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Summary

Bac'kgrountl Cysteinyl leukotrienes are capable of inducing chemotaxis of eosinophils
irt v' itnt and within the airways of animals and humans in r,ít,o.

rri:l[i'nllsff *Îr##î:Ti]{i:*r%i*lTvi*::1tr:llrTln
pretreatment with oral montelukast on al lergen-induced airway responses. As an explora-
tory endpoint, changes in inf lammatory cel l  di f Íbrentials and eosinophil  cat ionic protein
(ECP) were evaluated in hypertonic sal ine-induced sputum.
Method.s Twelve asthmatic men (20-34 years, FEVr 79-109o/c, predicted, histamine
PC2oFEV 1 <'1mg/ml-) with dual responses to inhaled house dust mite extract part icipated
in a t 'wtt-period. double-bl ind, placebo-control led. crossover study. Three oral doses of
monte lukast  ( l0mg)  or  match ing p lacebo were admin is tered 36 and l2h befbre,  and l2h
post-al lergen. The airway response to al lergen was measured by FEVr, and the EAR and
LAR were expressed as the corresponding areas under the t ime-response curves (AUC' -r h
and AUCj s5, respectively). During each study period, sputum was induced with 4.5c/c,
NaCl 24 h befbre and 24h after a standardized allergen challenge. Processed whole sputum

: Jii': tt"T:'#:i.#'lrHîìi J : l-*" " * :":J il::s 
e d a s p e rc e n r a g e n o n s q u a m o u s

Re,sults All subjects completed the study. The changes in baseline FEVr were not
significantly different between the two pretreatments (P:0.1tì3). Montelukast significantly
inhibited the EAR and LAR, reducing the AUCI1 : r, by I5.47c (P < 0.001 ) and the AUC j s 6
by 56.97o (P: 0.003) as compared with placebo. Sputa of nine subjects cor.rld be included in
the analysis (< 80c/o squamous cells). Allergen challenge significantly increased sputunt
eosinophi ls af terplacebo (mean change + sD: 4.8 -+_ 5.8o/o.  P:0.03tì) .  wi th a s imi lar t rend
afier montelukast (mean change -+- sD: 4.1 -r 5.4a/c; P:0.056). The allergen-induced
changes in sputum eosinophils and ECP, however, were not signifìcantly different between
the two pretreatments (P :0.652 and P : 0.506. respectively).
Conc:ltt,sion We conclude that oral montelukast protects against allergen-induced early
and late airway responses in asthma. However, using the present dosing and sample size.
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Introduction

The cysteinyl leukotrienes (cysl-T: LTC.I, LTDI and LTEa)
are generated by mast cells. eosinophils, and basophils
through oxidative degradation of arachidonic acid via the
5-lipoxygenase pathway tl l . These potent mediators
possess various bronchoactive properties in vitro, inducing
airway smooth muscle contraction 12,31, microvascular
hyperpermeabil ity and mucus hypersecretion l2l. These
pro-inflammatory effects are mediated by specifìc mem-
brane cyslT receptors of which two subtypes, cyslTl and
cyslT2 receptors, have been recognized. In human airway
smooth muscle, the cysteinyl leukotrienes all activate the
cyslTl receptor, which can be blocked by cyslTr receptor
antagonists [4].

When inhaled by nonasthmatic or asthmatic individuals,
cyslT can produce features of asthma such as airway
narrowing [5.6] and airway hyperresponsiveness to hista-
mine and methacholine t5-7]. Moreover, evidence exists
that leukotriene Da is also capable of inducing chemotaxis
of eosinophils isolated lrom human peripheral blood at a
physiologically relevant concentration (10 '0mol/L) 

t8l
These chemoattractant properties have recently been con-
fìrmed by observations from in uiuo studies in animals [9]
and in humans [0,11].  In guinea-pigs,  inhaled LTCa and
LTD4 -induced eosinophil ia in the airway submucosal layer
8 h afier inhalation, whereas pretreatment with a potent
cyslTt receptor antagonist (MK--571) almost cornpletely
prevented the eosinophil influx [9]. In asthmatic patients, a
rnarked increase in eosinophils and neutrophils was found in
bronchial biopsy specimens 4 h after inhalation of LTEa
[10].  L ikewise. inhaled LTD4 induced an increase in sputum
eosinophils in asthmatic subjects at the same time point

tl l l  These observations provided ample evidence that
cysteinyl leukotrienes are involved in the induction of
inflammatory processes within the airway wall in humans
in t'ivo.

