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ABSTRACT: This study assessed the effect of the leukotriene receptor antagonist
montelukast on hypertonic saline-induced airway obstruction.

A total of 29 patients with chronic obstructive pulmonary disease (forced expiratory
volume in one second (FEV1), 42¡4% predicted) received either 10 mg montelukast and
3 h later placebo via metered-dose inhaler (MDI) (M), or placebo and 3h later 200 mg
salbutamol (S), or two doses of placebo (P), in a randomised order. Patients inhaled
salbutamol 1 h after MDI and the challenge was performed 15 min later (3% saline,
5 min). Data are given as per cent changes versus baseline.

Compared to P, S caused significant bronchodilation in FEV1 (7.3%) and forced
inspiratory volume in one second (FIV1) (4.5%), and M in FIV1 (1.5%). The saline-
induced fall in FEV1 was lower after M (-5.8%), compared with S (-10.3%) and P
(-13.1%). FEV1 (11.3%) and FIV1 (7.6%) was improved over baseline after recovery by
M but not P and S. Recovery times regarding FEV1 (8.5 min) and FIV1 (15.2 min)
were shortest after M, respective values for S being 16.8 and 20.4 min, and for P 15.9
and 21.2 min. Effects were strongest in patients with low baseline FEV1 and/or inhaled
corticosteroids.

Data from this study indicate beneficial effects of montelukast on hypertonic saline-
induced airway responses in patients with chronic obstructive pulmonary disease,
particularly those with severe disease. The major effect was an accelerated recovery
leading to values above baseline.
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Wöhrendamm 80, D-22927 Großhansdorf,
Germany.
Fax: 49 4102692295
E-mail: i.zuehlke@pulmoresearch.de

Keywords: Airway obstruction
airway protection
antileukotrienes
corticosteroids
recovery time
salbutamol

Received: April 25 2003
Accepted after revision: July 9 2003

This study was supported by an educational
grant from Merck Sharpe Dohme GmbH,
Haar, Munich.

Inhalation of hypertonic saline has long been introduced as
a method of bronchial challenge in patients with asthma [1].
Owing to the widespread use of sputum induction, such
inhalation procedures are also used in patients with chronic
obstructive pulmonary disease (COPD). Available data
indicate that, unexpectedly, these patients often experience
significant airway obstruction after hypertonic saline inhala-
tion [2–5]. Whether this experimental response has a clinical
correlate is currently unknown.

The adverse response occurs despite prior administration of
a b2-agonist, which is strongly recommended for sputum
induction [6]. Besides the inability of a b2-agonist to afford
complete protection, little is known about the protective
measures against the effects of hypertonic saline in COPD. In
contrast, studies in patients with asthma have revealed signi-
ficant protection by different types of drugs, such as antihis-
tamines and nedocromil, suggesting mast cell activation and
neural pathways as potential mechanisms [7–9].

Mast cell activation could also play a role in COPD, as
indicated by the increase in histamine and tryptase levels in
sputum immediately after provocation [5]; there was also a
tendency towards increased levels of cysteinyl leukotrienes.
Taking into account that leukotriene release might require
more time than that of histamine and that leukotriene
measurements in sputum are difficult [10], the current study
aimed to reveal by direct intervention whether cysteinyl
leukotrienes are involved in the hypertonic saline response
in COPD.

To test this hypothesis, a double-blind, cross-over study in
patients with moderate-to-severe COPD was performed using
the specific cysteinyl leukotriene receptor antagonist mon-
telukast in comparison with salbutamol and placebo. The
time course of the obstructive airway response to hypertonic
saline inhalation was chosen as the outcome measure.

Patients and methods

Patients

A total of 30 outpatients with moderate-to-severe stable
COPD [11] and forced expiratory volume in one second
(FEV1) f60% pred were included and data from 29 patients
were evaluated (table 1), since one patient was not willing to
accept the saline response. None of the patients showed a
history of asthma. All patients gave their written informed
consent after approval of the study by the local Ethics
Committee.

Study protocol

The protocol comprised one screening and three study
days, separated by o3 and f10 days. Inhaled short- or long-
acting bronchodilators were withheld for o6 or o12 h,
respectively, before measurements; all other medication was
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left unchanged. The screening day served to assess medical
history, clinical state and lung function including carbon
monoxide transfer factor.

