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Abstract

Immunoallergological studies were carried out to clarify the differences between 24 patients
with drug-induced asthma (DIA) and 240 with non-drug-induced asthma (non-DIA). The mean
values of age, skin reaction to Candida albicans (C. albicans), serum IgE levels, specific IgE
antibodies to house dust (HD) and C. albicans, bronchial sensitivity and leukotriene B4 (LTB4)
synthesis from peripheral venous blood in patients with DIA were not significantly different from
those in patients with non-DIA. In contrast, the frequency of positive skin reaction to HD and
histamine release from peripheral basophils by anti-IgE were significantly lower in DIA than in
non-DIA. These results agree with the reports that DIA was often observed in non-atopic asthma.
But, the mean value of serum IgE was very high in DIA as well as in non-DIA. This result sug-
gests that IgE mediated reaction in DIA is important. Furthermore, the proportion of neutrophils
in bronchoalveolar lavage fluid (BALF) was significantly lower in DIA than in non-DIA. Our
findings suggest that a decrease of intrapulmonary neutrophils might play an important role in the
pathophysiology of DIA.
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IgE-Mediated Allergic Reaction in Drug-Induced Asthma
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Division of Medicine, Misasa Medical Branch, Okayama University Medical School, 827 Yamada, Misasa, Tottori
682-01, Japan

Immunoallergological studies were carried out to clarify the differences between 24 patients with
drug-induced asthma (DIA) and 240 with non-drug-induced asthma (non-DIA). The mean values of
age, skin reaction to Candida albicans (C. albicans), serum IgE levels, specific IgE antibodies to
house dust (HD) and C. albicans, bronchial sensitivity and leukotriene B, (LTB,) synthesis from
peripheral venous blood in patients with DIA were not significantly different from those in patients
with non-DIA. In contrast, the frequency of positive skin reaction to HD and histamine release
from peripheral basophils by anti-IgE were significantly lower in DIA than in non-DIA. These
results agree with the reports that DIA was often observed in non-atopic asthma. But, the mean
value of serum IgE was very high in DIA as well as in non-DIA. This result suggests that IgE
mediated reaction in DIA is important. Furthermore, the proportion of neutrophils in bron-
choalveolar lavage fluid (BALF) was significantly lower in DIA than in non-DIA. Our findings
suggest that a decrease of intrapulmonary neutrophils might play an important role in the patho-
physiology of DIA.

Key words : drug allergy, aspirin-induced asthma, IgE-mediated reaction, chemical mediator, bronchoalveolar
lavage

While aspirin is useful as a non-steroidal anti- differences between DIA and non-DIA.

inflammatory drug, it has some adverse reactions. In
patients with bronchial asthma, it has been reported that
symptoms of an asthmatic attack were provoked by the
administration of aspirin (1, 2), and asthmatic patients
sensitive to aspirin have been diagnosed as having aspirin-
induced asthma (AIA). It has been reported that tartr-

Subjects and Methods

Subjects.  This is a retrospective study carried out in Janu-
ary 1990. There were 264 subjects (126 females and 138 males)

azine, reactive yellow 4, hydrocortisone succinate and
other drugs can elicite asthmatic symptoms (3-5). There-
fore, we defined the patients with bronchial asthma who
were sensitive to analgesics, artificial dyes, corticoster-
oids and other drugs, as having drug-induced asthma
(DIA).

Immunoallergological analysis of Igk mediated reac-
tion and bronchoalveolar lavage (BAL) were carried out in
patients with bronchial asthma to examine some

* To whom correspondence should be addressed.

with a mean age of 42.4 years (range, 4-85 years) treated in
Misasa Branch Hospital in this study. Asthmatic patients who had
a typical history of asthma attacks induced by non-steroidal
anti-inflammatory drugs, artificial dyes, steroid hormones or other
drugs that usually did not elicite asthmatic attack were defined as
DIA in this study. Asthmatics who had never experienced such an
asthmatic attack were defined as non-DIA i this study. The cases
whose history of asthma attacks induced by some drugs was
unclear were excluded in this study.

Skin test.  Skin tests were performed on the volar surface of
the forearm by intradermal injection of 0.02ml 1:10° HD and 1:
10* C. albicans dilution (w/v) of allergen extracts. Evaluations of
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skin tests were made after 20 min. Wheals greater than 9mm and
flares greater than 20mm were recorded as positive reactions.

IgE and specific IgE.  Serum levels of total IgE were
measured by a Pharmacia RIA kit and specific IgE antibodies to
HD and C. albicans were measured by a Pharmacia RAST RIA
kit.

Bronchial sensitivity.  Bronchial sensitivity to methacholine
was measured by the astograph method. The result was expressed
as a respiratory threshold to methacholine, Cyin (6).

