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249-256 ── Mild persistent asthma is most effectively controlled with inhaled 
corticosteroids.  Leukotriene receptor antagonists have complementary effects to 
corticosteroids on inflammation control.  The additional effect of a leukotriene 
receptor antagonist, zafirlukast, was investigated in stable asthma patients under 
control with inhaled budesonide.  We conducted a randomised, double-blind, 
placebo-controlled, single center trial to investigate the effects of add-on zafirlukast 
treatment to budesonide, on symptom score, pulmonary function, bronchial 
responsiveness, and serum levels of eosinophilic cationic protein (ECP) and 
antioxidant capacity in stable asthmatic patients under control with inhaled 
budesonide.  The present study included 21 mild or moderate asthmatic patients (8 
males and 13 females), who were stable at least for 6 weeks with inhaled budesonide 
(400 μg/day).  Serum total antioxidant capacity (TAC) and ECP levels were 
measured, and symptom scoring, spirometry, and bronchial provocation with 
methacholine were performed.  Then, the patients were randomised to use either 
placebo or oral zafirlukast (40 mg/day) in addition to budesonide for 6 weeks.  At the 
6th week, symptom scoring, spirometry, and bronchial provocation tests were 
repeated and serum TAC and ECP levels were measured again.  After add-on 
zafirlukast treatment to budesonide, forced expiratory volume in 1 second (FEV1), 
TAC and ECP values did not change significantly (p > 0.05) but bronchial 
hyperresponsiveness and symptom score decreased significantly (p = 0.022) 
compared to baseline.  Thus, in stable asthmatic patients, add-on zafirlukast treatment 
to budesonide improves symptoms and decreases bronchial hyperresponsiveness. 
──── asthma; inhaled steroid; total antioxidant capacity; zafirlukast; eosinophilic 
cationic protein
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esis and corticosteroids are not effective in 
leukotriene pathways in contrary as has been 
thought before (Djukanoviç et al .  1992).  
Corticosteroids also do not inhibit the release of 
free oxygen radicals from eosinophils (Barnes et 
al. 1998).

Inhaled steroid therapy is presented as the 
first choice in mild asthma.  On the other hand, 
there are cases, which are unresponsive to inhaled 
steroid and leukotriene receptor antagonists 
(Zhang et al. 1995).  Although being under in-
haled steroid therapy those cases continue to have 
leukotriene presence in bronchoalveolar fluid and 
induced sputum (Hood et al. 1999; Pavord et al. 
1999).  Guidelines advice inhaled steroid and long 
acting β 2 agonists as the first choice of therapy in 
moderate persistent asthma.  There is a report 
demonstrating that the combination therapy fails 
to achieve an effective inhibition of eosinophilic 
cells (Laviolette et al. 1999).

Leukotriene modifiers have been used as 
add-on therapy and can exert a steroid-sparing ef-
fect in patients with moderate to severe asthma.  
They may also improve asthma control in patients 
whose asthma is unstable under low or high doses 
of inhaled glucocorticosteroids (National Heart, 
Lung and Blood Institute 2002).  At the same time 
leukotriene modifiers can improve the patients’ 
symptoms and lung functions and decrease num-
bers of asthma exacerbations (National Heart, 
Lung and Blood Institute 2002).

In this study we investigated the effects of 
add-on zafirlukast treatment on symptom score, 
spirometry, bronchial hyperresponsiveness, and 
serum levels of ECP and TAC in patients under 
treatment with inhaled steroid.

MATERIALS AND METHODS

Fourty eight  asthmatic pat ients  who 
presented to the outpatient clinic of Cerrahpasa 
Medical Faculty Department of Pulmonary 
Disease with dyspnea, cough and wheezing and 
who were diagnosed as having mild or moderate 
persistent asthma (with FEV1 > %70) according 
to the report of International Consensus on 

Chronic airway inflammation, the main 
mechanism underlying asthma, causes structural 
changes leading to bronchial hyperreactivity such 
as epithelial desquamation on bronchial wall, 
vasodilatation, edema, smooth muscle hypertro-
phy, mucus hypersecretion, subepithelial fibrosis 
and mucous gland hypertrophy (Guidelines for 
the Diagnosis and Management of Asthma 1997).

Eosinophils are one of the major effector 
cells in asthma, which release major basic protein 
(MBP), eosinophilic cationic protein (ECP), eo-
sinophil peroxidase (EPO), eosinophil-derived 
neurotoxin (EDN) and hydrogen peroxidase 
(H2O2).  ECP has been investigated in diagnosis 
and monitoring of asthma in recent years.

It has been suggested that reactive oxygen 
radicals might contribute to airway dysfunction in 
asthma (Abraham 1997).  Free oxygen radicals 
are responsible for the damage caused by 
inflammatory cells.  Reactive oxygen radicals 
release inflammatory mediators that cause 
bronchoconstriction, hypersensitivity of the 
airway, increase in mucus secretion, inhibition of 
ciliary activity and decrease in mucus clearance 
(Abraham 1997).  Eosinophils are one of the most 
important components in airway inflammation 
and they produce free oxygen radicals more than 
polymorphonuclear leukocytes and alveolar 
macrophages (Sedgwick et al. 1988; Zoratti et al. 
1991).