Afterwards, three combinations of oral and inhaled
medication were tested in a randomised, double-blind,
cross-over design; montelukast plus placebo metered-dose
inhaler (MDI), oral placebo plus salbutamol MDI, and oral
placebo plus placebo MDI. On each study day patients
underwent baseline lung function testing and then received
either 10 mg montelukast or placebo. Patients inhaled either
200 mg salbutamol or placebo through an MDI 3 h later.
Lung function was reassessed 1 h later (4 h after start) to
quantify bronchodilation. Under all treatments patients then
inhaled 200 mg salbutamol and 15 min later, after additional
lung function measurement, 3% saline from an ultrasonic
nebuliser (NE-U12; Omron, Tokyo, Japan [12]) for 5 min; the
additional lung function test was omitted in nine patients to
reduce the number of forced manoeuvres, as the morning
value was considered as a reference for comparison. Lung
function was monitored by spirometry immediately after
saline inhalation, and 5, 15, 25, 35, and 45 min afterwards to
monitor recovery. Patients were not requested to produce
sputum, as the hypertonic saline was only used for inhalation
challenge.

Lung function measurements

A body plethysmograph (Masterlab, Jaeger, Würzburg,
Germany) was used to assess specific airway resistance during
in- and expiration, intrathoracic gas volume, residual volume,
total lung capacity and inspired vital capacity, as well as
FEV1 and forced inspiratory volume in one second (FIV1)
from forced expiratory and inspiratory flow/volume curves
[13]. The selection of final values followed criteria outlined
previously [5, 13].

Statistical analysis

Data were evaluated in terms of absolute values and
changes relative to baseline as measured in the morning.
Primary variables taken for evaluation were FEV1 and FIV1.
Recovery time was defined as the time interval after saline
inhalation that was needed to return to baseline. Mean values
and SD or SEM were computed. Repeated measures analysis of
variance (ANOVA) was used to compare treatments in terms
of absolute values or changes in these values, and post hoc
comparisons were performed according to Newman-Keuls.
Owing to skewed distributions, recovery times were evaluated
by nonparametric Friedman ANOVA and Wilcoxon
matched-pairs signed-ranks tests. Statistical significance was
assumed at pv0.05.

Results

Upon inclusion, 11 patients showed an FEV1 of f40%
pred, 13 of w40 and f50% pred, and five of w50 and f60%
pred. A total of 23 patients took inhaled b2-agonists and
anticholinergics, nine additional theophylline, and 15 inhaled
corticosteroids. The subgroups of patients with steroids and/
or anticholinergics and/or theophylline were to a large extent
identical to the group with FEV1 below or equal to the
median value (42.9% pred; n=15). None of the patients
reported having an allergic disease or a respective family
history of such a disease. No significant or serious adverse
events occurred, except that two patients reported on a mild
transient dizziness about 1 h after the oral medication with
montelukast.

Bronchodilation

Baseline lung function did not significantly differ between
study days. At 4 h changes in FEV1 and FIV1 relative to
baseline were significantly different between treatments
(pv0.0003; table 2). Specifically, the effects of S on FEV1

Table 1. – Patients9 characteristics

Sex F/M 7/22
Age yrs 64¡5
Height cm 174¡9
BMI kg?m-2 23.5¡5.2
Smoker ex/current 15/14
Pack yrs 68¡28
IVC L 3.48¡0.78
FEV1 L 1.27¡0.33
FEV1 % pred 42¡4
FIV1 L 3.27¡0.72
PEF L?s-1 3.95¡1.14
PIF L?s-1 4.93¡1.61
sRawex cmH2O?s-1 4.61¡2.48
sRawin cmH2O?s-1 2.44¡1.02
ITGV % pred 154¡25
RV L 4.13¡1.03
TLC L 7.46¡1.42
TL,CO % pred 52.7¡18.7

Data are presented as mean¡SD unless otherwise stated. F: female; M:
male; BMI: body mass index; IVC: inspired vital capacity; FEV1: forced
expiratory volume in one second; % pred: % predicted; FIV1: forced
inspiratory volume in one second; PEF: peak expiratory flow; PIF: peak
inspiratory flow; sRawex: specific airway resistance during expiration;
sRawin: specific airway resistance during inspiration; ITGV: intrathor-
acic gas volume; RV: residual volume; TLC: total lung capacity; TL,CO:
transfer factor of the lung for carbon monoxide.

