-
tors in experimental asthma. Nature 285, 569-571, 1980.

2. Boucher, R. C , Pare, P. D. & Hogg, J. C : Relation-
ship between airway hyperreactivity and hyperper-
meability in Ascaris-sensitive monkeys. J. Allergy Clin.
Immunol. 64, 197-201, 1979.

3. Cartier, A., Thompson, N. C , Frith, P. A., Roberts,
R. & Hargreave, F. E.: Allergen-induced increase in
bronchial responsiveness to histamine: relationship to
the late asthmatic response and change in airway cali-

ber. J. Allergy Clin. Immunol. 70, 170-177, 1982.
4. Copas, J. L., Borgeat, P. & Gardiner, P. J.: The

actions of 5-, 12-, and 15-HETE on tracheal smooth
muscle. Prostaglandins Leukotrienes Med. 8, 105-114,
1982.

5. Engel, G. & Hoyer, D.: ['2=1] BE 2254, a new high
affinity radioligand for Oj-adrenoceptors. Eur. J. Phar-
macol. 73, 221-224, 1981.

6. Elavahan, N. A., Aarhus, L. L., Rimele, T. J. &
Vanhoutte, P. M.: Respiratory epithelium inhibits
bronchial smooth muscle tone. J. Appl. Physiol. 58,
834-838, 1985.

7. Folkerts, G., Nijkamp, F. O. & van Oosterhout, J. M.:
Induction in guinea-pigs of airway hyperreactivity and
decreased lung p-adrenoceptor number by 15-hydro-
peroxy-arachidonic acid. Br. J. Pharmacol. 80, 597-
599, 1983.

8. Harden, T. K.: Agonist-induced desensitization of the
p-adrenergic receptor-linked adenylate cyclase. Phar-
macol. Rev. 35, 5-32, 1983.

9. Holzman, M. J., Fabrri, L. M. & Gold, B. D., et al.:
Importance of airway inflammation for hyperrespon-
siveness induced by ozone. Am. Rev. Respir. Dis. 127,
686-690, 1983.

10. Jenkins, C , Breslin, A. B. X. & Marlin, G. E.: The
role of alpha and beta adrenoceptors in airway hyper-
responsivenesss to histamine. J. Allergy Clin. Immunol.
75, 364-372, 1985.

11. Kraan, J., Koeter, G. H., v. d. Mark, Th. W., Sluiter,
H. J. & de Vries, K.: Changes in bronchial hyperreac-
tivity induced by 4 weeks of treatment with antiasthma-
tic drugs in patients with allergic asthma; a comparison
between budesonide and terbutaline. J. Allergy Clin.
Immunol. 76, 628-636, 1985.

12. Krell, R. D., Chakrin, L. W., Christian, P., Giannone,
E., McCoy, J. & Osborn, R.: Canine airway responses
to acetylcholine, prostaglandin Fj, hi.stamine, and
serotonin after chronic antigen exposure. J. Allergy
Clin. Immunol 58, 664-675, 1976.

13. Laitinen, L. A., Heino, M., Laitinen, A., Kava, T. &
Haahtela, T.: Damage of the airway epithelium and
bronchial reactivity in patients with asthma. Am. Rev.
Respir. Dis. 131, 599-606, 1985.

14. Makino, S., Ikemori, R., Fukuda. T. Motojima. S.:
Relationships between responsiveness of the bronchi to
acetylcholine and cyclic AMP response of lymphocytes
to beta,- and betaj-adrenergic receptor stimulation in
patients with asthma. Allergy 38, 37-42.

15. Makino, S., Ouellette, J. J., Reed, C. E. & Fishel, C.: Cor-
relation between increased bronchial response to acetyl-
choline and diminished metabolic and eosinopenic respon-
ses to epinephrine in asthma. J. Allergy ^6, 178-189,1970.