Hence, potent leukotriene biosynthesis inhibitors and
cyslTl receptor antagonists, which have been previously
shou,n to protect against several challenges. such as aller-
gen, aspirin and exercise [2], may have anti-inflammatory
potential in the treatment clf asthma. Accordingly, pretreat-
ment of atopic asthmatics with a cyslTl receptor antagonist
for 7 days has significantly decreased eosinophil and baso-
phil numbers in the bronchoalveolar f luid 48 h after seg-
mental allergen challenge [3|. An alternative method of
examining the cellular effbcts of these compounds within
the airways is hypertonic saline-induced sputum. Indeed, in
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this way significant increases in sputum eosinophils [ 4- l6]
and ECP levels [ l5]  have been detected 24h [5,16] and
32h ll4l afier allergen challenge.

Montelukast (MK-O476) is a novel, potent cyslTt recep-
tor antagonist, which selectively competes with the specific
binding of L3Ul LTDI at the receptor site in human DMSO
dU937 cells (IC50 value 0.88 nmol/L) and which has been
shown to be generally safe and well-tolerated in humans

ll l l  In a dose-finding study with oral montelukast in
exercise-induced asthma. the plateau of a maximum clinical
effèct was reached at a dose of l0mg once daily [81. The
prirnary objective of the present study was to demonstrate
that pretreatment with oral montelukast ( l0 m,e) once daily
would prevent allergen-induced early (EAR) and late (LAR)
asthmatic responses to inhaled house dust mite extract in
asthmatic subjects. As an exploratory endpoint we added the
postulate that such protective effects by montelukast would
be associated with a reduction in the eosinophil number and
activity in sputum induced 24h after the challenge.

Subjects and methods

Sub jects

Twelve male volunteers with clinically stable, intermittent
or mild-persistent asthma [9] participated in the study
(Table l). All subjects had a history of episodic dyspnea.
chest t ightness or wheezing, especially afier exposure to
house dust mite, but denied any other relevant disorder.
There was no history of respiratory viral infections for at
least 3 weeks before and during the study, and subjects were
instructed to avoid relevant allergen exposure during the
study. None of the volunteers had ever smoked tobacco and
none was using concomitant medication except fbr short-
acting inhaled B2-agonists as needed. They were asked to
refiain from alcohol for at least 48 h before administration
of the study medication. and cafÍbine-containing beverages
were withheld 8 h before testing. Atopy to house dust mite
was confirmed by a positive weal response (> 3 mm) to a
standardized skin prick test kit consisting of 10 common
airborne allergen extracts (Vivodiagnost, ALK, Groningen.
The Netherlands). The baseline forced expiratory volume in
one second (FEV 1) was ',- 19% of predicted and all subjects
showed airway reversibil i ty afier inhalation of 200,org sal-
butamol of at least l l .5a/c (range ll.5-23a/o) L20l More-
over, all subjects were hyperresponsive to inhaled histamine
(PCzs histamine <4mg/ml at  screening) [21] .  The study
was approved by the Ethics Committee of the Leiden
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Table 1. Subject characterist ics

Age {yerrs ) Height  (cm) Atopic statusr '
FEVr

7c predicted'i

PCT0FEVT

h is tamine
(mg/mt-) f

Cumu la t i ve  dose

inha led  HDM (BU)ss

I

2

3

4

-5

fr

7

8

9

t 0

l l

T2

-) /.
22
21
26
22
20
22
/. -'l

L_'\

1 ,4

2 l
34

l8 t )
r 87 . -5
192
I t ì 3 .5
1 8 4
r90
l f ì3
l 8 l  . 5
r 8 l
1 8 6
170 .5
t 8 0 . 5

6
1
-5
5
tr
2
/ l-
-5
-5
6
I+

6

19
104
109
94
88
92
83
8 8
83
87

1 0 3
t9

0.07
0 . 3 1
0 .41
0.60
0.9-5
l .  l 0
t . l 3
l  . 4 1
1 . 4 5
1 . 5 7
1 . 7 3
3 .91

t3-5.3
682.5
t 7 0 . 6
3 4 1  . 3
85.3

3,1I  .3
n0.6
110.6
110.6
3 4 r . 3

136-5
I  365

* Atopic status as determined by the number of weal responses to l0 common iLllergen extracts (Vivodiagnost, ALK). +Baselines in
percentà8e of the predicted values. +Provocative concentration oîhistamine causing a 20clr, lalì in FEV I trom baseline. $Cumulative dose oî
inhaled house dust mite (HDM) extract in BU (biological units) during the two allergen challenges in the srudy periods.

Un i ve rs i t y  Med i ca l  Cen te r  and  a l l  pa r t i c i pan ts  gave  w r i t t en

consent.

