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Comparison of the effects on bronchial
hyperresponsiveness of antiallergic agents
and beclomethasone dipropionate in
long-term bronchial asthma
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The effect of antiallergic agents (DSCG (disodium cromoglycate),
ketotifen, and ibudilast) and beclomethasone dipropionate inhaler (BDI)
on bronchial hyperresponsiveness to histamine inhalation was retrospectively
assessed in 72 asthmatic patients with more than a year's duration of the
disease. Decrease in bronchial hyperresponsiveness to histamine was
observed in 10 out of the 33 (30%) antiallergic-agents-treated patients (group
A, mean duration = 7.8 months), in 12 of 19 (63.2%) BDl-treated
patients (group B, 6.2 tnonths), but only 2 of the 20 (10%) control patients
(group C, 7.8 months). Improvement of histamine PCjo was from 310 to
597 fxg/ml (P<0.01) in group A, from 308 to 1622 \ig/ml (P< 0.0005) in group
B, and from 575 to 525 |ig/ml (NS) in group C. A significant decrease in
the peripheral eosinophil count was observed only in group B. The
improvement in bronchial hyperresponsiveness was parallel with that of
asthmatic symptoms; the percentage of patients becoming symptom-free rose
from 12 to 42%, 5 to 89%, and 5 to 20% in groups A, B, and C,
respectively. Out of 11 unimproved patients in group A, 7 showed a
significant improvement in their histamine PCjo by BDI treatment (mean
PCJQ: 311^-1828 lig/ml). These results suggest that BDI might be more
effective than antiallergic agents in the treatment of patients with
long-standing bronchial asthma.
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Bronchial hyperresponsiveness to specific or non-
specific stimuli has been well documented as char-
acteristic of bronchial asthma (2, 9, 18). In Japan,
various oral antiallergic agents have recently been
developed and used for the treatment of bronchial
asthma (6, 12, 14-17, 20-22). At present, 11 anti-
allergic agents are commercially available. The
antiallergic agents are classified into three groups
according to their chemical structure and pharma-
cologic action. Group I is an acidic type which in-
cludes DSCG (disodium cromoglycate), tranilast,
amlexanox, repirinast, tazanolast, and pemirolast
(20, 21). These agents inhibit mainly the release of
histamine from mast cells. Group II is a basic type
which includes ketotifen, azelastine, terfenadine, and
oxatomide (6, 16). These agents inhibit the release of
chemical mediators (LTs, PAF, etc.) from eosino-

phils and neutrophils as well as from mast cells. The
agents in this group have an antihistamine effect.
Group III is a purazolopyridine derivative which
includes ibudilast (14). This agent does not inhibit
the release of histamine, but does enhance the PGI2
effects (17).

We have previously reported (12) that antiallergic
agents might be used to treat asthmatic patients,
especially in disease with a duration of less than 1
year. We have further examined the effect of anti-
allergic agents on nonspecific bronchial hyperre-
sponsiveness in patients with long-standing asthma
(more than 1 year's duration). In the present study,
we assessed retrospectively their effect on bronchial
hyperresponsiveness in comparison with that of be-
clomethasone dipropionate inhaler (BDI).
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Subject and methods
Subject and study design

The effect of antiallergic agents, BDP, or only bron-
chodilators on bronchial hyperresponsiveness was
retrospectively assessed in 72 patients diagnosed as
having bronchial asthma (1). The subjects were used
in this study in 1987-91. Their asthmatic symptoms
had occurred for more than 1 year before the study,
and they were all nonsmokers. Patients who received
oral corticosteroid or gold therapy were excluded.
All patients were initially treated with beta-stimulants
and/or xanthine-derivatives. When asthmatic symp-
toms were well controlled, antiallergic agents (group
A; 33 cases; DSCG 10, ketotifen 6, ibudilast 17) or
BDP (group B; 19 cases) was randomly adminis-
tered in addition to beta-stimulants and/or xan-
thines. As a control group, they were given only
beta-stimulants and/or xanthine (group C; 20 cases).
The bronchial hyperresponsiveness was examined in
patients who had antiallergic agents or BDP for at
least 3 months, and the evaluation was made retro-
spectively. An increase of the histamine threshold
(PC20) after the treatment of more than fourfold was
defined as improvement in bronchial hyperrespon-
siveness. Severity of asthmatic symptoms was eval-
uated in the month before each histamine inhalation
test. Symptoms were classified into four grades; se-
vere, moderate, mild, and symptom-free in accor-
dance with the strength and the frequency of asth-
matic attacks in the 1-month period before each test.
In brief, "severe" meant moderate attacks more than
4 d/week; "moderate", mild attacks more than 4 d/
week; and "mild", only a wheeze more than 4 d/
week.