Histamine release. ~ Histamine release from basophilic leuco-
cytes induced by anti-IgE was examined by the method described
by Tanizaki et al previously ( 7, 8). The results were expressed
as a percentage of the total histamine content.

Leukotriene B, synthesis.  Neutrophils-rich fraction was
separated from peripheral leukocytes by counterflow centrifugation
elutriation with a JE-6B rotor (Beckman). Then, the neutrophils-
rich fraction was adjusted to 5 X 10° cells/ml in Tris-ACM. One
g of Ca-ionophore A23187 was added into 1ml of the cell
suspended solution. The sample was incubated at 37°C for 15 min,
and added to 4ml of 100 % ethanol. After being centrifuged, the
supernatant was analyzed by high performance liquid chromatogra-
phy (HPLC). The sample was vacuum dried and resuspended in
250 u1 of HPLC solvent (CH;CN/H,O = 1:1). The resuspended
solution was applied to HPLC (C-18 reversed phase column,
detection 280nm) and LTB, was assayed (9).

Bronchoalveolar  lavage.  Bronchoalveolar lavage was
performed when patients were free of symptoms. Informed con-
sent for BAL examination was obtained from all the subjects. The
bronchoalveolar lavage fluid (BALF) taken by a bronchofiberscope
and filtered through sterile steel mesh was centrifuged at 1200 rpm
for 10 min at 4°C, and the cell pellet was resuspended in Tris-
ACM. Smear preparations were made using cell suspension. The
slide were air-dried and stained with May Giemsa for a differential
cell count. Analysis of cellular composition in the BALF was
performed by differentiating 500 cells. In the BAL cytological
analysis, basophilic leucocytes and mast cells were assessed as
basophilic cells (10).

Statistical analysis.  The Student’s # test was used for
comparing DIA with non-DIA, and results of skin test and
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radioallergosorbent test (Igc RAST) were analyzed by x° test.

Results

Twenty-four cases (14 females and 10 males) with a
mean age of 48.3+ 17.4 years (range, 13-67) were
diagnosed as having DIA of asthma attacks, including 18
cases (10 females and 8 males) of AIA. In this study, as
was seen in previous reports, middle-aged female cases
predominated, but there was no significant difference in
the mean values of patient age between DIA and non-DIA
(41.8 & 23.6 years) (11).

It is regrettable that the majority of the patients
studied here did not consult otorhinolaryngologists, so we
were unable to conduct precise comparisons of their nasal
symptoms.

Table 1 Immediate skin reaction to house dust and Candida albicans in
drug-induced asthma (DIA) and non-DIA

Number of patients showing positive
skin test/Total (%)

Antigen

DIA Non-DIA
House dust 7/24 (29.2) 118/204 (57.8)*
Candida albicans 10/23 (43.5) 81/167 (48.5)

*Significantly different between DIA and non-DIA (p < 0.02).

Table 2 Serum IgE in drug-induced asthma (DIA) and non-DIA
Types of asthma No. of Cases Serum IgE (IU/ml)
DIA 24 697 + 1511
Non-DIA 233 700 + 1053

Table 3 Specific IgE antibodies to house dust and Candida albicans in drug-induced asthma (DIA) and non-DIA
Number of patients
Antigen Tyrt)}?s of RAST score
asthma Positive/ Total (%)
0+ 1+ 2+ 3+ 4+
House dust DIA 13 0 4 2 0, 6/ 19 (31.6)
Non-DIA 96 8 19 67 16 102/206 (49.5)
Candida albicans DIA 20 0 4 0 0 4/ 24 (16.7)
Non-DIA 165 13 16 4 0 20/198 (10.1)

0+ ~1+: Negative; 2+ ~4-+, Positive.
RAST: Radioallergosorbent test.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/issb/5
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Fig. 1 Bronchial sensitivity (respiratory threshold to methacholine) by
astograph in drug-induced asthma (DIA) and non-DIA.

Skin test.  Immediate skin reaction to HD was
examined in 228 patients with asthma. The DIA group
had half the frequency of positive reaction to HD extract
as the non-DIA group, a significant difference. However,
there was no significant difference in skin reaction to C.
albicans in the 190 tested out of 264 (Table 1).

IgE and specific IgE.  The results of the study of
serum IgE in 257 patients with asthma showed no
significant difference between 24 cases of DIA and 233
cases of non-DIA (Table 2).

Specific Igke antibodies to HD were examined in 225
subjects. The percentage of RAST-positive cases to HD
was 31.6 in the DIA group, and 49.5 in the non-DIA
group. The RAST score for C. albicans was examined in
222 cases. RAST-positive cases to C. albicans were 16.7
% in the DIA group, and 10.1 % in the non-DIA group.
There was no significant difference between the groups
(Table 3).

