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Cough receptor sensitivity to capsaicin does not change
after allergen bronchoprovocation in allergic asthma
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Background: The relationship between cough receptor sensitivity and eosinophilic inflammation of the
airway in patients with asthma remains unclear.
Methods: Eighteen patients with asthma sensitised to house dust mite (HDM) were enrolled in a ran-
domised parallel group study. Patients with asthma whose main symptom was cough were not enrolled
in the study. Half the patients were randomly assigned to inhale saline and the other half to inhale HDM
allergen. Cough receptor sensitivity to capsaicin, airway responsiveness to histamine, and sputum eosi-
nophils analysed with hypertonic saline inhalation were investigated before and 24 hours after saline
or HDM allergen bronchoprovocation.
Results: Patients inhaling saline showed no significant changes in sputum eosinophils (from 7.87%
(95% confidence interval (CI) 5.08 to 12.19) to 8.60% (95% CI 3.03 to 14.18); p=0.97), airway
responsiveness to histamine (from 726.68 µg/ml (95% CI 251.90 to 2096.36) to 773.01 µg/ml
(95% CI 251.36 to 2377.23); p=0.96), or capsaicin sensitivity (from 7.23 µM (95% CI 2.45 to
21.31) to 7.24 µM (95% CI 2.46 to 21.31); p=0.96). Early asthmatic response was induced in all
patients, and late asthmatic response was observed in six of nine patients inhaling HDM allergen.
Although there were significant increases in sputum eosinophils (from 9.83% (95% CI 6.78 to 14.27)
to 21.00% (95% CI 13.85 to 28.15); p<0.01) and airway responsiveness to histamine (from
784.16 µg/ml (95% CI 318.24 to 1932.24) to 377.81 µg/ml (95% CI 118.43 to 1205.24);
p<0.05) 24 hours after HDM allergen inhalation compared with baseline levels, capsaicin sensitivity
did not change significantly (from 5.75 µM (95% CI 1.91 to 17.30) to 6.20 µM (95% CI 2.21 to
17.38); p=0.77).
Conclusions: These findings suggest that cough receptor sensitivity to capsaicin is not associated with
eosinophilic inflammation of the airway in patients with allergic asthma whose main symptoms are
wheezing and dyspnoea but not cough.

Cough is an important symptom in patients with asthma,

eosinophilic bronchitis, or airway infections.1–4 Cough

receptor sensitivity to inhaled capsaicin, the pungent

extract of red pepper, is increased in these conditions but

returns to the normal range after cough becomes less

severe.5 6 Cough receptor sensitivity to capsaicin might there-

fore be a useful marker for disease severity for coughing.

Recent findings suggest that cough receptor sensitivity is

related to airway inflammation in asthma. In a subgroup of

children, cough receptor sensitivity was increased in severe

exacerbation of asthma and decreased after treatment.7 In

addition, treatment with inhaled corticosteroids slightly but

significantly decreased cough receptor sensitivity to citric acid

in patients with asthma.8 However, cough receptor sensitivity

does not differ significantly between patients with asthma and

healthy subjects,9 10 and is not related to the airway

hyperresponsiveness that is closely associated with airway

inflammation in patients with asthma.11

The purpose of this study was to evaluate the effect on

cough receptor sensitivity to capsaicin of allergen broncho-

provocation, which leads to increases in airway eosinophils

and airway responsiveness in patients with asthma sensitised

to house dust mite (HDM).

