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Protection against exercise-induced bronchoconstriction by montelukast in
aspirin-sensitive and aspirin-tolerant patients with asthma

L. Mastalerz, A. Gawlewicz-Mroczka, E. Nizankowska, A. Cmiel* and A. Szczeklik

Department of Medicine, Jagiellonian University School of Medicine and, *Department of Applied Mathematics, University of Mining and Metallurgy, Cracow,

Background Montelukast, a cysteinyl-leukotriene receptor antagonist, was reported to have a
protective effect against exercise-induced bronchoconstriction (EIB). Aspirin-induced asthma
(AIA) is characterized by overproduction of cysteinyl-leukotrienes.

Objective The aim of the study was to compare the response to exercise and the effect of mon-
telukast on EIB in AIA as compared to aspirin-tolerant asthma (ATA).

Methods A placebo-controlled, double blind, cross-over randomized study was performed in 19
AIA and 21 ATA patients with stable asthma. A single dose of montelukast (10 mg) or placebo (PL),
was given orally one hour prior to exercise challenge. FEV| was measured before and 5, 10, 15 min
after exercise and then at 15-minute intervals for 4 h. Urinary LTE,4 excretion and blood eosinophil
count were measured at baseline, 2 h and 4 h following exercise challenge.

Results Positive bronchial response to exercise was observed in 47.5% of all patients studied.
Exercise led to almost identical maximal fall in FEV, in AIA and ATA patients (23.5% =+ 6.8% vs.
21.8% =+ 12.0%, respectively; P=0.7). Montelukast, as compared to PL, significantly attenuated
EIB in 63.2% of 19 patients with positive exercise test preceded by PL. The mean of maximum fall in
FEV, from the pre-exercise value was 10.2% + 13.8 after montelukast as compared to 22.5% + 10.2
after placebo (P <0.001). No significant differences between protective effect of montelukast was
observed in AIA as compared to ATA patients (P =0.63, ANovA). Urinary LTE, excretion showed
no change following exercise, irrespective of the result of the test in all subjects.

Conclusion Patients with AIA and ATA react similarly to exercise challenge and obtain similar
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Introduction

Exercise-induced bronchoconstriction (EIB) is one of the
most common clinical manifestations of reactive airways dis-
ease [1]. The cause of EIB is not completely understood. The
hypothetical initiating events include dehydration of the
mucosal lining in the airways and rapid airway cooling followed
by re-warming. This process triggers activation of mast cells
from which histamine and cysteinyl-leukotrienes (cys-LTs) are
released [1, 2]. Cysteinyl-leukotrienes (LTCy4, LTD4and LTEy),
synthesized from arachidonic acid through the 5-lipoxygenase
pathway, are potent inflammatory mediators that induce
bronchial smooth muscle constriction, airway oedema, and
mucus hypersecretion [3]. They activate inflammatory cells
through interaction with at least two high-affinity G-protein
coupled receptors, termed Cys-LT; and Cys-LT,, which were
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recently cloned and characterized [4, 5]. Following EIB some
researchers reported on an increase in urinary LTE, excretion
[6,7], however, others did not observe change in blood [§] or
urinary [9] cys-LTs levels.

Inhibitors of leukotriene synthesis [10, 11] and leukotriene-
receptor antagonists [6, 12—15] were shown to exert a protective
effect against exercise-induced bronchoconstriction. It can be
hypothesized that a subpopulation of patients with asthma,
characterized by aspirin intolerance [16], might profit most
from the protective effect of montelukast against EIB. These
patients are characterized by cys-LTs overproduction. At base-
line they excrete high amounts of cys-LTs in the urine [17].
Following ingestion of aspirin, they release large quantities of
cys-LTs into the lungs and further increase the urinary LTE,
excretion [18]. Bronchial biopsy studies revealed a profound
overexpression of LTC, synthase in the AIA as compared to
aspirin-tolerant asthmatics and normal subjects [19]. A variant
of allele C of LTC,4 synthase [20] was found to be more common
in severe aspirin-sensitive than in aspirin-tolerant patients or
normal subjects [21].
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We therefore compared the protective effect of montelukast,
a potent leukotriene receptor antagonist, on EIB in two groups
of patients with bronchial asthma: aspirin-intolerant and
aspirin-tolerant. We also assessed whether the protective effect
of montelukast is related to leukotriene production.