Stucly tlesign

Befbre entering the study, al l  subjects were seen on fìve
separate screening visi ts within 7 days, during which the
selection cri teria were examined. On screening day l ,  a
questionnaire, a histamine chal lenge and a skin prick test
were performed. On screening day 2. the subjects underwent
a mult idose skin prick test with house dust rnite extract for
determination of the skin test sensit ivi fy 122]. Subsequently,
they inhaled the allergen diluent and FEVI was measured
repeatedly unti l  8h after inhalat ion [21]. Sputum was induced
24h before (screening day 3) and24 h afier (screening day 5)
an allergen challenge [22], which was perlormed on screening
dary 4. The subjects were enrolled in the study provided that
they had at documented EAR (fall in FEVr > 20a/o from

baseline. between 0 and 3 h post-allergen) and LAR (fall in
FEVr (=15q" from baseline between 3 and 8h post-al lergen)
to inhaled house dust n-rite extract, and that FEVI remained
stable (+ l07c fiom baseline) afier inhalation of the diluent of
al lergen [211. Furthenlore, prestudy physical examination,
ECG, chest X-ray, laboratclry safèty tests, including blood and
urine. had to be within normal l imits.

The study had a double-bl ind, placebo-control led and
crossover design and consisted of two periods of 4 con-
secutive days each. The subjects visi ted the lab at the
same t ime of the day on al l  occasions (-f  2h). Al l  periods

(screening, period I and II)  were separated by a washout

in terva l  o f  a t  least  I  I ,  and r r - rax imal ly  z l2  days [23]  (F ig .  l ) .

During study periods I and II ,  PCrg histamine was deter-

mined on day 1. Provided that their asthma was cl inical ly

stable, and PC,1; histamine was within one dclubl ing concen-

tration of screening and/or period I. the subjects were

instructed to take the study medication in the evening on

study days I through 3 in a blinded miìnner. On clays 2 and 4.

sputum induction was perlbnned 24 h befbre and 2;l h afier a

standardized al lergen chal lenge. respectively. the latter being
performed on day 3l2l l .PC:g was not repeated on day 4,

since sputum was perfbrmecl on that occasionl24l. At the end

of each study period laboratory safèty tests were repeated.

I nh ul ut i on chul I e n c e.g

Histantine inhul ution Íe st

His tamine chal lenges were per formed us in_e h is tamine-ac id-

phosphate (S igma Chemica ls ,  St  Lor - r is .  MO. USA).  The

tests were pelforrned by t idal breathing method: doubling

concentrat ions of histamine (0.03-8 mg/ml in phosphate-

buffbred sal ine) were aerosol ized by a DeVilbiss 646

nebul izer  (output  0 .13ml /min;  DeVi lb iss ,  Somerset .  PA.

USA) and inhaled by t idal breathing, for 2 min at 5-rnin

intervals, unti l  FEV 1 dropped by > 20o/c from baseline [2 ]  l .

Allergen inholufion fest

Al lergen chal lenges were also performed according to a

standardized protocol 121,22,251. Purif ied aqueous al lergen
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Fig. 1. Stucly design. A two-period.
randomized, placebo-control led. crossover
stucly. Arrows indicating the dosing t imes
of MK-0476 or placebo. H: histamine.
S : sputum induction. A: al lergen
challenge.

M K - 0 4 7 6  1 x 1 0 m g Placebo

11-42 days

11-42 days

P l a c e b o

V Y

M K - 0 4 7 6  1 x 1 0 m g

fa l l  f rom basel ine [211. The tests wert :  d iscont inued once a
> 207a fall in FEVr from baseline was reached.

The airway response to allergen was measured in dupli-
cate, l0 min after each inhalation of allergen, and repeated
afier 10. 20. 30, 40, 50. 60. 90 and 120 min and then hourly
unti l 8 h after the last inhalation. At each time point. the
highest. technically satisfactory FEVy r, 'alue was applied in
the analysis and expressed as percentage change in FEVl
from pre-allergen baseline 121,251. Measurements were
discontinued as soon as any ol' the subjects developed
e l in ica l l y  s ign i f i can l  a i rway  nar rowing  (e i ther  a  d rop  in
FEVr > 55c/o f iom basel ine or an FEVr < l .4L) or exper i -
enced serious discomfort. Rescue treatment could be
inst i tuted immediately according to recent guidel ines 1211.

TreaÍment

Montelukast w.ìs supplied by Merck Sharp & Dohme
Research Laboratories (Rahway. NJ, USA) as l0m-{ tablets
or matching placebo. The blinded medication was admini-
stered in three oral doses of l0mg each at 36 and l2h
befbre.  and at  l2h af ier  a l lergen chal lenge [ l7.18].