METHODS
Subjects
The subject group comprised 18 non-smoking patients with

mild asthma who were sensitised to HDM. All subjects were

allergic as defined by high levels of IgE specific for house dust

and Dermatophagoides farinae (Der f) in serum samples. At the

time of referral the subjects had had no respiratory infections

in the previous 6 weeks. Asthma in all subjects was controlled

with inhaled β2 agonists as required, and inhaled or oral ster-

oids had not been used in the previous 12 weeks. The baseline

forced expiratory volume in 1 second (FEV1) was more than

70% of the predicted values and improved more than 15% with

inhalation of a β2 agonist. Patients with asthma whose main

symptom was cough were not enrolled in the study. The total

symptom scores per week were estimated according to the

rating standards established by the Japanese Society of Aller-

gology as follows: breathlessness and wheezing on a scale of

0–9 (0: no symptoms; l: breathlessness or wheezing; 3: mild

asthma attack; 6: moderate asthma attack; 9: severe asthma

attack); and cough on a scale of 0.5–1 (0.5: infrequent cough;

l: frequent cough).

Study design
This was a randomised parallel group study. All patients

underwent haematological studies and tests to assess cough

receptor sensitivity to capsaicin, airway responsiveness to his-

tamine, and sputum induction with hypertonic saline inhala-

tion. Twenty four hours after these examinations the patients

were randomly divided into two groups and challenged with

either inhaled saline or HDM allergen. Examinations of cough

receptor sensitivity to capsaicin, airway responsiveness to his-

tamine, and analysis of sputum eosinophils were performed

again 24 hours after the challenge. All medications were with-

held from at least 12 hours before the start of the study to the

end of the study period. The examinations were performed at

approximately the same time each day with the same

equipment by the same technicians. The study was approved
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by the ethics committees of Kihara Hospital and Showa Uni-

versity, and all patients gave written informed consent.

Inhalation challenge tests
Cough receptor sensitivity to capsaicin was examined using

the method described by Fujimura et al.12 Capsaicin (30.5 mg)

was dissolved in Tween 80 (1 ml) and ethanol (1 ml) and then

dissolved in physiological saline (8 ml) to make a stock solu-

tion of 1 × 10–2 M which was stored at –20°C. This solution was

diluted with physiological saline to make capsaicin solutions

of 0.49, 0.98, 1.95, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250, 500, and

1000 µM. After the subjects had inhaled normal saline, they

inhaled doubling concentrations of capsaicin for 15 seconds by

tidal mouth breathing while wearing a noseclip every 1

minute with a nebuliser (DeVilbiss, Somerset, PA, USA) oper-

ated by compressed air at 5 l/min until five or more coughs

(C5) were elicited. The nebuliser output was 0.21 ml/min.

After capsaicin inhalation challenge, bronchial responsive-

ness to histamine was also measured using a method

described previously.13 Subjects inhaled doubling concentra-

tions of histamine for 2 minutes by tidal breathing until FEV1

decreased by more than 20% of the baseline value. The results

are expressed as the concentration provoking a 20% fall in

FEV1 (PC20). The measured values were plotted on semiloga-

rithmic graph paper and the PC20 values were calculated.

Sputum induction and analysis of the percentage of

eosinophils were performed before and 24 hours after allergen

inhalation challenge as described previously.14 Briefly, sputum

was induced by inhalation of increasing concentrations of

hypertonic saline (0.9%, 1.8%, 3%, 4%, and 5%) with a

nebuliser (DeVilbiss) until approximately 400 µl of sputum

had been collected. FEV1 was measured before and every 5

minutes during inhalation of hypertonic saline solution. Spu-

tum induction was ceased when an adequate sample had been

obtained, if FEV1 became less than 20% of the preinduction

baseline, or at the patients’s request. Patients were encouraged

to cough deeply after each inhalation. Cell plugs in sputum

were separated from saliva and collected. Sputum cells were

then spread on slides and treated with Wright-Giemsa stain so

that the inflammatory cells could be counted. We have previ-

ously reported the reproducibility of the percentage of

eosinophils in sputum with this method.13 14 The percentages

of total eosinophils was determined by counting 900

inflammatory cells under a light microscope. All slides were

counted independently by two readers blinded to the type of

inhalation. The percentages of sputum eosinophils are

expressed as mean values. The sputum induction test was per-

formed after the histamine test.

