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CLINICAL ASPECTS
Bronchial asthma is o common discase, and although we have
bronchoconstriction in asthmatie attacks no cure has been found.

Hypersensitivity of the bronchi to various stimuli is one of the main characteristics of
bronchial asthma. Although the etiology of this hypersensitivity is not known, decreased
beta-adrenergic response in bronchi has been proposed as one of the mechanisms. Beta-
adrenergic receptors have fwo subfypes, betay and betay. Betay-receptors mediate broncho-
inting effect of while ptors mediate cardine stimulation. If beta-
adrenergic blockade were the cause of bronchial hypersensitvity, the abmormality would be in
betay-receptors, but not in beta-receptors.

We found a low but statistically significant correlation between bronchial hypersensitivity to
inhaled acetylcholine and cyclic AMP response of lymphocytes to betay-stimulant, salbutamol,
patients asthma. Though the organs examined were different, these observations
suggest that the abnormality of beta-receptors may be one of the causes of bronchial
hypersensitivity in asthma.

any drugs for treating
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Decreased beta-adrenergic response has been

patents were symptomatic and were kept on

proposed as one of the causes of
tivity of the bronchi in bronchial asthma (22). It
has been reported that re

sponsiveness of the
bronchi to parasympathomimetic agents or
histamine showed inverse correlation with beta-
adrenergic responses as measured by the in-
crease of blood level of cyclic AMP, glucose and
lactic acid, and eosinopenia induced by the
injections of beta-simulants in patients with
asthma (1,
reduced bronch

14). Such observations suggest that

lilating effects of endogenou:

catecholamines enhances bronchoconstriction
incuced by various stimuli. Beta-adrenergic re-
ceptors have two subtypes, beta, and beta,. In
the lung bronchodilation is mediated by bet:
receptor (16, 18) 5o it is possible that abnormal-
ity of beta-responses in asthma is restricted to
betay-response.

pinephrine amol  stimula
predominantly beta;- and betay-receptors,
spectively (15). We measured responsiveness of
the bronchi o acetylcholine and cyclic AMP
(cAMP) production of lymphocytes by beta-
and beta
m

and

re-

agonists in asthmatic patients in re-
on and with moderate symptoms.

There have been no reports which definitely
showed that the bronchi of patients with asth-
ma were less reactive to betay-adrenergic bron-
chodilation. It is thought that if betag-adren-
ergic response in lymphocytes shows an inverse
correlation to responsiveness of the bronchi to
acetylcholine and beta,-response does not, then
it is possible that selective betay-adrenergic sub-
sensitivity is one of the causes of bronchial
hypersensitivity in asthma.

The aims of th

study are to find out whether
or notresponsiveness of the bronchi is corre-
lated with the betayresponse of lymphocytes
and to investigate the hypothesis of selective
betay-adrenergic subsensitivity in asthma.

SUBJECTS AND METHODS

Subjects

The study comprised 30 patients with asthma
(21 male and 9 female). Their age ranged from
17 10 50 years; mean 30.3. Fourteen of the 30

and theophyllines. The remain-
ing 14 patients were asymptomatic and were
drug-free at least 2 weeks before tests (9).

Preparation of cells and measurement
of eyclic AMP response

Venous blood (40 ml) was drawn from the ante-
cubital vein between 9 and 10 a.m. The subjects
did not take medications or beverages contain-
ing caffeine for at least 12 h before blood
sampling. Lymphocytes were prepared by densi-
ty gradient centrifugation in Ficoll-Hypaque as
described by Boyum (2). The purified prepara-
tions contained more than 90% lymphocytes,
the remaining cells being granulocytes
cytes. The lymphocytes were resuspended in a
medium  consisting of NaCl, 120 my;
5 mm; CaCly, 0.6 mm; MgCl,
droxymethyl) aminomethane, mu
human serum albumin, 0.03% adjusted to pH
7.4 (6). The incubations were carried out in 0.5

Or mono-

25

ml vol in duplicate at 37°C. The cells, 3 x
10%/mm?, were preincubated for 10 min. Theo-
phylline and norepinephrine or salbutamol

were added as required, and the incubation was
allowed to continue for an additional 15 min.
The cells were then centrifuged for 3 min at
1,500 g, the supernatants were discarded, and
the cell buttons were frozen in dry-ice acetone
and thawed in 0.5 ml distilled water. After one
additional freezing, the tubes were immersed in
boiling water for 5 min and centrifuged for 15
min at 2,000 g to remove protein. The super-
natants were collected, frozen, and dried for
storage. Cyclic AMP was measured by the bind-
ing protein method with a commercial kit (cyclic
AMP assay kit, Radiochemical Center,
ham, U.K.) (20).

