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ABSTRACT:  Cyclooxygenase products are released by chronic airway inflam-
mation.  Our working hypothesis for the present study was  that prostanoids aug-
ment airway cough sensitivity.

The effects of a cyclooxygenase inhibitor, indomethacin (100 mg·day-1 for 4 days),
and a thromboxane synthesis inhibitor, OKY-046 (400 mg·day-1 for 4 days), on
cough response to inhaled capsaicin were examined in eight patients with asthma,
10 patients with chronic bronchitis, and 10 normal subjects.  Capsaicin cough thresh-
old, the lowest concentration of capsaicin eliciting five or more coughs, was mea-
sured as an index of airway cough sensitivity.

In asthmatics, the cough thresholds with indomethacin treatment (15.7 (GSEM 1.38)
µM) and OKY-046 (10.2 (GSEM 1.20) µM) were significantly greater than the value
with placebo (6.05 (GSEM 1.25) µM).  In patients with chronic bronchitis, the cough
threshold was significantly greater with indomethacin (5.94 (GSEM 1.50) µM) than
with placebo (3.41 (GSEM 1.33) µM and OKY-046 2.97 (GSEM 1.43) µM).  In normal
subjects, the capsaicin cough threshold was not altered by indomethacin or OKY-
046 treatment.

These results support our hypothesis and suggest that thromboxane A2 may be
one of the cyclooxygenase products augmenting airway cough sensitivity in asthma,
but not in chronic bronchitis.
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Cough is a major manifestation of respiratory disease.
Cough reflex testing has been used to study the patho-
physiology of the cough reflex and the antitussive effects
of various drugs.  Capsaicin, which is the active ingre-
dient of red pepper, is a commonly used cough receptor
stimulant, and has been presumed to produce cough
mainly by stimulating C-fibre endings [1–3].  We have
previously reported that airway cough sensitivity to inha-
led tartaric acid was heightened in patients with chro-
nic bronchitis but not bronchial asthma, compared with
normal subjects [4].  As bronchial asthma consists of
chronic airway inflammation with eosinophils and lym-
phocytes [5], and since neutrophil and lymphocyte infil-
tration into the airway wall is seen in chronic bronchitis
[6], these two airway diseases involve chronic airway
inflammation.

We have also shown that bronchial responsiveness to
methacholine is reduced by indomethacin in patients with
chronic bronchitis, and by a thromboxane synthetase
inhibitor OKY-046 in asthmatic patients [7].  In addi-
tion, it has been shown that prostaglandin E2 and F2α
augment cough induced by capsaicin in normal subjects
[8, 9].  From these findings, we hypothesized that cyclooxy-
genase products, including thromboxane A2 (TxA2), as
inflammatory mediators may modulate airway cough

sensitivity.  Indeed, our preliminary study [10] showed
that cough sensitivity to inhaled capsaicin was reduced
by indomethacin in patients with chronic bronchitis.  This
study was designed to clarify the hypothesis.  Therefore,
the effects of a cyclooxygenase inhibitor, indomethacin,
and a selective thromboxane synthetase inhibitor, OKY-
046 [11], on cough induced by inhaled capsaicin were
examined in patients with asthma and chronic bronchi-
tis and in normal subjects.

OKY-046 is a selective thromboxane synthetase inhibi-
tor [11].  It is named as ozagrel hydrochloride (Domenan®
Kissei Pharmaceuical Co., Ltd., Matsumoto, Japan, Bega®,
Ono Pharmaceutical Co., Ltd., Osaka, Japan), and has been
prescribed as an anti-asthma drug since June 1992 in Japan.
The dose of 400 mg·day-1 tested in this study is the usual
dose recommended to treat asthma.  It has been proved
by Phase II and III study for treatment of asthma.