Agents

Antiallergic agents used in this study included DSCG
(Fujisawa Pharmaceutical Co., Ltd) (administered
by "spinhaler", 20 mg x 4/d), ibudilast (14, 17) (Ky-
orin Pharmaceutical Co., Ltd), and ketotifen (16)
(Sandoz Pharmaceutical Co., Ltd) (the last two ad-
ministered orally 10 mg x 2/d, 1 mg x 2/d). BDP
(Glaxo Co., Ltd) was administered by meter-dosed
inhaler (50 fxg) four times a day, 1-4 puffs each time
(mean 7 puffs/d).

Histamine inhalation test

The histamine inhalation test was conducted by the
method stipulated by the Japanese Society of Aller-
gology. Briefly, aerosols were generated with a DeVil-
biss nebulizer (type 646) at an airflow of 5 1/min.
Inhalation occurred for 2 min during quiet breathing
through the mouth at 5-min intervals. An isotonic
0.9% saline solution was inhaled first, followed by

escalating concentrations of histamine from 20 to
10000 î g/ml in twofold increments. The FEVi was
measured before saline solution inhalation and after
each histamine inhalation. The test was continued
until the FEVi had fallen by 20% or until the high-
est concentration of histamine (10000 |xg/ml) had
been administered. The threshold was defined as the
lowest concentration of histamine which resulted in
a 20% fall of FEVi. Histamine PC20 was calculated
by linear interpolation between the last two data
points on the dose-response curve, or was expressed
as " > 10000 i^g/ml" if there had been no response.
The mean value of PC20 was expressed as a geo-
metric one or as the mean of converted concentra-
tion of histamine (jag/ml). Before the histamine in-
halation test, the basic type of antiallergic agents
which have antihistamine activities were withheld
for 4 d and other drugs for 24 h. In order to avoid
possible daily changes in response to histamine, we
performed the test between 0900 and 1200 in the
morning.

Statistical analysis

Data were expressed as the mean + SD, and statis-
tical significance, evaluated by Student's ;-test, Wil-
coxon's ;-test, or the Mann-Whitney U-test, was set
at / '<0.05.

Results
Decrease in bronchial hyperresponsiveness to histamine
inhalation by treatment with antiallergic agents or BDP

Changes in bronchial hyperresponsiveness to hista-
mine inhalation were compared among subjects
treated by antiallergic agents (group A), by BDP
(group B), and by only beta-stimulants and/or xan-

Table 1. Patients' characteristics in three groups

Number of patients
Gender, M/F
Age (yr)

Extrinsic/intrinsic
Duration of disease (yr)
FEV, (1)
%FEV, (%|
PCjo (ng/ml)
Log (PC,o)
Serum IgE (U/ml)
Peripheral blood eosinophil

counts i/nD
Administration periods (mo)

Antiallergic agents
(A) group

33
20/13
39.2

(15-79)
18/15

11.0(1-43)
2.38+0.88
77.4+14,8

309.0
(2.49+0.59)

455 + 569

397+283
7,8+5,9

Beclomethasone
(B) group

19
12/7
42.3

(19-70)
8/11

7.8(1-30)
2.27+0.59
77.3+19.4

307,8
(2.49+0.60)
271+278

415i237
6,2+3,8

Control
(C) group

20
13/7
45,2

(17-72)
10/10

10.7(1-41)
2,17+0.89
73,2+20,8

575,4
(2.76+0.62)
327+402

415+233
7.8i6,l
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Fig. 1. Changes in histamine threshold (PCjo) in three groups. * Statistical analysis by Wilcoxon's test.