For the allergen inhalation challenge test, baseline spiro-

metric tests were performed, after which patients inhaled

0.9% saline followed by dilutions of HDM extract starting with

the lowest concentration, using a DeVilbiss nebuliser by a

method described previously.13 If FEV1 had not fallen by at

least 20% from the postsaline value, allergen inhalation was

continued until a fall in FEV1 of at least 20% occurred. The

FEV1 was monitored until 24 hours after allergen challenge.

For saline challenge, patients inhaled 0.9% saline for 2

minutes, after which FEV1 was measured at 5, 10, and 15 min-

utes after allergen challenge to identify an early asthmatic

response (EAR) and hourly for 8 hours to detect a late

asthmatic response (LAR), and at 24 hours after allergen

challenge.

Statistical analysis
Data are expressed as means (95% confidence intervals (CI))

unless otherwise indicated. The significance of changes within

groups was assessed using the Student’s paired t test, and

changes between groups were assessed using the Mann-

Whitney U test. Correlation was assessed with Pearson’s

correlation coefficient. Differences with a probability of less

than 0.05 were considered significant.

RESULTS
All subjects completed the trial. The baseline characteristics of

the patients are presented in table 1. Patients inhaling saline

and those inhaling HDM showed no significant differences in

age, symptom score, β2 agonist use, titre of Der f specific IgE,

FEV1, FEV1 % predicted, cough receptor sensitivity to

capsaicin, airway responsiveness to histamine, or sputum

eosinophils. Sputum was successfully induced and collected

both before and 24 hours after allergen challenge in seven of

nine patients inhaling saline and in eight of nine patients

inhaling HDM allergen.

Change in FEV1 after allergen inhalation
In patients inhaling saline, no significant changes in FEV1

were observed until 24 hours after saline inhalation. The per-

centage change in FEV1 was 0.67% (95% CI –0.87 to 2.20) at

the early phase and 0.12% (95% CI –1.80 to 2.04) at the late

phase (fig 1). Bronchoprovocation with HDM allergen induced

an EAR in all patients and a LAR in six of nine patients (fig 1).

The percentage decrease in FEV1 was –28.93% (95% CI –25.61

to –32.26) at EAR and –22.44% (95% CI –12.13 to –32.76) at

LAR. The FEV1 before (2.99 l (95% CI 2.71 to 3.27)) and 24

hours after (2.90 l (95% CI 2.61 to 3.19)) HDM allergen chal-

lenge did not differ significantly (p=0.16).

Changes in cough receptor sensitivity to capsaicin
The effect of HDM allergen inhalation challenge on capsaicin

sensitivity was investigated. Saline inhalation did not signifi-

cantly change capsaicin sensitivity (7.23 µM (95% CI 2.45 to

21.31) before inhalation, 7.24 µM (95% CI 2.46 to 21.31) 24

Table 1 Mean data with 95% confidence intervals (CI) of study subjects

Parameter

Saline group HDM group

p valueMean 95% CI Mean 95% CI

Sex (M/F) 4/5 5/4
Age (year) 27.1 21.2 to 33.0 27.3 22.1 to 32.6 0.95
Symptom score (/week) 0.47 0.06 to 0.89 0.59 0.16 to 1.02 0.68
β2 agonist use (puff/week) 0.29 0.06 to 0.62 0.22 0.05 to 0.50 0.87
Der f IgE (UA/ml) 34.3 20.2 to 58.2 40.3 20.1 to 81.1 0.68
FEV1 (l) 2.95 2.69 to 3.22 2.99 2.71 to 3.27 0.65
FEV1, % predicted (%) 95.1 91.7 to 98.5 94.4 91.0 to 97.9 0.79
Capsaicin (C5, µM) 7.23 2.45 to 21.3 5.75 1.91 to 17.3 0.74
Histamine PC20 (µg/ml) 727 252 to 2096 784 318 to 1932 0.90
Sp-eos (%) 7.87 5.08 to 12.19 9.83 6.78 to 14.27 0.36