Subjects and methods

Subjects

Eight patients with asthma (6 males and two females),
with a mean age of 62 (range 52–72) yrs, 10 patients
with chronic bronchitis (6 males and 4 females), with a



mean age of 64 (range 33–79) yrs, and 10 normal sub-
jects (5 males and 5 females), with a mean age of 56
(range 43–74) yrs, participated in this study.  All sub-
jects were lifetime nonsmokers or ex-smokers with no
history of viral infection for at least 4 weeks prior to the
study.  Baseline pulmonary function data in patients with
asthma and chronic bronchitis and in normal subjects are
shown in table 1.  Informed consent was obtained from
all subjects.  This study was approved by the Ethics
Committee of our university hospital.

Each asthmatic patient satisfied the American Thoracic
Society (ATS) definition of asthma, with symptoms of
episodic wheezing, cough, and shortness of breath res-
ponding to bronchodilators, and reversible airflow obstruc-
tion documented on at least one previous pulmonary
function study [6].  Reversibility was defined as a greater
than 15% increase in the forced expiratory volume in
one second (FEV1) following a bronchodilator inhala-
tion [12].  The mean value (±SEM) of % increase in FEV1
by inhalation of salbutamol (300 µg) was 29 (±8) % in
the eight patients.  All patients had intrinsic asthma with
no familial history of allergic diseases, no increased lev-
els of specific immunoglobulin E (IgE) antibodies, and
no positive skin test to 10 common allergens.

Although all patients with chronic bronchitis satisfied
the definition recommended by the ATS [6], they were
diagnosed as sinobronchial syndrome.  Sinobronchial syn-
drome is a common bronchial disorder in Japan, which
is not related to smoking.  We provide some details, as
it is not recognized as a diagnostic category by the ATS.

Sinobronchial syndrome is defined as a coexisting chro-
nic sinusitis and nonspecific chronic inflammatory lesion
of the lower airways presenting with expectoration (e.g.
chronic bronchitis, diffuse bronchiectasis, and diffuse
panbronchiolitis [13]).  SUZAKI et al. [14] reported that
the sinobronchial syndrome was found in 10% of 309
patients with chronic sinusitis and in 55% of 74 patients
with chronic lower respiratory infectious diseases.  They
suggested that there is a gene controlling the suscepti-
bility to sinobronchial syndrome, especially diffuse pan-
bronchiolitis, which was significantly associated with
human leucocyte antigen (HLA)-Bw54; this was found
specifically in Japanese and not in Caucasians.  The
obstructive form of sinobronchial syndrome is known as
"diffuse panbronchiolitis" [13].

Recognition of the sinobronchial syndrome is very
important in Japan because long-term, low dose ery-
thromycin therapy is specifically effective [15], as in-
haled steroid therapy is for bronchial asthma.  In our
patients, diagnosis of the sinobronchial syndrome was
based on the following criteria: 1) recurrent productive
cough for at least 3 months over two consecutive years;
2) chronic sinusitis; 3) lack of a history of wheezing or
asthma; 4) lack of significant emphysema documented
on chest computed tomographic scan.  A diagnosis of
chronic sinusitis was based on symptoms (postnasal drip,
nasal discharge, and nasal obstruction), physical exami-
nation, and radiography.

Clinical characteristics of our patients are shown in
table 1.  None had perennial or vasomotor rhinitis.  They
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Table 1.  –  Characteristics of patients with asthma or chronic bronchitis

Patient Age Sex Height Weight Smoking Sinus Sputum Treatment
No. yrs cm kg radiograph* bacteria

Asthma
1 72 M 162 57 Never ++ - Theo, Clen, Carbo
2 64 F 156 70 Never NT - Theo, Carbo, Pro
3 60 M 161 54 Never + - Carbo, Pro
4 59 M 170 51 Never - - Carbo, Pro
5 63 M 166 65 Ex (1) - - Theo, Carbo, Pro
6 62 F 147 60 Never - - Theo, Clen, Carbo, Pro
7 61 M 164 58 Ex (3) - - Theo, Carbo, Pro
8 52 M 158 74 Ex (1) + - Theo, Clen, Carbo