Materials and methods

Patients

The study was performed in 19 asthmatic patients sensitive to
aspirin (AIA; average age, 40.7 years) and 21 asthmatics who
tolerated aspirin well (ATA; average age, 35.4 years). The pa-
tients’ characteristics (taking into account their response to
EIB, see below) are presented in Table 1. The diagnosis of
aspirin intolerance was confirmed by oral aspirin provocation
tests [22], performed during the 12 months preceding the study.
All ATA patients occasionally used aspirin without any adverse
reactions. The patients had stable asthma and their baseline
FEV, was >60% of the predicted value on each study day.
The subjects were instructed to withhold medications that de-
crease bronchial responsiveness prior to exercise challenge
according to ATS [23]. They were allowed to use inhaled (at a
dose < 2000 pg budesonide per day) and systemic corticoster-
oids (at a dose < 10 mg prednisone per day). None of them was
treated with leukotriene receptor antagonists.

Study design

We performed a double-blind, placebo-controlled, cross-over
randomized trial. Exercise challenge tests preceded by placebo
and/or montelukast were carried out in 3-day intervals. Single
dose placebo or montelukast (one tablet, 10 mg) were given
orally one hour prior to exercise challenge test. FEV, was
measured at baseline (before placebo or montelukast adminis-
tration) and again at 5,10, 15,20, 30 min following exercise
challenge, and then at 15-minute intervals for 4h. Blood

Table 1. Clinical characteristics of the patients studied

Montelukast and EIB 1361

samples for eosinophil count and urine samples for LTE, excre-
tion were collected at baseline (before placebo or montelukast
administration), and 2 and 4h after exercise challenge. The
exercise challenge was considered positive when FEV| dropped
by 10% or more as compared to baseline. The bronchial re-
sponse to exercise was calculated as percentage fall in FEV.

_ baseline FEV; — lowest FEV;after exercise

o baseline FEV, x 100%

Index

The study was approved by the University Ethics Committee,
and informed consent was obtained from each patient.

Pulmonary function tests

Spirometry was performed on a flow-integrating computerized
pneumotachograph (Pneumoscreen, E. Jaeger, Friedberg,
Germany).

Eosinophil count

Eosinophils were counted using a light microscope, after dis-
solving the whole blood sample in Pilot’s solution [24].

Measurement of urinary LTE, excretion

Baseline urine sample was collected at about 8 am before pla-
cebo or montelukast administration. The previous passing
urine was at 6 AM. During each following 2-h interval the patient
drank 200 mL of water. The total volume of urine samples were
measured and 50 mL aliquots were immediately frozen. Before
being frozen, the urine was centrifuged and antioxygenating
agent (4-OHTEMPO) was added in the ratio of 100 uL of the
solution per 10 mL of urine. These urine samples were frozen to
—80°C until the analysis. Creatinine was measured in all urine
samples by a colorimetric method.

LTE, was measured in unpurified urine samples by direct
enzyme immunoassay (Cayman Chemical, Ann Arbor, MI,
USA) as previously reported [17].

Patients’ characteristics

AlA, EIB positive
n=7

AlA, EIB negative
n=12

ATA, EIB positive
n=12

ATA, EIB negative
n=9

Age, years
Male/Female

Duration of asthma, years

Positive prick tests +
Total IgE, IU/mL
Inhaled steroids, n
Dose ng/d

Oral steroids, n
Dose mg/d

Baseline FEV4 (% predicted)

Baseline FEV, (L)

Baseline urinary LTE,
excretion (pg/mg creatinine)

Baseline eosinophil
count/mm?®

40.9 (35-47)

3/4

11.1 (3-20)

3/4

147 (57-191)*

7

900 (200-1500)

2

5 (4-6)

PL 86.1 (65.7-113.6)
M 84.6 (70.8-103.8)
PL 2.77 (1.82-4.26)
M 2.72 (1.96-4.11)
PL 635 (326-714)*
M 722 (410-1057)*
PL 509 (284-605)*
M 608 (571-789)*

40.7 (23-60)

11/1

9.5 (0.5-28)

2/10

62.9 (29.7-222.5)
11

1072.7 (100-1600)

2

4 (2-6)

PL 84.8 (64.4-104.0)
M 86.5 (60.7-106.3)
PL 3.16 (2.12-4.29)
M 3.22 (1.93-4.55)
PL 1032 (451-1645)*
M 904 (432-1832)*
PL 635 (257-837)

M 623 (320-895)*

33.4 (19-54)
7/5

9.2 (3-22)

8/4

441.5 (159-569)*

10

1275 (400-2250)

3

6 (2-8)