Sputunt indttctiott

Sputum was induced by inhalations of hypertonic saline
(NaCl 4.5o/a), according to recently described protocols

115,26.211. Hypertonic saline aerosols were generated at
room temperature by a DeVilbiss Ultraneb 2000 ultrasonic
nebulizer with a calibrated particle size (mass median
aerodynamic diameter ,1.5 pm) at maximal output (2.5 mLl
min). The aerosols were delivered to the subjects via a 100-
cm-long tube with an internal diameter of 22 mm, and
inhaled via the mouth through a two-way valve (No.
21001' Hans-Rudolph. Kansas City, MO. USA). Immediately
before inhalation of the aerosols. FEVr was recorded. and
fbr saf-ety reasons 200 pg salbutamol was adrninistered by
a metered dclse-inhaler (Volumatic@, Allen & Hanbury Ltd,
Greenford, UK). Subsequently, the subjects inhaled hyper-
tonic saline aerosols durinq 3 x -5 min and 2 x l0 min inter-

extract of Derntatophugoide:i pteronvssirtu.E (SQ -5031 Vivo-
diagnost, ALK). with 0.-5olo phenol as a preservative. was
prepared from the same production batch for both the
multidose skin prick tests and bronchoprovocation tests.
Each subject had his own stock solr,rt ion of 5 mL. containing
10000 BU/mL. which was di luted to 25 mL with Vivodiag-
nost diluent (phosphate-buff 'ered saline with 0.03% human
serum albumin and 0.5c/o phenol) and divided in fìve equal
portions of 5 mL containing 2000 BU/rnL. stored at 4oC.
lmrnediately before inhalation. doubling dilutions from this
stock were prepared ranging from 2000 to 15.63 BU/rnL.
PCzti allergen was predicted from PC21; histamine and skin-
test sensitivity. derived from a rnultidose skin prick test.
acccrrding to Cockcrofi's rnethod 1221. Starting two con-
centrations below the predicted PC26 allergen. 3 mL of
consecutivc doubling concentrations of allergen were aero-
sol ized by a DeVi lb iss 646 nebul izer (output 0.13 ml/min).
which was connected to an inspiratory and expiratory valve
box with an expiratory aerosol f i l ter (Pall Ultipor BB50T.
Medica BV, Den Bosch. The Netherlands), and inhaled by
tidal breathing for 2min with the nose clipped at l2min
intervals. unti l a fall in F'E,Vr of >20% fiom baseline was
reached. Each subject inhaled three doses of allergen con-
taining the saÍnc curnulative concentration during both
study periods (Table I ).

Re spons e m e us Lt re nle nÍ s

The airway responses to the inhaled aerosols were measured
by FEV I according to standardized lung function techniques
[20] and recorded by a dry-roll ing-seal spirometer (Morgan
Spiroflow, Rainham, UK) in series with a plotting system
(Kipp, BD 90. Delfi, The Netherlands). Before each
test. FEVl wnS measured in triplicate. and the highest,
technically satisfactory value was considered as baseline
F E V r .

The airway response to histamine was obtained by FEVy
measurements at 30 and 90 s afier each dose. Afier each
dose of histamine, the lowest. technically satisfactory FEVr
value was applied in the analysis to calculate the percentage
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vals, up to 35 min. Afier each inhalation, or as soon as the
subjects experienced cough, they were asked to blow their
nose, to rinse their mouth and throat with water. and to
expectorate sputum into a clean plastic container by cough-
ing. Sputum induction was discontinued afier 35 min inha-
lation time, or as soon as an adequate, + I mL sputum
sample was obtained. After testing, FEVI was recorded and
additional salbutamol was administered" in case of a >- l}c/a
fall in FEVr from baseline.

Sputum proce.s,;ing

Whole sputum samples were processed according to a
recently validated protocol by Fahy et ul. [-5], with modi-
fications 126,211. Shortly, the volume of the induced sputa
samples was determined and mixed with an equal volume of
0.17o sputolysin (Dithiothreitol. Calbiochem, La Jolla, CA,
USA). To ensure adequate homogenization, the samples
were placed in a shaking water bath at 37'C for l5 min, once
interrupted by gently mixing the sample with a plastic
pipette. The homogenized sputum was centrifuged at
1400r.p.m. at  4oC fbr 10min without break. The super-
natants were aspirated and frozen at - 20"C pending
analysis. The cell pellets were resuspended in phosphate-
buffered saline (PBS) to a final volume of 2-5 mL, fbllowed
by filtration through a gauze (pore size : 1 mm) to remove
clumps. Cell counts were performed in a haemacytometer
(Tamson, Zoetermeer, The Netherlands). to obtain an esti-
mate of the total number of cells per sample. Subsequently,
the sample was diluted with PBS to a final concentration of
-r 0.4x 10" cells/ml which was used fbr preparation of
cytocentrifuge slides (50 pLlcytospin; Shandon 3, Life
Sciences International, Veldhoven, The Netherlands).