Table 2. – Changes in lung function and recovery time

Change
after 4 h# %

Change after
additional salbutamol} %

Maximum change
after 3% saline %

Time needed for
recovery to baselinez min

Changes 45 min
after saline %

FEV1 FIV1 FEV1 FIV1 FEV1 FIV1 FEV1 FIV1 FEV1 FIV1

Placebo -1.9¡1.8 -4.7¡1.8 15.1¡2.4 8.3¡2.1 -13.1¡2.4 -26.3¡3.1 15.9¡3.0 21.2¡3.0 0.9¡4.6 -4.3¡4.4
Salbutamol 7.3¡2.2 4.5¡1.5 9.0¡2.0 2.5¡1.5 -10.3¡2.7 -25.1¡2.3 16.8¡3.3 20.4¡3.0 1.9¡4.5 0.5¡2.4
Montelukast 0.4¡1.6 1.5¡1.6 7.2¡5.9 -1.5¡5.3 -5.8¡2.8 -23.0¡2.7 8.5¡2.4 15.2¡2.7 11.3¡3.5 7.6¡3.0

Data are presented as mean¡SEM of % changes relative to baseline as measured at the beginning of each test. FEV1: forced expiratory volume in one
second; FIV1: forced inspiratory volume in one second. #: 4 h after oral and 1 h after inhaled medication; }: 15 min after the additional 200 mg
salbutamol that was given before saline inhalation (assessed in 20/29 patients); z : time after the end of saline inhalation at which the individual
baseline value was reached again.
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were different from both the effects of P and M (mean
changes after P: -0.013 L, S: 0.103 L, M: 0.007 L; pv0.01).
The effects of M and S on FIV1 were not different from each
other but different from those of P (P: -0.153 L, S: 0.166 L,
M: 0.051 L; pv0.01). The bronchodilator effects of S on
FEV1 were significant (pv0.05) only in the two subgroups
with either high baseline FEV1 or no corticosteroids, whereas
the differences regarding FIV1 occurred in all subgroups
(pv0.05).

Patterns identical to those observed for relative changes
were obtained when comparing absolute values of FEV1 and
FIV1 at 4 h (pv0.01). The additional inhalation of salbutamol
prior to saline did not alter the result that FEV1 was higher
after S than after M or P (pv0.05; n=20); differences in FIV1,
however, were no more statistically significant.

Bronchoprotection

Figure 1 illustrates the time course of FEV1 and FIV1 after
hypertonic saline inhalation. Responses in terms of minimum
absolute values of FEV1 were significantly different between
treatments (p=0.0065), with M superior to P (pv0.05).
Similarly, maximum values after 45 min of recovery were
different (p=0.0034), with M superior to both P and S
(pv0.02). Saline responses did not differ in terms of FIV1,
however, maximum values after recovery were different
(p=0.0002), with M again being superior to P and S
(pv0.01). Analogous results (pv0.05, each comparison) in

terms of FEV1 and FIV1 were obtained in the subgroups with
low baseline FEV1 and/or inhaled corticosteroids, whereas the
effects in the complementary subgroups were not statistically
significant.

The maximum fall in FEV1 relative to baseline as measured
in the morning was not significantly different between
treatments (P: -0.151 L, S: -0.115 L, M: -0.070 L), whereas
the improvements after recovery were (table 2). Again, M was
superior to both P and S (P: 0.115 L, S: 0.125 L, M: 0.206 L;
pv0.05). Analogous results were obtained for FIV1. Saline-
induced deteriorations relative to the values measured at 4 h
were additionally evaluated. Effects on FEV1 differed
significantly between treatments (P: -0.128 L, S: -0.218 L,
M: -0.078 L; pv0.05), and changes in FIV1 also differed
(p=0.0058), with responses after P being greatest (pv0.03).

The recovery time for both FEV1 and FIV1 showed a
significant difference between the three treatments (pv0.008).
Specifically, times were shortest after M compared with both
S and P (pv0.05), whereas values for P and S did not differ
statistically (table 2). In separate analyses, these effects of M
were significant (pv0.05) only in the subgroups with low
baseline FEV1 and/or corticosteroids.