PL 83.3 (61.0-110.2)
M 80.3 (60.3-104.7)
PL 3.03 (1.82-4.63)
M 2.93 (1.71-4.40)
PL 497 (158-794)*
M 492.5 (174-838)*
PL 389 (186-727)"
M 459 (233-634)*

38.0 (21-60)
4/5

10.6 (3-40)
712

119 (58.7-598)
5

1100 (500—1500)
]

8 (8-8)

PL 90.2 (73.1-111.6)
M 91.1 (70.2-111.7)
PL 3.04 (1.89-3.85)
M 3.07 (1.88-4.06)
PL 170 (131-211)*
M 267 (153-322)*
PL 172 (75-243)*

M 165 (115-402)

PL: placebo; M: montelukast. The values in the table represent mean and range, except for serum IgE values, urinary LTE,4, eosinophil count. *Median
(25% —75% percentiles, lower and upper quartile).

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:1360-1365



1362 L. Mastalerz et al.

Exercise challenge test

Exercise was performed on a treadmill, according to American
Thoracic Society guidelines [23]. Heart rate was monitored
from a three-lead electrocardiographic configuration. The pa-
tients inspired dry air of temperature 20-25°C, and humidity
of 50% or less. During the exercise challenge, the patient had a
clip on the nose to ensure breathing through the mouth only.
Total duration of exercise was 6-8 min. The initial low speed
and grade were progressively increased during the first 2-3 min
of exercise until the heart rate achieved 80-90% of the predicted
maximum (calculated as 220 — age in years). The obtained heart
rate was maintained for at least 4-6 min.

Indications for withdrawing from these tests were in accord-
ance with regulations by American Heart Association.

Statistical analysis

Summary statistics were expressed as mean (M) and standard
deviation (SD) for symmetric distributed data and median or
geometric mean (GM) and 25% and 75% percentiles for non-
symmetric (skewed) distributed data. Multi-way ANOvA model
was used for multiple-group comparisons. Logarithmic trans-
formation was used when needed as variance stabilizing
transformation. Fisher’s exact test was used for dichotomous
response data for two independent random samples. A P-value
< 0.05 was considered statistically significant.

Results

At baseline the AIA (n=19) and ATA (rn=21) groups
were similar in most clinical parameters, except for urinary
LTE, values (P=0.001) and eosinophil count (P=0.01)
which were significantly higher in the former than in the latter
group.

Out of 40 patients studied, in 19 (47.5%) the exercise chal-
lenge test preceded by placebo was positive. The baseline clin-
ical characteristic of the patients with AIA and ATA, divided
into subgroups with positive and negative response to EIB is
presented in Table 1. In these patients, who showed positive
response to exercise the maximum decrease in FEV, was ob-
served 10 min after the exercise (M + SD, 22.5% =+ 10.2). When
the patients studied were split into AIA and ATA, positive
exercise challenge test following placebo led to at least 10%
decrease in FEV| in seven patients with AIA and 12 patients
with ATA (n=12). The maximum fall in FEV, following exer-
cise was almost identical in those two groups (23.5% =+ 6.8% vs.
21.8% + 12.0%, respectively; P=0.7).

The percent decrease in FEV| in the first 60 min after positive
exercise challenge preceded by placebo, the maximum decrease
in FEV, and the time from the maximum decrease in FEV, to
the return to within 5% of baseline FEV), separately for AIA
and ATA patients, with positive response to EIB are presented
in Fig. 1.

Positive challenge test preceded by
placebo
AIA n=7 ATA n=12
Pre-exercise FEV; (% of predicted) 86.1+16.1 83.3x124
Area under the curve 9.8+11.2 8.0+6.3
Maximal decrease in FEV, after
exercise (Index-%) 23.5+6.8 21.8+£12.0
Time from maximal decrease in
FEV, to return to within 5% of 33.4+17.8 26.9+22.06
baseline FEV, (min)

X
>
[Sa]
= \
o \
E 5
o) [}
§ .“ \
g _10 '\ Return to within 5%
& \ of baseline FEV,
§D |
s -15f ™
= N
© -m- ATA (n1=12)
—— AIA (n1=7) Fig. 1. The area under the curve for the -
-20 percent decrease in FEV, in the first 60 min
T SEM after exercise, the maximal decrease in FEV,
after exercise, and the time from the maximal
Y decrease in FEV to the return to within 5% of

n O n O n O v O v O v O v O wn
— = & &N N N F T n o wn O O >~

Minutes after exercise

the FEV value before exercise in AIA and ATA
groups with positive exercise challenge test
preceded by placebo.