Differential cell counts of eosinophils, neutrophils, lym-
phocytes, macrophages, epithelial and squamous cells were
performed on May-Grùnwald-Giemsa-stained cytospins. In
addition, mast cells were counted on Toluidine blue-stained
cytospins. In each sputum sample, at least 500 nucleated
cells, excluding squamous cells, were counted twice by the
same blinded investigator (cytopathologist: M. V. C.) and
the average percentage of each cell type was calculated and
expressed as percentage nonsquamous cells. If > 80o/o of the
cells consisted of squamous cells, the quality of the sputum
sample was judged unsatisfactory and was excluded from
analysis.

Concentrations of eosinophil cationic protein (ECP) were
measured in all defrosted supernatants at the same time
using a FEIA (fluorescence enzyme immunoassay; Pharma-
cia CAP System ECP FEIA, Kabi Pharmacia Diagnostics
AB, Uppsala, Sweden; detection l imit: 2 pglL).

Anulr-ses

The airway responses to inhaled allergen were expressed as

percentage fall in FEVI from pre-allergen baseline and
plotted as time-response curves. The activity of montelukast
on the allergen-induced airway responses was determined
by comparing the maximurn percentage fall in FEVl from
baseline with the corresponding area under the time-
response curve (AUC) for both the EAR (0-3 h post-
allergen) and the LAR (3-8 h post-allergen) between
placebo and montelukast pretreatment periods 121,251.
The AUCs were determined by the trapezoidal rule 12ll.
In addition, the difÍerences in allergen-induced changes in
sputum ditferential cell counts of mast cells, eosinophils,
neutrophils, lymphocytes, macrophages, epithelial and
squamous cells, and ECP levels between the two pretreat-
ments were assessed by comparing the values of these
parameters 24h before with 24 h after allergen challenge.
Since the ECP data showeci a skewed distribution. los
transformations were applied before analysis [26].

For the assessment of treatment differences (montelukast
vs. placebo) in the parameters, repeated-measures analysis
of variance (vnNove) was applied. The model contained
factors for sequence, patient within sequence. period and
pretreatment. P values < 0.05 were considered statistically
significant.

The present sample size of l2 subjects would enable us to
detect a + 447a mean inhibit ion of the maximal percentage
fall in FEVr during the EAR. and a + 22o/o mean reduction
of the maximal percentage fall in FEVl during the LAR
between montelukast and placebo (a :0.05 [two-tailedl,
0 :0 .10  [one- ta i led l ) :  power  0 .90  f281.

Furthermore, based on a previous repeatabil ity study in
our lab, applying similar methodology of sputum induction
in 10 patients with clinically stable asthma and similar
subject  character ist ics on two separate occasions. a sample
size of l2 subjects would enable us to detect a difference of
4.97o in the changes in sputum eosinophils between the two
pretreatments (a : 0.05 [two-tailed]. 13 -- 0. l0 lone-tailed];
power : 0.90) 1261.

All statistical tests were perfbrmed using the SAS version
6.10 for Windows and Statistical Packase of the Social
Sciences (SPSS-PC +).

Results

Sa.fetl'

All subjects completed the study. Montelukast was gener-
ally well tolerated in all subjects. No changes in physical
examination, blood haematology and chemistry. urine, or
electrocardiograms were noted.

Airwuy cctlibre

Although pre-allergen baseline FEVl wàS slightly increased
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after montelukast, as compared with placebo (P:0.037),
the changes in baseline FEVl were not significantly differ-
ent between the two pretreatments (mean change + SD:
0.03 - |  0.14L, and -  0.06 -r  0.21L. respect ively;  P -

0.183).  At  24 h post-al lergen, basel ine FEVr was signi f i -
cantly reduced after both pretreatments, as compared with
pre-allergen baseline (mean difference + SD: -0.21 -r

0.32L, P:0.044 (MK-0476),  and -  0.60 -1_ 0.63 L,  P -

0.008 (P)) .  These changes in basel ine FEVl were s igni f i -
cantly smaller after montelukast as compared with placebo
( P : 0 . 0 1 4 )  ( F i g . 2 ) .