Chronic bronchitis
9 65 M 160 58 Never +++ St, H Carbo, EM
10 79 M 154 52 Ex (17) +++ St Carbo, Amb, EM
11 72 F 148 53 Never ++ H Carbo
12 75 F 151 41 Never +++ H Carbo, EM
13 71 M 170 65 Never ++ H Carbo
14 71 M 168 74 Ex (7) +++ K Carbo, EM
15 63 M 177 75 Never +++ B Carbo
16 48 M 150 52 Ex (5) ++ H Carbo
17 33 F 162 48 Never ++ H Carbo
18 60 F 147 50 Never +++ H Carbo, EM

Difference NS NS NS NS NS p<0.001

Never:  lifetime nonsmoker;  Ex:  ex-smoker (years after cessation in parenthesis).  *:  +++ = severe;  ++ = moderate;  + = mild;
- = negative regarding abnormal findings on sinus radiograph.  H:  Haemophilus influenzae;  St:  Streptococcus pneumoniae;  B:
Branhamella catarrhalis;  K:  Klebsiella pneumonia cultured from sputum.  Theo:  theophylline;  Pro:  inhaled procaterol on
demand;  Clen:  clenbuterol; Carbo: carbocisteine;  Amb: ambroxol;  EM: long-term, low dose erythromycin (300–600 mg·day-1).



were taking oral mucolytic agents, such as carbocisteine
and ambroxol, but not theophylline, β2-adrenoceptor sti-
mulants, or steroids.  The mean value (±SEM) of % increase
in FEV1 by inhalation of salbutamol (300 µg) was 3.3
(±1.2) % in the 10 patients.

Normal subjects were chosen when they had no respira-
tory symptom, such as cough, sputum, wheeze, dyspnoea
attack, nasal obstruction, nasal discharge or postnasal
drip, on the questionnaire.

This study was carried out when symptoms were mild
and stable, while patients were taking oral theophylline
(Theo-Dur®, Nikken Chemical Co., Ltd., Tokyo, Japan),
oral (short-acting clenbuterol) and/or aerosol β2-agonists
(short-acting procaterol) and/or mucolytic agents (car-
bocisteine) (table 1).  They had not received inhaled or
oral steroid therapy for at least 8 weeks.

Assessment of cough receptor sensitivity to inhaled cap-
saicin

Cough receptor sensitivity was measured by capsaicin
provocation test [16].  Capsaicin (30.5 mg) was dissolved
in Tween 80 (1 mL) and ethanol (1 mL) and then dis-
solved in physiological saline (8 mL) to make a stock
solution of 1×10-2 M, which was stored at -20°C.  This
solution was diluted with physiological saline to make
solutions starting at a concentration of 0.49 µM and
increasing by doubling concentrations up to 1000 µM.
Each subject inhaled a control solution of physiological
saline followed by progressively increasing concentra-
tions of the capsaicin solution.  Solutions were inhaled
for 15 s every 60 s, by tidal mouth-breathing wearing a
noseclip from a Bennett Twin nebulizer (3012-60cc,
Puritan-Bennett Co., Carlsbad, California, USA).  Increa-
sing concentrations were inhaled until five or more
coughs were elicited.  The nebulizer output was 0.21
mL·min-1.  Capsaicin-induced cough number was count-
ed by a blinded medical technician in our pulmonary
function laboratory.  Cough threshold was defined as the
lowest concentration of capsaicin that elicited five or
more coughs.

Study protocol

In patients with asthma and chronic bronchitis, the
medication was stopped at 9.00 p.m. on the previous day
to allow a washout time of 12 h or more before the mea-
surements of cough threshold to inhaled capsaicin at
10.00 a.m. on each test day.