Bronchial  sensitivity.  Bronchial sensitivity was
studied in only 50 asthmatics. The mean value of the
respiratory threshold to methacholine, using logarithmic
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Fig. 2  Histamine release from basophils in drug-induced asthma (DIA)
and non-DIA. Broken line represents 15 %. Histamine release more than 15
% was judged as significant.

analysis, was 1016 #g/ml in 10 cases of DIA and 452
pg/ml in 40 cases of non-DIA (Fig.1).

Histamine release.  Histamine release from baso-
phils by anti-IgEE was carried out in 108 subjects. The
mean value of histamine release was 19.3 == 20.2 % in 16
cases of DIA and 31+ 20.3 % in 92 cases of non-DIA.
A significant amount of histamine (more than 15 %) was
released in 6 cases (37.5 %) of DIA, and 68 cases (73.8
%) of non-DIA. Patients with large amounts of histamine
release were more numerous in non-DIA than in DIA
(Fig, 2).

Leukotriene B, synthesis. LTB, synthesis from
peripheral leukocytes was measured in 59 asthmatics.
The mean value of L.TB, was 32.4 + 14.8ng/10° cells in
patients with DIA, and 37.6 & 25.7ng/10° cells in those
with non-DIA. There was no significant difference
between the two groups (Fig. 3).

Bronchoalveolar lavage.  BAL was carried out in 74
cases. The proportion of neutrophils in the BAL was
23+23% in DIA and 7.1+ 159% in non-DIA, a
significant difference. The results of the tests of the other
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Fig. 3 Leukotriene B, synthesis from peripheral leucocytes in drug-

induced asthma (DIA) and non-DIA.

P <0.054

50
Mac Lym Neut . Eos
Fig. 4 Cellular components of the bronchoalveolar lavage fluid (BALF)

of drug-induced asthma (DIA) (; n=14) and non-DIA (
n = 60). Mac, Macrophages; Lym, lymphocytes; Neut, neutrophils; Eos,
eosinophils.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/iss5/5

Kitani e? al

cell components in BALF showed no difference between
them (Fig. 4).

Discussion

It has been reported that AIA often appears in
middle-aged, non-atopic and female subjects, and has
often been associated with nasal polyps (2, 11).

Exposure to several chemicals, artificial dyes and
some drugs, that are structurally unrelated to aspirin can
induce “‘aspirin-like” reactive symptoms. The structural
dissimilarity of those compounds is so obvious that im-
munological cross-reactivity appears unlikely (11, 12-14).
We defined both AIA and the bronchial asthma induced
by some chemicals or drugs as “drug-induced asthma”,
and studied it immunoallergologically.

The DIA group had a lower frequency of positive skin
reaction to HD, and a smaller amount of histamine release
than did the non-DIA group. There were no differences
between the groups in production of serum IgE and
specific IgE antibodies to HD and C. albicans. However,
the mean value of serum IgE was very high in DIA and
non-DIA specimens. This result suggests that Igk
mediated reaction in DIA is important, and some non-
atopic asthmatic responses were observed in DIA.

There was no difference between the two groups in
terms of bronchial sensitivity, which confirms other
reports on AIA (15).

Although there was no difference of L.TB, synthesis
from peripheral neutrophils between DIA and non-DIA in
this study, it might be necessary to extend this evaluation
to other leukotrienes.

The proportion of neutrophils in the BAL was 2.3 %
in DIA, and 7.1 % in non-DIA. There was a significant
difference between the two groups, although no difference
was found in the analyses of macrophages, lymphocytes,
eosinophils or basophilic cells.

The mechanism of adverse reaction to aspirin and
some other anti-inflammatory drugs remains unknown. In
1971, Vane found that indomethacin and aspirin inhibit
prostaglandin biosynthesis, and postulated that aspirin-
like drugs exert their anti-inflammatory effects through
this mechanism of action (16). Subsequently, Szczeklik
et al attributed the acute asthmatic attack in aspirin-
sensitive patients to the inhibition of prostaglandin
biosynthesis (17). The most common theory to explain
the mechanism of AIA is that the asthma attack is elicited



Kitani et al.: IgE-mediated allergic reaction in drug-induced asthma.

Drug-Induced Asthma

as a result of the increase of SRS-A by the activation of
the lipoxygenase pathway following the inhibition of
cyclooxygenase (18). In 1990, Ameisen et al reported
that in the presence of aspirin, platelets from aspirin-
sensitive asthmatics released free oxygen radicals, and
assumed that this phenomenon was related to cycloox-
ygenase inhibition (19). Recently, Guez et al reported
aspirin diminished the lymphocyte proliferative factors
from aspirin-sensitive asthmatics (20).