Discussion

The data of the present study were obtained using hyper-
tonic saline as a bronchoconstrictor stimulus in patients with
COPD. They demonstrate that the antileukotriene receptor
antagonist montelukast is capable of exerting beneficial
effects, as demonstrated by a reduction in the maximum
response to saline, a decrease in the time needed for recovery
to baseline, and improved values after recovery particularly in
severe COPD. Acute bronchodilation prior to the saline
challenge was minor after montelukast, in contrast to
salbutamol which, however, did not ameliorate the response
to hypertonic saline. It seems noteworthy that the protective
effects of montelukast were most obvious in patients with
more severe disease as indicated by low baseline FEV1 and/or
therapy with inhaled steroids. Neither corticosteroids nor
ipratropium or theophylline, as a constant concomitant
therapy, were capable of preventing the effects of montelukast
on the hypertonic saline response. Although it is currently
unknown whether hypertonic saline-induced airway responses
reflect a pathophysiologically and clinically relevant feature in
these patients, these data suggest it worth considering leuko-
triene receptor antagonists as a therapeutic option particu-
larly in severe COPD.

Airway responses in terms of FEV1 as well as FIV1 were
evaluated. Previous results in patients with severe COPD
indicated FIV1 being superior to FEV1 in the assessment of
bronchodilation but not bronchoconstriction [5, 13]. The
present data are in accordance with that, as bronchodilation
by montelukast relative to placebo was apparent only in
FIV1; this was even more obvious in the patients with more
severe disease. In contrast, the modulation of the broncho-
constrictor response to hypertonic saline by montelukast was
better reflected in FEV1.

The rationale for the present study was derived from con-
sidering potential mediators of airway obstruction in COPD.
The authors previously found that the level of cysteinyl
leukotrienes in sputum increased slightly after hypertonic
saline inhalation [5]. The significant release of histamine
suggested the activation of mast cells, which are also major
sources of cysteinyl leukotrienes. The negative finding
regarding leukotrienes might have been caused by the fact
that their release needed time, whereby the average time of
inhalation was only 8.8 min for hypertonic and 16.5 min for
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Fig. 1. – Time course of a) forced expiratory volume in one second
(FEV1) and b) forced inspiratory volume in one second (FIV1)
showing mean values. %: treatment with oral placebo plus inhaled
placebo; +: oral placebo plus 200 mg inhaled salbutamol; &: 10 mg
montelukast plus inhaled placebo.
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isotonic saline [5]. In addition, airway obstruction, as a
potential trigger for leukotriene release, occurred in 50% of
patients even with isotonic saline. In view of the fact that the
detection of leukotrienes in sputum supernatants is critical
[10], the authors therefore argue that an involvement of
leukotrienes could only be proven through an intervention
that specifically inhibited their action.

It is suggested by several findings that mast cells play a role
in COPD. First, their numbers are increased in the mucosa of
proximal [14] or distal [15] airways in chronic bronchitis, in
parallel with the deterioration of lung function [16]. Secondly,
activation of mast cells in chronic bronchitis is suggested by
increased levels of histamine in sputum [17]. Thirdly, patients
with COPD experience bronchoconstriction after inhalation
of AMP [18], the action of which is thought to be mediated by
mast cells [19]; accordingly, the response could be attenuated
by an antihistamine [18].

It seems noteworthy that the findings of the current study
of an accelerated recovery after montelukast is consistent with
data obtained by mannitol as a bronchoconstrictor in asthma
[20]. These data showed no effect on the maximum fall in
FEV1. Inhalation of mannitol has been suggested to mimic
the action of hypertonic saline, at least partially, by altering
airway surface osmolarity [21] and activating epithelial cells,
sensory nerves and mast cells. With higher concentrations of
saline less volume of aerosol is needed to elicit the response,
thus the rate of change of osmolarity is thought to be the
major causative factor [1]. In vitro studies in human mast cells
have demonstrated rapid-onset histamine release caused by
hypertonic stimuli [22]. Accordingly, the response to hyper-
tonic saline inhalation in asthma could be attenuated by
pretreatment with histamine antagonists [7, 8], a cyclo-
oxygenase inhibitor [8], or atropine and ipratropium [9].
Corresponding data in severe COPD would be of interest not
only from a pathophysiological point of view, but could also
improve the safety of sputum induction and even help in the
patients9 treatment.