Al I e rgen- i ncl uc' e cl u i rwn1, re spons e s

Inhaled house dust mite extract produced dual responses in
all subjects. As compared with placebo. montelukast mark-
edly inhibited the EAR, reducing the maximal percentage
fall in FEVr from baseline (mean + SD: 31.3 -1_ 14.1c/c fall

[p lacebo] and 13.8 - ]_ 6. lc/o f -a l l  [MK-04761; P:0.002) by
an average of -53.6a/o, and reducing the AUCg j6 (mean
+ SD: 49.0 -+ 34.4o/o fall.h [placebo], and I 1.5 -1_ l.9Va f'all.h

fMK-04761; P<0.001) by an average of  l5.47o (Fig.  3) .
Furthermore, montelukast significantly reduced the LAR
both in terms of the maximal percentage fall in FEVl fiom
baseline (mean + SD: 39.0 -f l5.lVo fall [placebo], and
26.1 -r 12.3o/o fall [MK-0476]; P:0.008) by an average
of 36.4Vo, and as the AUC: s n (mean + SD: 128.1 + 66.0Va

Placebo M K-0476

9____..-_.1.-q

" _ . - _ * _ o

Fig. 2. Baseline FEVr G) befbre and 21h afier allergen challenge
during placebo and montelukast (MK-0476) pretreatment periods. At
2rlh post-allergen, baseline FEVl was reduced after both pretreat-
ments, as compared with pre-allergen baseline (placebo: P:0.008;
MK-0476: P:0.044). These changes in baseline FEVl were sig-
nificantly different between the two pretreatments (P:0.014).

e 1999 Bf ackwell Science Ltd, Clinicul und Exlterimentul Allergt,.29.42-51

fall.h lplacebo]. and 64.6 a' 40.1oh f 'all.h [MK-0476],
P:0.003) by an average of  56.9a/o (FiS. 3).

Allergen-inducetl chctnges in sputum c:ell dffirentiol.s

Adequate sputum samples at all study days were obtained
from nine subjects only. Subjects one, four, and ten were
excluded from analysis because their sputum samples con-
tained >80c/o squamous cells on most study days. The
average (*so) percentage of squamous cells in sputum
was 25.2 + 26.4c/o. The cell viabil ity of all sputum samples
was good (range 60.2-11.9%). Since there were hardly any
mast cells in the samples, they are not reported in the
analysis.

Pre-allergen, there was no si-enificant difference in the
percentage sputum eosinophils between placebo and mon-
telukast pretreatments (P :0.361). During the placebo pre-
treatment period, there was a significant rise in the
percentage sputum eosinophils after allergen challenge
(mean change + SD: 4.8 -1_ 5.87a, P:0.038).  A s imi lar
trend did not reach significance during montelukast treat-
ment (4.1 -r  5.4Vo, P:0.056).  However,  these al lergen-
induced changes in the percentage eosinophils were not
significantly diffèrent between placebo and montelukast
(P:0.652; Table 2, Fig. 4). During montelukast there
was a significant reduction in sputum bronchial epithelial
cel ls (mean di f ference -11.0 - f  8.9o/o.  P < 0.006).  There
were no signifìcant changes in any of the other inflam-
matory cell diffèrentials between placebo and montelukast
(P  >  0 .  l -5 ) .

Allersen-indLtcecl chunpe.s in ECP level,s

Sputum ECP levels were signifìcantly increased afier aller-
gen challenge during both periods (placebo and montelu-
kast) as compared with pre-allergen (P<0.050) (Table 2).
There was no signifìcant difference in the increases in
sputum ECP levels between placebo and montelukast
pretreatment periods (P : 0.506).

Discussion

The results of the present study demonstrate that pretreat-
ment with montelukast (MK-0476), a potent and selective
cysLTl receptor antagonist, provides considerable pro-
tection against allergen-induced early and late airway
responses in asthmatic subjects, afier two once daily
doses. It is unlikely that these protective efÍbcts were
predominantly caused by bronchodilator effects, since two
doses of montelukast did not signifìcantly change pre-

allergen baseline FEVr as compared with placebo. The
present findings can be explained by effective antagonisn't
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Placebo
M K- 0476

' 2 3 4 5 6

T i m e  a f t e r  a l l e r g e n  c h a l l e n g e  ( h o u r s )

Fig. 3. Time-response curves in percentage

change f rom pre-al lergen basel ine FEVl
(mean + suH,r)  0-8h af ier  a l lergen

chal lenge dr-r r ing placebo and montelukast
(MK-0476) pretreatment per iods.