Although we cannot find any direct correlation
between the above-mentioned data and the decrease of the
BAL neutrophils in the DIA specimens, it is almost
certain that neutrophils of the airway play an important
role in the pathophysiological mechanisms of DIA. There
might be a possibility that a decrease in quality and
quantity of specific cytokines released from BAL neutro-
phils elicited asthmatic attack. Therefore, we need to pay
more attention to chemical mediators and cytokines
released or synthesized from intrapulmonary neutrophils.

References

1. Mathison DA and Stevenson DD: Hypersensitivity to nonsteroidal
antiinflammatory drugs: Indications and methods for oral challenges. J
Allergy Clin Immunol (1979) 64, 669-674.

2. Lee ML: Aspirin sensitivity, nasal polyposis, and asthma. Bull
Geisinger Med Center (1968) 20, 125-133.

3. Freedman BJ: Asthma induced by sulphur dioxide, benzoate and
tartazine contained in orange drink. Clin Allergy (1977) 7, 407 415.

4. Mendelson LM, Meltzer EQ and Hamburger RN: Anaphylaxis-like
reaction to corticosteroid therapy. J Allergy Clin Immunol (1974) 54,
125-131.

5. Chafee FH and Settipane GA: Asthma caused by FD&C approved
dyes. J Allergy (1967) 40, 65-72.

6. Takishima T, Hida W, Sasaki H, Suzuki S and Sasaki T: Direct-
writing recorder of the dose response curves of the airway to metha-
choline. Chest (1981) 80, 600-606.

7. Tanizaki Y, Komagoe H, Sudo M, Morinaga H, Kitani H, Goda Y,

Produced by The Berkeley Electronic Press, 1993

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

321

Tada S, Takahashi K and Kimura I: IgE-mediated histamine release
from whole blood in atopic asthmatics. Jpn J Allergol (1983) 32, 1079
1083.
Tanizaki Y, Komagoe H, Morinaga H, Kitani H, Goda Y and Kimura
I: Allergen-and anti-IgE-mediated histamine release from whole blood.
Int Archs Allergy Appl Immunol (1984) 73, 141-145.
Tanizaki Y, Sudo M, Kitani H, Kawauchi K, Mifune T, Takahashi K
and Kimura [: Release of heparin-like substance and histamine from
basophilic leucocytes separated by counterflow centrifugation elutriation.
Jpn J Med (1990) 29, 356-361.
Tanizaki Y, Kitani H, Okazaki M, Mifune T, Mitsunobu F, Ochi K
and Harada H: Cellular composition in the airway of patients with
house dust sensitive asthma, classified by clinical symptoms. Intern
Med (1992) 31, 333-338.
Samter S and Beers REFJr: Intolerance to aspirin: Clinical studies and
consideration to its pathogenesis. Ann Intern Med (1968) 68, 975-983.
Yurchak AM, Wicher K and Arbesman CE: Immunologic studies on
aspirin: Clinical studies with aspiryl-protein conjugates. J Allergy
(1970) 46, 245-253.
Smith AP: Response of aspirin-allergic patients to challenge by some
analgesics in common use. Br Med J (1971) 29, 494 496.
Sakakibara H, Suetsugu S, Saga T, Handa M, Suzuki M, Doizoe T,
Tsuda M, Horiguchi T, Konishi Y and Umeda H: Bronchial hyperre-
sponsiveness in aspirin induced asthma. Jpn J Thoracic Dis (1988) 26,
612-619 (in Japanese).
Settipane GA  and Pudupakkam RK: Aspirin intolerance. IIIL
Subtypes, familial occurrence, and cross-reactivity with tartrazine. J
Allergy Clin Immunol (1975) 56, 215-221.
Vane JR: Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs. Nature (1971) 231, 232-235.
Szczeklik A, Gryglewski RJ and Czerniawska-Mysik G: Relationship
of inhibition of prostaglandin biosynthesis by analgesics to asthma
attack in aspirin-sensitive patients. Br Med J (1975) 1, 67-69.
Jakschik B and Parker CW: Probable precursor role for arachidonic
acid (AA) in slow reacting substance (SRS) biosynthesis. Clin Res
(1976) 24, 575A.
Ameisen JC, Capron A, Joseph M, Maclou J, Vorng H, Pancre V,
Fournier E, Wallaert B and Tonnel B: Aspirin-sensitive asthma:
Abnormal platelet response to drugs including asthmatic attacks. Int
Arch Allergy Appl Immunol (1985) 78, 438 448.
Guez S, Gualde N, Bezian JH and Cabanieu G: In vitro study of
platelets and circulating mononuclear cells of subjects presenting an
intolerance to aspirin. Int Arch Allergy Appl Immunol (1992) 97, 233
-236.

Received December 7, 1992; accepted June 11, 1993.