Each subject attended on 3 days, separated by 14 days,
at the same time of day.  Treatment with indomethacin,
OKY-046, and placebo was performed in a double-blind,
randomized, cross-over fashion.  Indomethacin capsule
(25 mg) was given orally four times a day for 3 days,
and at 8.00 a.m. on the 4th day (test day).  OKY-046
tablet (200 mg) was taken orally twice a day for 3 days,
and at 8.00 a.m. on the test day.  FEV1 was measured
on a dry wedge spirometer (Transfer Test, P.K. Morgan
Ltd, UK) before capsaicin challenge to assess bron-
choactive effect of the treatment regimens.

Data analysis

Capsaicin cough threshold values were expressed as
geometric means with the geometric standard error of
the mean (GSEM).  FEV1 was shown as arithmetic mean
value±SEM.  The cough threshold values and the FEV1
values were compared between the three treatment regi-
mens by the Wilcoxon's signed rank test.  To assess the
difference in the cough threshold between any pair of
patients with asthma, patients with chronic bronchitis,
and normal subjects, the Mann-Whitney U-test was
employed.  To compare the changes in cough threshold
induced by indomethacin or OKY-046 as compared to
the value with placebo between patients with asthma and
chronic bronchitis and normal subjects, the ratio of the
cough threshold with indomethacin or OKY-046 to the
cough threshold with placebo was compared by analy-
sis of variance (ANOVA) followed by Fisher's Protected
Least Significant Difference (PLSD).  In assessing the
correlations of cough threshold to age, height, weight,
forced vital capacity (FVC), FEV1 and FEV1/FVC ratio,
Spearman rank correlation analysis was employed.  A p-
value of 0.05 or less was taken as significant.

Results

Geometric mean value of the cough threshold to inhaled
capsaicin after treatment with placebo was 6.05 (GSEM

1.25), 3.41 (GSEM 1.33) and 20.6 (GSEM 1.46) µM in
patients with asthma and chronic bronchitis and normal
subjects, respectively.  The value was significantly lower
in patients with asthma (p<0.02) and bronchitis (p<0.01)
than in normal subjects.  There was no significant dif-
ference in the cough threshold between asthmatic and
bronchitic patients.
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Fig. 1.  –  Effect of indomethacin and OKY-046 on the capsaicin
cough threshold in eight patients with asthma.  Capsaicin cough thresh-
old was defined as the lowest concentration of capsaicin solution elici-
ting five or more coughs.  Each horizontal bar represents geometric
mean value.  Differences in the cough threshold among treatments
with indomethacin, OKY-046 and placebo were analysed by Wilcoxon
signed rank test.



In asthmatic patients, the cough thresholds after the
indomethacin treatment (15.7 (GSEM 1.38) µM) and OKY-
046 treatment (10.2 (GSEM 1.20) µM) were significantly
greater than the value after the placebo (6.05 (GSEM 1.25)
µM) (p<0.02 and p<0.05, respectively).  The value with
the indomethacin treatment was not significantly (0.05
< p < 0.1) different from that with the OKY-046 treat-
ment (fig. 1).  FEV1 value was 1.71±0.16, 1.66±0.20 and
1.65±0.16 L after treatment with indomethacin, OKY-
046 and placebo, respectively.  There were no signifi-
cant differences between any pair of these values.

In patients with chronic bronchitis, the cough thresh-
old after the indomethacin treatment (5.94 (GSEM 1.50)
µM) was significantly (p<0.05 and p<0.05) greater than
the values after the placebo and OKY-046 treatments
(2.97 (GSEM 1.43) µM).  These values were not different
between the placebo and OKY-046 treatments (fig. 2).
FEV1 value was 2.12±0.19, 2.14±0.19 and 2.11±0.17 L
after treatment with indomethacin, OKY-046 and place-
bo, respectively.  There were no significant differences
between any pair of these values.