16. Marsh, W. R., Irvine, C. G., Murphy, R., Behrens, B.
L. & Larson, G. L.: Increase in airway reactivity to
histamine and inflammatory cells in bronchoalveolar
lavage after the late asthmatic response in an animal
model. Am. Rev. Respir. Dis. 131, 875-879, 1985.

17. Meurs, H., Koeter, G. H., de Vries, K. & Kauffman,
H . F.: The beta-adrenergic system and allergic bron-
chial asthma: changes in lymphocyte beta-adrenergic



74 S. MOTOJIMA ET AL.

receptor number and adenylate cyclase activity after an
allergen-induced asthmatic attack. J. Allergy Clin.
Immunol. 70, 272-280, 1982.

18. Middleton, E. Jr.: Alpha-adrenergic antagonists. In
Middleton, E. Jr., Reed, C. E. & Ellis, E. F. (eds.):
Allergy, principles and practice, pp. 527-533. C. V.
Mosby Co., St. Louis, 1983.

19. Mita, H., Yui, Y., Yasueda, H. & Shida. T.: Changes
of alpha-1 and beta-adrenergic and cholinergic mus-
carinic receptors in guinea pig lung sensitized with
ovalbumin. Int. Arch. Allergy Appl. Immunol. 70, 225-
230, 1983.

20. Motojima, S., Fukuda, T. & Makino, S.: Measurement
of p-adrenergic receptors on lymphocytes in normal
subjects and asthmatics in relation to P-adrenergic
hyperglycaemic response and bronchial responsiveness.
Allergy 38, 331-337, 1983.

21. O'Byrne, P. M., Leikauf, G. D., Aizawa, H., et al.:
Leukotriene B4 induces airway hyperresponsiveness in
dogs. J. Appl. Physiol. .5.9, 1941-1946, 1985.

22. Popa, V., Douglas, J. S. & Bouhuys, A.: Airway
response to histamine, acetylcholine, and propranolol in
anaphylactic hypersensitivity in guinea pigs,. J. Allergy
Clin. Immunol. 51, 344-356, 1973.

23. Rocklin. R. E. & Findlay, S. R.: Immunologic mecha-
nisms and recent advances in asthma. In Weiss, E. B.,
Segal, M. S. & Stein, M. (eds.): Bronchial asthma,
mechanisms and therapeutics, 2nd ed., pp. 41-51.
Little, Brown and Company, Boston, 1985.

24. Scatchard, G.: The attraction of proteins for small mol-
ecules and ions. Ann. NY Acad. Sci. 551, 660-672,
1949.

25. Smith, J. M.: Epidemiology and natural history of
asthma, allergic rhinitis, and atopic dermatitis (eczema).
In Middleton, E. Jr., Reed, C. E. & Ellis, E. F. (eds.):
Allergy, principles and practice, pp. 771-803. C. V.
Mosby Co., St. Louis, 1983.

26. Szentivanyi, A., Poison, J. B. & Szentivanyi, J.: Adre-
nergic regulation. In Weiss, E. B., Segal, M. S. &
Stein, M. (eds.): Bronchial asthma, mechanisms and
therapeutics. 2nd ed., pp. 126-150. Little, Brown and
Company, Boston, 1985.

27. Taki, F., Takagi, K., Satake, T., Sugiyama, S. &
Ozawa, T.: The role of phospholipase in reduced beta-
adrenergic responsiveness in experimental asthma. Am.
Rev. Respir. Dis. 133, 362-366, 1986.

28. Yamauchi, N., Suko, M., Morita, Y., Suzuki, S., Ito,
K. & Miyamoto, T.: Decreased airway responsiveness
to histamine in gold salt-treated guinea pigs. J. Allergy
Clin. Immunol. 74, 802-807, 1984.

Address:
Shinji Motojima, M.D.
Department of Medicine and Clinical Immunology
Dokkyo University School of Medicine
880, Kitakobayashi
Mibu, Tochigi
321-02, Japan