Cyclic AMP responses of lymphocytes to nor-
cpinephrine (-norepinephrine bitartrate, Sigma
Chemical Co.) and salbutamol (salbutamol sul-
fate, Japan Glaxo Co.), 10-% M and 10-% M, were
measured in the presence of 5 x 107* M of
theophylline (Daiichi Kagaku, Tokyo, Japan) to
enhance lhe effect of beta-stimulants I)y in-
hibiting phosphodiesterase. This

of rheophylline did not change the content of

Amers-
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Level of cyclic AMP in lymph

hocytes from patients with asthma

Mean and SD of cAMF

Symy

None
“Theophyline 5 x 1035
Norepinephrine 109 m
Norepinephrine 1075 M
Salbutamol 1073

ol 1079 3

BO£45

P level (p mol/ 108 Iymphocytes)

tic (without

promatic (with  Asympto

14 beta-stimulants) n = 16
6.2 NS*
36418 NS
27462 NS
EXERYG P <005
6.3£2.0 10.6£6.3 <o,
55+24 10.1£5.7 P <001

and asympto

nce hetveen sympromatic

X 10~
M theophylline served as the baseline value.

CcAMP (Table 1). The cAMP level with 5

Blood samplings for cAMP responses were
done within 2 weeks prior to acetylcholine in-
halation tests. No subjects showed apparent
changes of asthmatic symptoms between blood
sampling and inhalation test.

Acetylcholine inhalation test (14, 23)

Subjects took no drugs at least 12 h before test
and showed no ashtmatic symptoms at the time
of test. They inhaled 14 1 of aerosols of an
acetylcholine solution which was stored in a
and FEV, was measured immediately
after the inhalation. Acrosols were generated
with a Vaponephrine plastic nebulizer with
5 l/min of compressed air. The concentration
of acetylcholine solutions was serially doubled
from 98 to 25000 ug/ml. The inhalation started
with the lowest concentration of acetylcholine
solution and progressed to the higher concen-
tration, until FEV, decreased by more than
20% of the baseline value which was measured
before the test.

The concentration of acetylcholine solution
which showed an initial decrease of FEV, by
more than 20% of the baseline value was taken
as the respiratory threshold (o acetylcholine
(RT-Ach). RT-Ach is considered to express the
responsiveness of the bronchi.

drum,

not significant

RESULTS

able 1 and Fig. 1 show cAMP response of
lymphocytes to 1074 s and 10-% a1 of norepine-
phrine and salbutamol. Both of the drugs in-
sed cAMP level. Preliminary experimes
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RESPIRATORY THRESHOLD TO ACETYLCHOLINE
Fig. 2. Relationship between responsiveness of the bronchi to

acetyleholine (RT-Ach) and cAMP response of lymphocytes
10 103 3 norepinephrine (betsj-stimulany) among patients
with asthina.
Spearman rank correlation coefficient (Rs) was 0.14 and
ant. Closed circles: patients on
patients not on drugs.

was not statistically. signif
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RESPIRATORY THRESHOLD TO ACETYLCHOLINE
. Relationship between responsiveness of the bronchi

Fig,
(RT-Ach) and cAMP response of lymphacytes 1o salbutamol
(betiy-stin pearman
rank correlation coefficient (Rs) was 0.36 and was
significant (P < 0.05).

sthima

ant) wmong patients with

Table 2
Correlation cocfficients between respiratory threshold o
aceryleholine and cyelic AMP response of lymphocytes 10
beta - and b

a-stimulants

Treatment Spearman rank correlation

of lymphocytes cocfficientst

Norepinephrine 1075\ 011 NS
M 0.20

0.36 P <005

040 r<005

* Number of subjects was 80; = NS: not significan

showed that the ¢cAMP response of the wo
beta-stimulants was maximal at 10~ w, since no

further increase of cAMP production was ob-
served at 1072 .

The increments of the cAMP level of lymph-
ocytes with norepinephrine and  salbutamol
were compared between symptomatic and
asymptomatic patients. The ¢cAMP increment
with 10-* M and 10-* v salbutamol was lower in
symptomatic patients compared with that in
asymptomatic patients, while the increment with
10-* M norepinephrine was not significantly dif-
ferent between symptomatic and asymptomatic
patients.