Montelukast  markcdly inhib i ted the EAR

reducing the niaximal  percentage fa l l  in

FEVl fiorn biiseline by an average of

53.6c/c, and redr-rcing the AUCI; -j;, by an

average of  7 5.1c/c.  In addi t ion.  montelukast

also decreased the LAR. reducing the

maximal  percentage fa l l  in  FEVl f iom

baseline by an average of 3(:.4%. ancl the

AUCr 36 by on average 56.9a/c.

tr iene therapy on cellular or soluble inflammatory para-
meters in humans afier single or short-term multiple dose
administrat ion [3.35,36].  In asthmat ic indiv iduals,  8 days
of 4 x 600 mg daily pretreatment with an oral -5-l ipoxy-
genase inhibitor. zileuton, significantly reduced eosinophil
numbers in BAL fluid as well as the LTEa production in
BAL and urine, 24h afier segrnental allergen insti l lation

[351. Likewise. 7 days of pretreatment with oral zafirlukast
l60mg b. i .d.  provided a s igni f icant decrease in eosinophi ls
and basophils in BAL fluid from asthmatic subjects. zltì h
after a segmental allergen challenge f l3l. Taken together.
preliminary evidence exists fiom BAL studies in asthmatics
that anti leukotriene drugs may possess anti-inflammatory
properties in allergen challenge. when administered for at
least I week.

When applying a validated methodology of splrrum
induction L15,26.211. we were unable to detect ar-r effèct
of three doses of montelukast on the allergen-induced rise in
the percentage eosinophils and ECP levels in sputum. We
expected at least a difÍèrence of 4.9Vc, in the changes in
sputum eosinophils between the two pretreatments. but we
found a difference of only 0.8clc. Several factors could
account for  th is:  (  l )  the l imi ted r ise in al ler_een- induced
sputum eosinophils during placebo period: (2) too short
pretreatment with montelukast: or (3) insufficient power for
detecting such a small difference in the nine remaining
subjects.

First, in our study the allergen-induced rise in the per-
centage sputum eosinophils appeared to be rather low as
compared with other allergen studies Ir1-16]. Several
factors could account for these different f indings. such as
a greater number of subjects [14], a diffèrent methodology
or timing of sputum induction [ 14, l6], or a different method
of allergen provocation testing tl5l. Taken together. these
differences in methodology and perfbrmance may account

O f 999 Blackwell Science Ltd, Clinit 'crl und E.rperitnentol Allergt'.29.42-51
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of the cysteinyl leukotrienes released following allergen
challenge. Our results do not favour anti-inflammatory
effects of montelukast when given during such short
period of t ime, since we were unable to demonstrate
protection against allergen-induced increases in number
and activity of sputum eosinophils, using the present
dos ing  und sample  s ize .

Our tìndings confirm and extend observations obtained
fiom previous allergen challenge studies with potent cysLTy
receptor antagonists in asthmatic subjects. Given in one
single oral dose (40 mg) 2 h before challenge, zafirlukast has
been shown to protect against the EAR and the LAR
reducing the maximal percentage tall in FEVl from baseline
by 8lo/c and 54c/a. respectively. and even against the aller-
gen-induced airway hyperresponsiveness to histamine at 6 h
after inhalation L291. Another pote nt cyslT 1 receptor
antagonist. MK--571, administered intravenously (450 mg)
before and up to 8 h after the challenge. also provided
adequate protection against allergen-induced airway
responses, blocking the AUC9 : n by 88o/c and the AUC:
ren by 63oh 1301. However, the oral route of administration
appears to be more sr-ritable for the management of day-to-
day asthma. Therefore, when comparing our data with
findings fì"om these allergen studies. montelukast has been
shown to possess a f-avourable pharmacodynamic profi le
and similar degree of inhibit ion of the EAR and the LAR.

Allergen inhalation induces an inflammatory response
within the airways in which several pro-inflammatory
cells and mediators are implicated [,3]-34]. The early
response predominantly involves IgE-triggered mast cell
mediator release, whereas in the late response activated
eosinophils appear to be the most important efÍbctor cells,
releasing pro-inflammatory mediators including ECP and
leukotriene D+ [,32,33]. So f-ar, only a f-ew allergen
challenge stuclies have reported on the efÍects of antileuko-
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Table 2. Sputum cell diffèrentials and ECP pre- and post-allergen during placebo ancl montelukast (MK-0476) pretreiìtment periods

Eosinophils (7o) Neutrophi ls (7c) Lymphocytes (%) Macrophages (%) ECP (pgi lr  CV)

P pre
P post
M pre
M post

2.7 -r 2.6
7.-5 -+- 6.1r,
-5.-5 -f  10.4
9.5 - f  I  l . -5

28.2 -r 21.7
3 7 . 1  - f  1 5 .  l
24.7  ' r  11.9
38.9 -1_ 28.-5

-57.1 -+-  19.8
42.8 - f  13.5 ' i '
-52.7 -r_ 18.9
44.1 -t  24.9

155.6 G2Vo)
641 .8 (32c/cyr

12.9 (507a)