FEV1=forced expiratory volume in 1 second; C5=capsaicin concentration required to cause five coughs;
histamine PC20=provocative concentration of histamine causing a 20% decrease in FEV1; Sp-eos=sputum
eosinophils.
p value for comparison between patients in saline and HDM inhalation groups.
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hours after inhalation), a finding that suggests capsaicin sen-

sitivity measured at 48 hour intervals is reproducible and that

tachyphylaxis to capsaicin is not induced in patients with

asthma (p=0.96, fig 2). In addition, bronchoprovocation with

allergen did not significantly change cough receptor sensitiv-

ity to capsaicin in patients with allergic asthma (5.75 µM

(95% CI 1.91 to 17.30) before bronchoprovocation, 6.20 µM

(95% CI 2.21 to 17.38) after bronchoprovocation; p=0.77, fig

2).

Changes in airway responsiveness to histamine and
sputum eosinophils
Changes in airway responsiveness to histamine and sputum

eosinophils were investigated before and 24 hours after saline

or HDM allergen challenge (figs 3 and 4). Saline inhalation did

not significantly change either airway responsiveness to

histamine (726.68 µg/ml (95% CI 251.90 to 2096.36) before

inhalation, 773.01 µg/ml (95% CI 251.36 to 2377.23) after

inhalation; p=0.96) or sputum eosinophils (7.87% (95% CI

5.08 to 12.19) before inhalation, 8.60% (95% CI 3.03 to 14.18)

after inhalation; p=0.97). In patients inhaling HDM allergen,

bronchoprovocation significantly increased airway responsive-

ness to histamine (from 784.16 µg/ml (95% CI 318.24 to

1932.24) to 377.81 µg/ml (95% CI 118.43 to 1205.24); p<0.05)

and sputum eosinophils (from 9.83% (95% CI 6.78 to 14.27) to

21.00% (95% CI 13.85 to 28.15); p<0.01) 24 hours after chal-

lenge compared with baseline values. The coefficient of

variability of sputum eosinophils between two independent

observers was r=0.8633 before challenge and r=0.927 after

saline or allergen challenge. There was no significant correla-

tion between the changes in sputum eosinophils and capsaicin

cough reflex sensitivity following allergen challenge in

patients with asthma (r=0.11; p=0.80).

DISCUSSION
We have investigated the effects on cough receptor sensitivity

to capsaicin of allergen bronchoprovocation that exacerbated

eosinophilic inflammation of the airway and enhanced airway

responsiveness in patients with HDM sensitised asthma.

Although the results of some studies suggest a relationship

between airway inflammation and cough receptor sensitivity

in patients with asthma, we found no significant changes in

cough receptor sensitivity to capsaicin after allergen challenge

despite increases in both sputum eosinophils and airway

responsiveness to histamine. We therefore conclude that

cough receptor sensitivity to capsaicin is not regulated mainly

by either eosinophilic inflammation or airway hyperrespon-

siveness in patients with allergic asthma whose main

symptoms are wheezing and dyspnoea but not cough.

Capsaicin stimulates unmyelinated slow C fibres of the sen-

sory nervous system and has been used to induce cough in

models of provocation challenge in a wide range of

diseases.15 16 Cough receptor sensitivity in children with

asthma who have troublesome cough is enhanced during the

acute severe phase but decreases thereafter to levels similar to

those in children with asthma without cough.7 In addition, a

recent study has shown that treatment with inhaled steroids

increases the cough threshold to inhaled citric acid in patients

with asthma.8 Similarly, treatment with inhaled steroids

decreases sputum eosinophils and capsaicin sensitivity in

patients with eosinophilic bronchitis, another cause of chronic

cough.17 These results therefore suggest a close relationship

Figure 1 Percentage change in FEV1 after bronchoprovocation with
saline or HDM allergen in patients with allergic asthma. Individual
values and geometric means are shown. EAR=early asthmatic
response, LAR=late asthmatic response.