After

thines (group C). There was no significant difference
in clinical characteristics among the three groups
(Table 1). A decrease in bronchial hyperresponsive-
ness to histamine inhalation was observed in 10 out
of the 33 patients who were treated with antiallergic
agents, in 12 out of the 19 who were treated with
BDP, and in 2 out of the 20 who were treated with
only beta-stimulants and/or xanthines (Fig. 1). Im-
provement of histamine PC20 (geometric mean ± SD)
was from 309 to 597 |ig/ml (2.49 + 0.59^2.81 +
0.57; P<0.0\) in group A, 308 to 1622 ng/ml
(2.49±0.60-^3.21 ±0.68; /'<0.0005) in group B,
and 575 to 525 jxg/ml (2.75 ± 0.62-^2.72 ± 0.57, NS)
in group C. Difference in log(PC2o) before and after
the treatment was 0.30 ± 0.54 in group A, 0.72 ± 0.54
in group B, and -0.038 ±0.58 in group C. There
were statistical differences in improvement of log
(PC20) between groups A and B (/'<0.005) and
groups B and C (P<0.0005) by the Mann-Whitney
U-test. Patients whose histamine threshold reached
more than 10000 ng/ml after treatment were ob-
served only in group B (5/19). No significant differ-
ence could be observed in improvement of PC20
among DSCG, ketotifen, and ibudilast groups; dif-
ference in log(PC2o) was 0.49 ±0.66 in the DSCG
group («=10), 0.16 ±0.46 in the ibudilast group
(« = 17), and 0.48 ± 0.57 in the ketotifen group {n = 6)
(Fig. 2).

There was no significant change in FEV,, % FEV,,
and serum IgE in the three groups. However, a de-
crease in peripheral eosinophil count was observed
only in group B (415 to 320/|al; P<0.05) (Table 2).

Table 2. Changes in parameters in three groups

Peripherai biood
FEV, %FEV,* Serum igE eosinophii counts

Group (I) (%) (U/mi) (/ni)

A group Before 2.38+0,88 77.4+14.8 455+568 396+287
After 2.37+0.59 75.9+13.1 494+625 341+217

B group Before 2.27+0.59 77.3+19.4 271+278 41B+237~i
After 2.45+0.47 82.1 + 13.5 275 + 285 320+161 j

C group Before 2.17+0.89 7,32 + 20.8 326+402 414+233
After 2.14i1.00 71.9 + 22.6 243 + 272 412+233

* Normal values for FEV, were calculated by Berglund's formula.
* * P<O.Oi by Student's f-test.

Changes in severity of asthmatic symptoms in the
three groups

Changes in severity of asthmatic symptoms were
compared among the three groups. As shown in
Fig. 3, the percentage of patients who became
symptom-free increased from 12 to 42% in group A,
5 to 89% in group B, and 5 to 20% in group C. The
most remarkable improvement in asthmatic symp-
toms was observed in the BDI-treated group.

Effect of BDP on bronchial hyperresponsiveness in
unimproved patients treated with antiallergic agents

Among the 23 patients in group A whose bronchial
hyperresponsiveness had not significantly improved
with antiallergic agents treatment, 11 patients were
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Fig. 2. Changes in histamine threshold (PCjo) in three antiallergic agent groups.

Before After

A Group B Group C Group

100

80 '

60 '

40

20-

89

before after before after before after
Fig. 3. Changes in asthmatic symptoms in three groups. Dark
area, moderate; hatched area, mild; unshaded area, symptom-
free.

followed by BDI treatment. The remaining 12 pa-
tients did not accept the BDI treatment. Adminis-
tration periods were almost equal between the two
agents (10 months each). As shown in Fig. 4, a de-
crease in bronchial hyperresponsiveness in a period
of treatment with BDI was observed in 7 out of 11
patietits (PC20; 311^.1828|ig/ml; P<0.05 by Wil-
coxon's test). There was a significant difference in
improvement between antiallergic agents and BDP
groups by the Mann-Whitney U-test {P<0.05).