Lo =1
[c BN

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:1360-1365



Montelukast attenuated or completely prevented EIB in 12 of
19 (63.2%) patients who had positive challenge after placebo
(P<0.001, aANovaA). Similar protective effect was found in
aspirin-sensitive and aspirin-tolerant asthmatics (P =0.63,
ANOvA). The effect of montelukast on post-exercise FEV, in
both study groups (n=19) with positive response to the chal-
lenge preceded by placebo is presented in Fig. 2. The mean of
maximum fall in FEV, from the pre-exercise value was
10.2% =+ 13.8 after montelukast as compared to 22.5% + 10.2
after placebo (P <0.001).

The mean changes in urinary LTE, excretion and eosinophil
count following exercise challenge in AIA and ATA patients,
taking into account their response to this challenge are pre-
sented in Figs 3 and 4.

In all patients studied (n=40) the urinary LTE,4 excretion
both baseline and following exercise preceded by placebo, was
not related to the positive or negative results of the test
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(P=0.72, ANovA). In 19 subjects with positive result of exercise
test, neither montelukast nor placebo had any influence on the
leukotriene excretion into urine (P =0.64, ANOVA), no matter
whether the patients belonged to the AIA or ATA group
(P=0.17, ANOVA).

However, AIA patients showed a higher level of the urinary
LTE, excretion at each examination interval (P <0.001), which
was caused by higher baseline levels as compared to the ATA
group. Moreover, only in AIA patients who were negative in
exercise challenge preceded by montelukast and placebo, the
decrease in the urinary LTE, excretion 2h after exercise was
noted (P <0.001) with the tendency to return to baseline levels
41 following the challenge (P =0.013). There were no signifi-
cant changes in urinary LTE, excretion after the exercise in the
ATA group, independent of the results of the challenge test.

Eosinophil count showed a significant decrease two (P =
0.04) and four (P =0.01) hours after challenge as compared to
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¥ -o- Placebo
_20 SEM
Fig. 2. Mean FEV, values in asthmatics
following exercise challenge test after
pre-treatment with montelukast or placebo (in -25
all patients presented, the exercise challenge 0 30 60 90 . 129 150 180 210 240
following placebo was positive). Time (minutes)
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Fig. 3. Urinary LTE, levels before and
following exercise challenge test preceded
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(2]
o
o

by placebo and montelukast in AIA and ATA
groups separately with positive or negative
result of exercise challenge test.
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baseline values, in those 21 subjects with negative results of the
test, preceded by placebo.

In 19 patients with positive exercise challenge test eosinophil
count showed similar tendency following the challenge
(P=0.05, ANova). This fall was not related to the pre-treatment
(montelukast or placebo, P=0.99, ANOvVA), or the type of
asthma (AIA or ATA, P=0.52, ANOVA).

In ATA patients exclusively, the higher levels of both baseline
urinary LTE, excretion (P =0.037, ANovA) and baseline blood
eosinophil count (P =0.047, ANOVA) were associated with posi-
tive response to exercise challenge. However, in the AIA group,
baseline urinary LTE,4 excretion (P =0.53, ANOvA) and baseline
blood eosinophil count (P=0.87, ANovA) had no influence on
positive response to exercise.

Discussion

Our study is the first which compares the results of the exercise
challenge in AIA and ATA patients. We observed that AIA and
ATA patients reacted similarly to exercise challenge.

The study revealed that pretreatment with a single dose of
montelukast effectively attenuates or completely prevents exer-
cise-induced bronchoconstriction. The magnitude of the pro-
tection in our study is consistent with that reported by other
authors [6, 12-15]. Leukotriene antagonists provide substantial
protection against EIB for many, but not all, patients with
asthma. Defining the subpopulations of asthmatics who may
benefit most from this therapy is a challenge [25, 26]. Contrary
to expectations, our study revealed a lack of difference in the
protection offered by montelukast on EIB between AIA and
ATA patients. Perhaps, in aspirin-intolerant asthmatics, tachy-
phylaxis and/or down-regulation of cys-LT; receptors results
from increased baseline leukotriene overproduction. The results
here presented corroborate recent reports on similar clinical
response of aspirin-tolerant and aspirin-intolerant patients to
montelukast therapy [27-29].