The rapid onset of airway obstruction and its association
with cough suggest neural pathways are involved. In fact, the
amount of substance P in sputum has been found elevated
after hypertonic saline inhalation [23]. Interestingly, monte-
lukast can almost block the bronchoconstrictor effect of
sulphur dioxide in asthma [24]; this acute response is believed
to be largely mediated through neural pathways and possibly
includes mast cells [25]. A link between leukotrienes, hista-
mine and neural pathways is also suggested by osmotic
analogues of the hypertonic saline challenge [26] or the
capability of neuropeptides to elicit histamine release [27].
Thus, in addition to antileukotrienes, antihistamines, nedo-
cromil sodium and antineuropeptides are candidates for
preventing the saline response in severe COPD.

To date it is unknown whether the effects elicited by
hypertonic saline correspond to clinical outcomes in COPD.
Ambient air conditions might be relevant in this respect, as
patients with severe COPD often report to suffer in cold,
humid and/or foggy weather. Furthermore, the fact that
hypertonic saline causes a variety of symptoms even in
normal subjects, leads to the speculation that it mimics some
functional effects occurring during exacerbations in COPD.
Leukocytes from patients with COPD are capable of releasing
significant amounts of leukotrine C4 upon stimulation [28]
and cysteinyl leukotrienes are produced in response to viral
infections [29], as one potential factor in exacerbations. Given
that, the airway response to hypertonic saline could be an
acute model of the functional although not immunological
processes that are acting during exacerbations in COPD. The
common link could be airway oedema and plasma extravasa-
tion, involving a mode of airway responsiveness and airway
protection in severe COPD, which is different from asthma.

This is also suggested by results from the current study in the
subgroup with more severe COPD. Interestingly, preliminary
data in patients with COPD indicated a reduction in the
number and duration of hospitalisations by montelukast, and
this was not based on bronchodilation [30].

In accordance with a previous study [5], inhalation of
200 mg salbutamol 15 min before hypertonic saline inhalation
did not prevent the airway response. Furthermore, responses
did not differ between pretreatments with placebo and
salbutamol. This seems remarkable in view of the ability of
salbutamol to attenuate or prevent bronchoconstrictor res-
ponses to a wide variety of stimuli. Furthermore, the result on
the protective action of montelukast did not appear to be
biased by changes in values prior to provocation. By choosing
the morning values as a reference, the authors tried to ensure
comparability between measurements and to circumvent the
problem that with low FEV1 shifts in baseline can lead to
artificial results. The current study was even designed to avoid
(trivial) effects of bronchodilation as far as possible. The
additional inhalation of salbutamol 15 min before hypertonic
saline inhalation also acted to reduce differences in broncho-
dilator state prior to challenges. Its effect was not measured
in all tests, as the authors considered it secondary and some
patients complained of exhaustion from the repeated lung
function testing. The additional salbutamol caused an upward
shift in FEV1 but did not destroy the differences between
medications. Also, taking this value as reference for
bronchoconstriction did not abolish the differences. Based
on these arguments, it is unlikely that differences in
bronchodilation prior to challenges explain the findings.
Time courses were clearly separated between medications, as
evident from the absolute values of FEV1 (fig. 1).

Lung function values after recovery from saline responses
were similar to baseline values after treatment with placebo or
salbutamol. In contrast, montelukast led to a significant
improvement 45 min later, which could not be attributed to
bronchodilation prior to the challenge (fig. 1). It is unlikely
that the additional salbutamol caused this effect because the
improved recovery did not occur after treatment with
salbutamol alone. Thus, either the bronchodilator action of
salbutamol has been amplified, or the response to saline
inhalation has been improved by montelukast. There is no
substantial evidence that montelukast leads to an exaggerated
response to b2-agonists. A natural explanation would be that
the saline challenge caused release of both bronchoconstrictor
and bronchodilator mediators and that constriction was
partially blocked by montelukast, whereas the dilation was
not. The present data do not allow this hypothesis to be
tested. However, it seems a challenging perspective to elicit
significant bronchodilation through a bronchoconstrictor
stimulus plus a bronchoprotector that is itself a weak
bronchodilator. Whether this observation has clinical impli-
cations remains to be established.

In summary, data from the current study indicate that the
cysteinyl leukotriene receptor antagonist montelukast has
beneficial effects in the model of hypertonic saline-induced
airway response, especially in patients with severe chronic
obstructive pulmonary disease. The effects were not directly
related to bronchodilation and were particularly evident in
the recovery from the bronchoconstrictor response. These
findings promote the belief that cysteinyl leukotriene antag-
onism might have a therapeutic potential in chronic
obstructive pulmonary disease.
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