In normal subjects, the capsaicin cough threshold was
19.3 (GSEM 1.39), 19.3 (GSEM 1.49) and 20.6 (GSEM 1.46)
µM after the treatment with indomethacin, OKY-046
and placebo, respectively.  There were no significant dif-
ferences between these values (fig. 3).  FEV1 values
were 2.68±0.26, 2.70±0.25, and 2.67±0.25 L with in-
domethacin, OKY-046, and placebo, respectively, and
these values did not differ from each other.

Changes in the cough threshold by treatment with
indomethacin or OKY-046 in relation to the value with
placebo in the three groups are summarized in table 2.
The change with the indomethacin treatment was sig-
nificantly (ANOVA, p<0.01) different between the three
groups: the value being significantly greater in asthmat-
ic patients (p<0.01) and in bronchitic patients (p<0.05)
as compared with normal subjects.  Although there was
no significant difference (0.05 < p < 0.1) in the change
in cough threshold with OKY-046 between the three
groups using ANOVA, the value was greater in patients
with asthma than in patients with chronic bronchitis
(p<0.05) and normal subjects (0.05 < p < 0.1).

Table 3 summarizes differences in age, height and
pulmonary function between any pair of three groups
and results of simple regression analysis between the
cough threshold and these parameters.  Logarithmic value
of capsaicin cough threshold significantly correlated to
FVC but not to the other parameters when analysed in
all subjects.
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Fig. 2.  –  Effect of indomethacin and OKY-046 on the capsaicin
cough threshold in 10 patients with chronic bronchitis.  Capsaicin
cough threshold was defined as the lowest concentration of capsaicin
solution eliciting five or more coughs.  Each horizontal bar represents
geometric mean value.  Differences in the cough threshold among treat-
ments with indomethacin, OKY-046 and placebo were analysed by
Wilcoxon signed rank test.  NS:  not significant.

Table 2.  –  Changes† in capsaicin cough threshold with indomethacin and OKY-046 treatments in relation to placebo
treatment in patients with asthma and chronic bronchitis and normal subjects

Treatment Asthma Chronic Normal p-value
bronchitis control

Indomethacin 2.60 (1.25)** 1.74 (1.25)* 0.93 (1.21) p<0.01
OKY-046 1.68 (1.24)+ 0.93 (1.21) 1.00 (1.20) 0.05 < p < 1.0

†:  Data are presented as geometric mean value (geometric standard error of the mean) for the ratio of cough threshold with
indomethacin or OKY-046 to cough threshold with placebo.  Differences among three groups were analyzed by analysis of vari-
ance (ANOVA).  **:  p<0.001 and *:  p<0.04, compared with control group;  +:  p<0.05 compared with bronchitis group and 0.05
< p < 0.1 compared with control group by Fisher's Protected Least Significant Difference (PLSD) following ANOVA.

Fig. 3.  –  Effect of indomethacin and OKY-046 on the capsaicin
cough threshold in 10 normal subjects.  Capsaicin cough threshold was
defined as the lowest concentration of capsaicin solution eliciting five
or more coughs.  Each horizontal bar represents geometric mean value.
NS:  not significant.
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Discussion

This study has shown that the cyclooxygenase inhibitor
indomethacin increases the cough threshold to inhaled
capsaicin in patients with asthma or chronic bronchitis,
but not in normal subjects.  A thromboxane synthesis
inhibitor provided protection only in patients with asth-
ma.  These findings suggest that cyclooxygenase prod-
ucts lower the cough sensitivity in inflammatory airway
diseases.

Cough usually results from the stimulation of sensory
nerves in the airway [17].  The larynx has two types of
cough receptors: myelinated irregularly firing irritant
receptors [18], and nonmyelinated C fibre endings [19].
The tracheobronchial tree has also two types of cough
receptors: myelinated rapidly adapting receptors (or "irri-
tant receptors") [20], and nonmyelinated bronchial C fibre
endings [21].  It has been postulated that capsaicin, the
active ingredient of red pepper, produces cough mainly
by stimulating C fibre endings [1–3], but as capsaicin
also stimulates some rapidly adapting receptors with
myelinated fibres, this view has been questioned [17].
Inhaled capsaicin probably acts mainly on the larynx,
trachea and major bronchi, which are areas of the great-
est sensitivity for provocation of cough [22, 23].  Although
the larynx may be the initial site of cough stimulation,
the sublaryngeal airways may also contribute to the
response, as we have found that laryngectomised pati-
ents cough when they inhale capsaicin through their
tracheotomy tubes.