The AIA patients are characterized by higher baseline levels
of urinary LTE, excretion as compared to ATA patients
[16, 17]. This, however, did not influence the results of exercise

challenge tests. Similarly, in all the subjects the baseline urinary
LTE, excretion was not related to the positive or negative
results of the exercise challenge. This might suggest that cystei-
nyl leukotrienes are not major mediators of EIB. There are a
number of contradictory reports concerning the relation
between leukotrienes and EIB [6,7,9]. The reasons for these
discrepancies are not clear, but probably are associated with
the sampling time of leukotrienes, patients’ age group (children
or adults), and the fact that only about 10%—20% of cys-LTs
produced in the body are released into urine [30].

The higher baseline levels of urinary LTE, excretion were
associated with positive response to exercise challenge in ATA
patients only. The inability to predict the result of an exercise
challenge test in AIA patients could possibly be explained by
different sources of leukotrienes in AIA as compared to ATA.
In the AIA group, the leukotrienes are supposed to be released
mainly by eosinophils [31], and in ATA other cells, such as mast
cells are likely to play a predominant role in EIB.

Similar findings were observed in case of eosinophil count. At
baseline, the blood eosinophil levels had no influence on results
of the exercise challenge in the AIA group, however, in ATA
patients the higher baseline levels of eosinophil count predis-
posed to positive exercise challenge. Perhaps, this phenomenon
could be explained by differences in the biochemical activity of
the enzymes participating in cys-LTs synthesis. For example,
the expression of LTC,S mRNA in eosinophils of AIA patients
is up-regulated at base, as compared to ATA [21].

In all subjects studied, blood eosinophil count, following
positive or negative exercise challenge showed the tendency
to decrease, as already reported by Venge et al. [32]. However,
only in the patients with negative results of the tests, this
decrease was statistically significant. The reason for this eludes
us; probably assessment of eosinophils in the bronchial
mucosa and the lung tissue would give a better insight into
this phenomenon.

In summary, patients with AIA and ATA react similarly to
exercise challenge and obtain similar protection against EIB by
montelukast. Urinary LTE, excretion shows no change
following positive exercise challenge test in both study groups.
In ATA, but not in AIA patients, higher baseline levels of both
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urinary LTE,4 and blood eosinophil count are associated with
positive response to exercise challenge.

References

w

W

[o)}

~

oo

10

11

12

Anderson SD, Daviskas E. The mechanism of exercise-induced
asthma is... J Allergy Clin Immunol 2000; 106:453-9.

Suman OE, Babcock MA, Pegelow DF, Jarjour NN, Reddan WG.
Airway obstruction during exercise in asthma. Am J Respir Crit
Care Med 1995; 152:24-31.

Diamant Z, Sampson AP. Anti-inflammatory mechanism of
leukotriene modulators. Clin Exp Allergy 1999; 29:1449-53.

Lynch KR, O’Nill GP, Lius Q et al. Characterization of the human
cysteinyl-leukotriene Cys-LT) receptor. Nature 1999; 399:779-83.
Takasaki J, Kamohara M, Matsumoto M et al. The molecular
characterisation and tissue distribution of the human cysteinyl
leukotriene CysLT (2) receptor. Biochem Biophys Res Commun
2000; 274:316-22.

Reiss TF, Hills JB, Harman E et al. Increased urinary excretion of
LTE, after exercise and attenuation of exercise-induced
bronchospasm by montelukast, a cysteinyl-leukotriene receptor
antagonist. Thorax 1997; 52:1030-5.

Kikawa Y, Miyanomae T, Inoue Y et al. Urinary leukotriene E,4
after exercise challenge in children with asthma. J Allergy Clin
Immunol 1992; 89:1111-9.

Iikura Y, Nagakura T, Walsh GM et al. Role of chemical mediators
after antigen and exercise challenge in children with asthma.

J Allergy Clin Immunol 1988; 81:1050-5.

Smith CM, Christie PE, Hawksworth RJ, Thien F, Lee TH.
Urinary leukotriene E,4 levels after allergen and exercise challenge
in bronchial asthma. Am Rev Respir Dis 1991; 144:1411-3.
Meltzer SS, Hasday JD, Cohn J, Bleecker ER. Inhibition of
exercise-induced bronchospasm by Zileuton: a 5-lipoxygenase
inhibitor. Am J Respir Crit Care Med 1996; 153:931-5.

Holgate ST. The history of leukotrienes and leukotriene modifying
drugs. Clin Exp Allergy 2001; 1:193-5.