Discussion
Airway inflammation has recently received much at-
tention as an important source of the pathogenesis
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Fig. 4. Effect of BDI on iiistamine threshold (PC,,,) in unim-
proved patients who had been treated with antiaUergic agents
(AAA). * Statistical analysis by Wilcoxon's test.
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of bronchial hyperresponsiveness in asthmatic pa-
tients (8, 10, 19). It is clear that chemical mediators
released from mast cells or other cells contribute to
airway inflammation. Thus, antiallergic agents have
been developed as preventives of asthma in the ex-
pectation that airway inflammation induced by chem-
ical mediators could be reduced by the use of anti-
allergic agents which are chemical-mediator-release
inhibitors. At present, 11 antiallergic agents are used
more commonly than BDP in Japan (6, 12, 14, 16,
17, 20, 21). Conversely, in Europe, BDP is used
more than antiallergic agents. Thus, in order to know
which agent, BDP or an antiallergic agent, would
better decrease bronchial hyperresponsiveness in
long-standing asthma, we assessed their effect ret-
rospectively. The result was that BDP appeared to
be more effective than antiallergic agents in decreas-
ing bronchial hyperresponsiveness and improving
asthmatic symptoms. A marked decrease in bron-
chial hyperresponsiveness was observed in some pa-
tients in the antiallergic-agents-treated group. How-
ever, antiallergic agents were not as effective in
patients with long-standing asthma as in patients
with short-term asthma (12).

Why have antiallergic agents been favored over
inhaled corticosteroids in Japan? There are several
possible explanations: 1) Japanese patients prefer
oral drugs to inhaled ones. 2) Japanese physicians
overestimate the adverse effects of corticosteroids,
even for the inhalation route. 3) Japanese investiga-
tors are very interested in discovering the agents
which specifically block allergic processes at a cer-
tain point. That is why so many antiallergic agents
have been used. 4) Finally, the most responsible fac-
tor is, we suppose, that drug companies in Japan
make more effort to sell antiallergic agents, just as
BDP is favored in the UK.

Why was BDP more effective than antiallergic
agents? The precise mechanism of the effect of BDP
on bronchial hyperresponsiveness has not yet been
clearly defined (3, 4, 13, 25). BDP probably inhibits
the release of chemical mediators (23). We noticed
the finding that the peripheral eosinophil count sig-
nificantly decreased in the BDI-treated group, but
not in the antiallergic-agents-treated group. We be-
lieve that the difference in effect on the peripheral
eosinophil count between the two types of agents
reflects the results we obtained in this study (11, 19).
Eosinophils are known to release chemical media-
tors such as major basic protein (MBP) or eosino-
philic cationic protein (ECP) which cause damage of
the airway epithelium (5-7). Gibson et al. (8) spec-
ulated that BDP might inhibit the production of eosi-
nophil chemotactic factors, resulting in a decrease of
the peripheral eosinophil count and eosinophil infil-
tration into the airway epithelium. We have reached
a similar conclusion.

In Japan, BDP is mostly used to reduce the dose
of oral corticosteroid in steroid-dependent asthma.
However, we have begun to think that BDP should
be employed as a first-line treatment for bronchial
asthma, even in early or mild stages of the disease.
The absorption of BDP from the airway to the blood
stream is minimal. Therefore, systemic adverse ef-
fects are very few; only garghng is required to avoid
oral candidiasis. The optimal utilization of newly
developed antiallergic agents has not yet been es-
tablished in Japan. What type of agent is really more
effective on what type of asthma? What is the effect
of antiallergic agents when combined with BDP?
Further study will be required to reach a certain
conclusion.
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