Cough reflex testing using capsaicin has been com-
monly used for studies on the pathophysiology of cough
reflex and antitussive effects of drugs.  In normal sub-
jects, the reproducibility of the dose-response curve for
capsaicin-induced cough has been well established when
the challenge is repeated at an interval of more than 15
min [24].  Recently, MIDGREN et al. [25] have confirmed
the reproducibility of sensitivity as well as of the dose-
response curve for capsaicin-induced cough.

In this study, the cough threshold after placebo treat-
ment was significantly lower in patients with asthma and
chronic bronchitis than in normal subjects.  Although it
agrees with our previous report [4] that the cough thres-
hold to inhaled tartaric acid was significantly lower in
patients with chronic bronchitis as compared to normal
subjects, the lower cough threshold in asthma is seem-
ingly in contrast with previous reports that the cough
reflex is not hypersensitive in asthmatics as compared
with normal subjects [4, 24, 26].  Although it is known
that cough sensitivity is greater in women than in men
[27], the number of females was less in the asthmatics
as compared with the normal subjects in this study.  The
capsaicin cough threshold was significantly correlated
to FVC but not to other pulmonary functions, height or
ageing.  FVC was smaller in asthmatics than in normals,
whilst the difference was not significant.  The smaller
FVC seems to be responsible for the lower cough thres-
hold in asthmatics, but we do not know the exact rea-
son for the lowered cough threshold in asthma in this
study.

The present study showed that treatment with indome-
thacin significantly reduced the cough sensitivity to inhaled
capsaicin in patients with asthma and chronic bronchi-
tis, and the change in cough threshold with indomethacin
from the value with placebo was significantly greater in
both groups as compared to that in normals.  The OKY-
046 treatment reduced the cough sensitivity only in asth-
matic patients.  As neither indomethacin nor OKY-046
treatment changed the cough response in normal sub-
jects, it is thought that these two treatments have no
nonspecific or direct effect on the cough reflex.  Our
earlier studies [7, 28, 29] showing that the thromboxane
synthetase inhibitor, OKY-046, and a thromboxane A2
receptor antagonist, AA-2414, but not the cyclooxyge-
nase inhibitor, indomethacin, reduced bronchial respon-
siveness to methacholine in patients with asthma indicate
that thromboxane A2 is continuously released by asth-
matic chronic airway inflammation.
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Table 3.  –  Pulmonary function of studied subjects

Asthma Chronic Normal Correlation to
bronchitis control cough threshold##

Age  yrs 62±2.0 64±4.4 56±3.4 r=-0.341, NS

Sex  M/F# 6/2 6/4 5/5 NT
Height  cm 160.5±2.5 158.7±3.3 159.3±3.1 r=0.284, NS

FVC  L 2.79±0.28 2.97±0.28 3.36±0.27 r=0.434, p<0.05
FVC  % pred 87±7 99±5 103±5 r=0.143, NS