_40

_30

_20

_10

0
%

_40

_30

_20

_10

0

%

EAR LAR EAR LAR

Saline group HDM group

Figure 2 Changes in cough receptor sensitivity to inhaled
capsaicin after bronchoprovocation with saline or HDM allergen in
patients with allergic asthma. Individual values and geometric means
are shown. NS=not significant.
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Figure 3 Changes in airway responsiveness to histamine after
bronchoprovocation with saline or HDM allergen in patients with
allergic asthma. Individual values and geometric means are shown.
NS=not significant. *p<0.05.
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Figure 4 Changes in sputum eosinophils after bronchoprovocation
with saline or HDM allergen in patients with allergic asthma.
Individual values and geometric means are shown. NS=not
significant. *p<0.01.
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between cough receptor sensitivity and eosinophilic inflam-

mation of the airway. However, direct studies investigating the

relationship between cough receptor sensitivity and eosi-

nophilic airway inflammation have not been fully studied in

asthma. Some studies have found no difference in cough

receptor sensitivity between healthy subjects and patients

with asthma.9 We found no significant changes in capsaicin

sensitivity despite an increase in sputum eosinophils after

allergen bronchoprovocation in patients with allergic asthma.

Airway inflammation might not therefore be a critical factor

for regulating airway cough receptor sensitivity to capsaicin in

allergic asthma.

The severity of cough in asthma might be related to airway

calibre because cough can be related to the degree of airflow

obstruction that stimulates irritant receptors.18 Although the

pathogenesis of chronic obstructive pulmonary disease

(COPD) is different from that of asthma, no relationship has

been found between capsaicin sensitivity and airflow limita-

tion, as reflected by FEV1, in patients with COPD.19 In the

present study the values of FEV1 before and 24 hours after

allergen inhalation did not differ significantly in patients who

inhaled HDM allergen. We therefore found no evidence that

airway calibre affects capsaicin sensitivity.

Airway hyperresponsiveness is an important feature of

asthma that is also closely associated with airway

inflammation.20 Bronchoprovocation with allergen exacer-

bates airway inflammation that enhances airway

responsiveness.13 In the present study airway responsiveness

to histamine increased significantly 24 hours after allergen

challenge, but capsaicin sensitivity did not change signifi-

cantly. Moreover, cough receptor sensitivity to capsaicin is not

related to the level of airway hyperresponsiveness in patients

with asthma.11 Previous findings and our present results

therefore confirm that cough receptor sensitivity to inhaled

capsaicin does not correlate with airway hyperresponsiveness

in patients with asthma.

Several techniques have been developed to investigate

airway inflammation in asthma; analysis of induced sputum is

particularly useful because it is repeatable and can be used to

monitor changes in airway inflammation.21 In the present

study sputum was induced immediately after capsaicin and

histamine challenge. Bronchial provocation with histamine

increases lymphocyte, mast cell, and neutrophil counts, but

not the eosinophil count, in bronchoalveolar lavage fluid.22

Capsaicin nasal challenge significantly increases the number

of eosinophils in nasal lavage fluid.23 Therefore, capsaicin

bronchoprovocation might also increase the number of

eosinophils in sputum both at baseline and after saline or

allergen challenge. Although the effects of both capsaicin and

histamine challenge on sputum eosinophils have not been

completely elucidated, our data from patients inhaling saline

suggest that such challenges do not cause significant

differences in the number of sputum eosinophils before and

24 hours after inhalation.

Our results clearly show that bronchoprovocation with

allergen does not increase cough receptor sensitivity to

capsaicin in patients with allergic asthma. We therefore

conclude that cough receptor sensitivity to inhaled capsaicin is

not related to eosinophilic inflammation of the airway or air-

way hyperresponsiveness in patients with allergic asthma

whose main symptoms are wheezing and dyspnoea but not

cough.
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