Thus, symptomatic patients showed a mar-
kedly diminished beta,-receptor
lymphocytes compared with asymptomatic
tients, but the beta-receptor response in lymph-
ocytes was not so different between symptom-

response  in

atic and asymptomatic patients as was the beta,-
receptor respon:

Table 2 and Figs. 2 and 3 show relationships
between RT-Ach and cAMP response of lymph-
ocytes to beta;- and betay-stimulants. No signif-
icant correlation was observed between RT-Ach
and cAMP response of lymphocytes to beta,-
stimulant  (norepinephrine)  while  RT-Ach
showed low but statistically significant correla-
tion to cAMP response to betag-stimulant (salbu-
tamol). Thus, patients with a more increased
bronchial sensitivity tend to show a lower betay-
response of lymphocytes. As seen in Figs. 2 and
3, RT-Ach of symptomatic patients were lower
than those of asymptomatic patients. The geo-
- mean of RT-Ach in symptomatic patients
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was 905 pg/ml and in asymptomatic patients
4232 ug/ml. The difference was statistically sig-
nificant (P < 0.01).

DISCUSSION

of the bron-

RT-Ach expressing responsivenes
chi showed a statistically significant correlation
with the beta, cAMP response in lymphocytes in
patients with asthma, but not with the beta)-
response. In a previous report, we found a
significant inverse correlation between RT-Ach
and  betay-adrenergic infused
epinephrine such as hyperglycemia, hyperlacta-
cidemia and cosinopenia in asthma (14). These
results suggest that selective betag-acrenergic

responses  to

blockade may be one of the causes of bronchial
hypersensitivity in asthma, though it should be
noted that in this study the cells examined were
lymphocytes and the concentrations of sym-
pathomimetic agents far exceeded physiologic
and therapeutic levels.

In this study subjects consisted of symptom-

atic and asymptomatic patients. Symptomatic
patients neceded (o take beta-stimulants 1o
control asthmatic symptoms, and asymptomatic
patients were in remission and were not taking
any drugs. Symptomatic patients showed lower
RT-Ach and also de sed cAMP response to
betay-stimulants compared with asymptomatic
patients. Beta; cAMP response was not differ:

ent at 107 m of norepinephrine and slightly
lowered at 10~ M in symptomatic patients com-
pared with asymptomatic patients. These ob-
servations  suggest that patients  with
severe symptoms tend to show increased re-
sponsivencss of the bronchi and decreased
betay-response in  lymphocytes, confirming
previous reports (3, 10, 13). Interestingly, the
beta -response was not much different between
symptomatic and asymptomatic patients.

Continuous  administration  of

more

oral  beta-

such bet as

p
hyperglycemic, hyperlactacidemic, cardiac and
CAMP, and the number of beta-receptors in
leukocytes (9, 11, 21). Subsensitivity induced by
beta-sti Imi ion 9
weeks after cessation of the drugs (9). Since
symptomatic patients had been kept on beta-
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stimulants in this study, it is considered that the
betay-subsensitivity in lymphocytes observed in
symptomatic subjects is in part induced by the
administration of beta-stimulants
ration of beta-stimu-

However, the adminis
lants is not considered to be the only cause of
betay-subsensitivity observed in - symptomatic
patients, since cAMP response to beta-
lants and the number of beta-receptors in
lymphocytes of asthmatic patients diminished

imu-

cven among patients in remission who are not
taking beta-stimulants (4, 12, 19).

The design of this study did not :
quantitate how much the administr
beta-stimulants contributed to subsensitivity to
CAMP response. Further well-designed  study
will be needed to elucidate the intrinsic ab-
normality of beta-receptors in symptomatic
patients,

The correlation coefficient between RT-Ach
and cAMP response to beta
tistically significant but its value was low. This
al hypersensitivity is
hed betag-adren-
ergic response, but also to many other factors.

low us to
tion of

stimulant was sta-

vesult suggests that bronchi

related not only to the diminis

In fact abnormalities of histamine H, receptors
(5), alpha-adrenergic receptors (8), and slow-
adapting irritant receptors (17) have been re-
ported in asthma. Responsiveness of the bronchi
is also influenced by the caliber of the airways
before the test.
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