FEV1 L 1.65±0.16* 2.11±0.17 2.68±0.25 r=0.391, NS

FEV1 % pred 63±7** 85±5* 103±6 r=0.220, NS

FEV1/FVC ratio  % 61±4** 72.7±2.8 81.2±2.9 r=0.056, NS

Airway reversibility  %$ 29.2±2.9++ 3.3±1.2 NT r=0.228, NS

Airway responsiveness†  mg·mL-1 0.26 (1.63)++ 14.2 (1.46) NT r=0.450, NS

Data are presented as mean±standard error of the mean (SEM).  Differences were analysed by Mann-Whitney U-test and # by Chi-
squared test.  *:  p<0.05 and **:  p<0.01 compared with normal control;  ++:  p<0.01 compared with bronchitis patients.  $:  per-
centage increase in FEV1 by inhalation of 300 µg of salbutamol;  †:  provocative concentration (mg·mL-1) of methacholine causing
20% or more fall in FEV1 and shown as geometric mean value (geometric standard error of the mean).  NT:  not tested.  NS:  not
significant;  FVC:  forced vital capacity;  FEV1:  forced expiratory volume in one second;  % pred:  percentage of predicted;  M:
male;  F:  female.  ##:  results of simple regression analysis between the cough threshold and each parameter studied in all subjects,
except for airway reversibility and airway responsiveness, which were analysed in patients with asthma and chronic bronchitis only.



Bronchoprotective prostanoids, such as prostaglandin
I2 and E2, are also produced in the airway of asthma.
We also reported that indomethacin reduced bronchial
responsiveness to methacholine in patients with chronic
bronchitis, but not in normal subjects [7].  This indicates
that cyclooxygenase products are continuously released
by chronic airway inflammation of chronic bronchitis,
resulting in potentiation of bronchial responsiveness.
Taken together, these findings support our hypothesis
that, both in asthma and chronic bronchitis, cyclooxy-
genase products released in the inflamed airways sensi-
tize the cough receptors to capsaicin.  Indeed, it has been
demonstrated that prostaglandin E2 and F2α, which are
cyclooxygenase metabolites, potentiate cough induced by
capsaicin in normal subjects [8, 9].

In asthmatic patients, the attenuating effect of indome-
thacin on the capsaicin-induced cough tended to be stron-
ger than that of OKY-046, and the cough threshold with
the indomethacin treatment increased nearly to the level
of normal subjects.  It is well-known that thromboxane
synthetase inhibitors, such as OKY-046, not only inhi-
bit thromboxane synthesis but also augment the produc-
tion of other prostanoids, such as prostaglandin E2 and
F2α [11].  This may be responsible for our result show-
ing that indomethacin was superior to OKY-046 in
attenuating cough sensitivity to capsaicin in asthmatic
patients.  Accordingly, it is likely that endogenous throm-
boxane A2 is a modulator of cough sensitivity in asth-
ma.  Further studies are needed to clarify this issue, by
using specific thromboxane receptor antagonists.  On the
other hand, the increase in cough threshold to capsaicin
with the OKY-046 treatment was seen in only half of
our asthmatics (fig. 1).  It is possible that the involve-
ment of thromboxane A2 in cough threshold in asthma
is significant in some patients but not in others, as we
have reported that thromboxane inhibitors clearly im-
prove bronchial hyperresponsiveness in only 30–50% of
patients with asthma [7, 28, 29].

Although the improvement of cough response to in-
haled capsaicin with indomethacin was statistically sig-
nificant in patients with chronic bronchitis, the improved
cough threshold was still lower than that of normal
subjects, and the improvement was seen in only five indi-
viduals but not in the other five patients (fig. 2).  This
indicates that prostaglandins may not be involved in all
patients with chronic bronchitis, and other factors may
contribute to the heightened cough reflex in those pati-
ents.

Involvement of cyclooxygenase products in the cough
reflex to inhaled capsaicin has also been shown in pati-
ents with cough produced by inhibitors of angiotensin
converting enzyme but not in patients with idiopathic
dry, unproductive cough [30].  Thus, it remains unclear
whether the same mechanism operates in other chronic
inflammatory airway diseases, such as eosinophilic bron-
chitis without asthma.

In conclusion, this study indicates that cyclooxygenase
products augment airway cough sensitivity in both bronchial
asthma and chronic bronchitis, and that thromboxane A2
may be one of these products in asthma but not in chro-
nic bronchitis.
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