Robuschi M, Riva E, Fuccella LM et al. Prevention of
exercise-induced bronchoconstriction by a new leukotriene
antagonist (SK & F 104353). Am Rev Respir Dis 1992; 145:1285-8.
Adelroth E, Inman MD, Summers E, Pace D, Modi M, O’Byrne
PM. Prolonged protection against exercise-induced
bronchoconstriction by the leukotriene D4-receptor antagonist
cinalukast. J Allergy Clin Immunol 1997; 99:210-5.

Manning PJ, Watson RM, Margolskee DJ, Williams VC, Schwartz
JI, O’Byrne PM. Inhibition of exercise-induced bronchoconstriction
by MK-571, a potent leukotriene D4-receptor antagonist. N Engl

J Med 1990; 323:1736-9.

Leff JA, Busse WW, Pearlman D et al. Montelukast, a
leukotriene-receptor antagonist, for the treatment of mild asthma
and exercise-induced bronchoconstriction. N Engl J Med 1998;
339:147-52.

16

17

18

19

20

2

[

22

23

24

25

26

27

28

29

30

3

—

32

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:1360-1365

Montelukast and EIB 1365

Szczeklik A, Nizankowska E, Sanak M, Mastalerz L, Bazan-
Socha S. Leukotrienes and antileukotriene drugs in bronchial
asthma with special reference to aspirin intolerance. Eur Respir Rev
2000; 10:280-2.

Kumlin M, Stensvad L, Larsson LDB, Dahlen E-B. Validation
and application of a new simple strategy for measurements

of urinary leukotriene E4 in humans. Clin Exp Allergy 1995;
25:467-79.

Szczeklik A, Stadek K, Dworski R et al. Bronchial aspirin challenge
causes specific eicosanoid response in aspirin sensitive asthmatics.
Am J Respir Crit Care Med 1996; 154:1608-14.

Cowburn AS, Stadek K, Soja J et al. Overexpression of leukotriene
C,4 synthase in bronchial biopsies from patients with aspirin-
intolerant asthma. J Clin Invest 1998; 101:834-46.

Sanak M, Simon H-U, Szczeklik A. Leukotriene C, synthase
promoter polymorphism and risk of aspirin-induced asthma. Lancet
1997; 350:1599-600.

Sanak M, Pierzchalska M, Bazan-Socha S, Szczeklik A. Enhanced
expression of the leukotriene C4 synthase due to overactive
transcription of an allelic variant associated with aspirin-intolerant
asthma. Am J Respir Cell Mol Biol 2000; 23:290-6.

Nizankowska E, Bestynska-Krypel A, Cmiel A, Szczeklik A. Oral
and bronchial provocation tests with aspirin for diagnosis of
aspirin-induced asthma. Eur Respir J 2000; 15:863-9.

Guidelines for methacholine and exercise challenge testing-1999.
This official statement of the American Thoracic Society was
adopted by the ATS Board of Directors, July 1999. Am J Respir Crit
Care Med 2000; 161:309-29.

Cartwright GE, Diagnostic Laboratory Hematology. 4th edn.
New York: Grune Stratton, 1968:48-50.

Barnes NC. Effects of anti-leukotrienes in the treatment of asthma.
Am J Crit Care Medical 2000; 161:573-6.

Sampson AP, Siddiqui S, Buchanan D et al. Variant LTC (4)
synthase allele modifies cysteinyl leukotriene synthesis in
eosinophils and predicts clinical response to zafirlukast. Thorax
2000; 55 (Suppl. 2):S28-S31.

Robinson DS, Campbell D, Barnes PJ. Addition of leukotriene
antagonists to therapy in chronic persistent asthma: a randomised
double-blind placebo-controlled trial. Lancet 2001; 357:2007—11.
Szczeklik A, Mastalerz L, Nizankowska E, Sanak M. Montelukast
for persistent asthma. Lancet 2001; 358:1456-7.

Ragab S, Parikh A, Darby YC, Scadding GK. An open audit of
montelukast, a leukotriene receptor antagonist, in nasal polyposis
associated with asthma. Clin Exp Allergy 2001; 31:1385-91.
Vigorito C, Giordano A, Cirillo R, Genovese A, Rengo F,

Marone G. Metabolic and hemodynamic effects of peptido
leukotriene C4 and D4 in man. Int J Clin Laboratory Res 1997;
27:178-84.

Sanak M, Sampson AP. Biosynthesis of cysteinyl-leukotrienes in
aspirin-intolerant asthma. Clin Exp Allergy 1999; 29:306-13.
Venge P, Henriksen J, Dahl R. Eosinophils in exercise-induced
asthma. J Allergy Clin Immunol 1991; 88:699-704.