502.6 (42"/oyr

4.3  - f  3 .5
4.3 -f  5.0
2.5 - t  2 .2
3.9 - r  3 .2

' r Significantly different from prechallenge values (P<0.05). Cell
geometric mean (coefficient of variation : CV in percentage). P pre:
pretreatment period after allergen challenge. M pre: MK-0476
pretreatment period after allergen challenge.

for at least some of the different f indings between our study
and the others. However, the observation that a significant
and similar rise in the percentage sputum eosinophils was
found during both the screening and placebo period, is in
f-avour of a reproducible methodology in the present study.

Second, inhibit ion of inflammatory markers after allergen
challenge has only been achieved afier a pretreatment
period of at least 1 days !3.3-51. Hence. for optimal
blockade of eosinophil recruitment into the airways, mon-
telukast may also require a more prolonged pretreatment
instead of the 36-h period in our study. This resembles
recent observations with inhaled steroids. A single dose of
inhaled beclomethasone (500 pg) 30 min before allergen did
produce a (cornplete) inhibit ion of the late response. but
tailed to protect against sputum eosinophil ia l-48h post-
challenge [37]. However. pretreating patients with inhaled
beclomethasone (400 p.gld) for 7 days not only reduced
the allergen-induced airway responses, but attenuated the
allergen-induced airway hyperresponsiveness and sputum

diffèrentials in percentage nonsquarnous cells (mean -+ SD). ECP in
placebo pretreatment period before allergen challenge. P post: placebo
pretreatment period before allergen challenge. M post: MK-0476

eosinophi l ia as wel l  t l6 l .  Correspondingly.  4 weeks of
treatment with montelukast has been shown to reduce
eosinophils in induced sputum by 48c/o from patients with
mi ld asthma [38].

And third, we based our sample size of l2 subjects on a
repeatabil ity study of the inflammatory markers in whole
samples of induced sputum in patients with similar subject
characteristics [26] and on previous sputum data in allergen
challenge [5]. At the end of the study, however. sputum
samples of only nine subjects were appropriate tbr analysis
due to an excess (> 80c/o) of squamous cells in three
subjects. When comparing the present allergen-induced
changes in the percentage eosinophils between the screen-
ing and placebo periods, a sample size of nine subjects
would have been sufficient to detect a difference of at least
6.)a/o in the changes in sputum eosinophils between the two
pretreatments at 9oo/o power. However, we found a differ-
ence of 0.\Vo in these changes. This indicates that the power
of the study was insufficient to provide a definite answer on

3 5

25

Screen ing

Before After
A l le rgen

Before After
A l le rgen

Before After
Al lergen

Placebo M K- 0476
O--O

Fig. 4. Percentage sputum eosinophils 24 h
befbre and 24 h afìer allergen challenge
during screening. placebo and montelukast
(MK-0476) pretreatment periocls. Pre- 9=

allergen percentage sputum eosinophils È
were not signifìcantly different between E
these three periods (P:0.-504). After 3
al lergen chal lenge, there was a signif icant c)

rise in the percentage sputum eosinophils ò<

during the placebo period (P:0.038), with
a sirnilar trend during the MK-0476 period
(P: 0.056). The changes in the percentage
sputum eosinophils were not signif icantly
different between the pretreatment periods
( P :0.652.).
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the mode of  ac t ion o f  monte lukast .  due to  a  l imi ted a l lergen-

indr - rced r isc  in  thc  percentage o l 'spL l tum eos inophi ls .

In  summary.  we have shown that  the potent  cys lT l

receptclr antagonist monteIukast providcs protectir-rn against

thc  a l lergen- inc luced a i rway responses in  hurnans i r t  t ' i vo .

This f ìnding underl incs the importance of the rcl le ol '

cys te iny l  leukot r ienes in  both the ear ly  and the la te  asth-

matic responses" anci demonstrates that montelukast may be

ef Íbct ive in  the t re i ì tment  o f  a l lc rg ic  asthma.  Howcver .

pretreatment r. l  i th threc oral once dai ly doses of nrontelukast

before and during al lergen chal lenge provided insul ' f ìcient

informaticln on i ts cffects on sputLlm cel lular markers and/or

act iv i ty  in  the prcscnt  samplc  s izc  o1-n ine sLrb, jec ts .  Hencc.

more prolonged pretreatnlent in largcr groups with nronte-

lukast  shor- r ld  c lan ly  i ts  potent ia l  ant i - in f larnmatr l ry  e f fec t  in

a l lergen chal lenge.
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