Inflammatory cells release leukotrienes in 
addition to other cytokines and mediators.  
Leukotrienes are produced by the enzyme 
5-lipooxygenase from arachidonic acid and cause 
smooth muscle cell spasm, increase the vascular 
permeability and mucus production, decrease 
mucociliary transport and are related to leukocyte 
chemotaxis (Spector 1995).  It has been reported 
that leukotrienes specifically decrease the 
eosinophil counts in airways (Wenzel et al. 1995; 
Knorr et al. 1997; Calhoun et al. 1997, 1998).  
Corticosteroids are effective in every stage of 
airway inflammation and their use revolutionised 
the asthma treatment.  It is known that leuko-
trienes have an important role in asthma pathogen-
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Asthma (National Heart, Lung and Blood Institute 
1997), were screened for the study after the 
protocol has been approved by the Cerrahpaşa 
Medical Faculty Ethic Committee.  Patients with 
gastroesophageal reflux, nasal symptoms (rhinitis, 
sinusitis etc.) and psychological problems were 
excluded.  The remaining patients were given 400 
μg daily budesonide and as needed short acting 
beta-agonist treatment for 6 weeks.  At the end of 
6 weeks, 21 of them (8 male, 13 female), who did 
not have night-time symptoms more than twice a 
month and/or who did not have day-time symp-
toms more than once a week (reversibility 
< 12%), decided to participate in the study and 
made up our study population.  All the subjects 
gave written informed consent.  The patients were 
randomised into two groups according to their 
order of presentation to outpatient clinic.

After six-week treatment with inhaled 
budesonide alone, patients were treated with pla-
cebo or oral zafirlukast (40 mg/day) in addition to 
inhaled budesonide and as needed short acting be-
ta-agonist treatment for 6 weeks.  The characteris-
tics of the patients are shown in Table 1.  At the 
end of 6-week treatment, mean symptom scoring 
and asthma control days were calculated; respira-
tory function tests and bronchial provocation tests 
were repeated; serum TAC and ECP levels were 
determined.

Severity of asthma symptoms was recorded 
each morning and evening by patients on diary 
cards for the duration of the study.  Day-time and 
night-time asthma symptom scores were graded 
on a scale of 0-3 (0 = none, 1 = mild, 2 = moder-
ate, 3 = severe).  Night-time awakening due to 
asthma symptoms and use of rescue medication 
were also recorded.  Asthma control days were 
defined as days without asthma symptoms, noc-
turnal awakening and rescue medication.

Respiratory funct ion tes ts  (Vmax22 
Sensorimedics, The Netherlands) were performed.  
The highest values of three or more FEV1 and 
forced vital capacity (FVC) readings were 
recorded.  A reversibility test was performed at 
the screening visit for testing the patient’s stability 

by measuring FEV1 before and after inhalation of 
0.4 mg salbutamol.  Methacholine was used for 
non-specific bronchial provocation tests using 
Vmax 22 Sensorimedics dry spirometer and MM 
FDC88 Mediprom dosimeter which allows to 
adjust inhalation time, rate and the amount of 
drug inspired with each inhalation.  American 
Thoracic Society (ATS)-guided methacholine 
challenge test was applied by two-minute tidal 
breathing protocol (American Thoracic Society 
2000).

Blood was drawn for  TAC and ECP 
determinations.  ECP determinations were 
performed in the Allergy Laboratory of our 
department with Pharmacia Unicap 100 instru-
ment based on fluoroimmunoassay method and 
TAC determinations were performed in the 
laboratory of Department of Biochemistry in our 
faculty with Randox Total Antioxidant Status 
C.A.T.  No/KAT.NR.NX 2332 kit.  All of the 
above mentioned analysis other than TAC were 
performed at  presentat ion,  at  the end of 
budesonide treatment alone and at the end of add-
on treatment.  TAC measurements were only per-
formed at the end of budesonide treatment alone 
and at the end of add-on treatment.

Statistical analysis was performed with SPSS 
(Statistical Package of Social Sciences); Pre- and 
post-trial values were compared with Wilcoxon 
Signed Rank test; between-group comparisons 
were performed with Mann Whitney’s U-test and 
between-group symptomatic assessment results 
were analysed with chi-square test.

RESULTS

The patients were 16-48 years old and had 
asthma for 1-19 years.  There were no statistically 
significant differences in mean age values and 
male/female ratios between the placebo and 
zafirlukast groups (Table 1).  Mean symptom 
scoring and asthma control days are shown in 
Table 2.  All patients had mild or moderate 
persistent asthma.  There were no statistically 
significant differences in baseline respiratory 
function tests between the two groups (Table 3).
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There were no statistically significant 
differences in provocative dose 20% (PD20) values 
between the two groups before treatment.  This 
did not change after budesonide treatment alone.  
When the patients were administered placebo or 
zafirlukast in addition to budesonide, the two 

groups had increased PD20 values compared to 
baseline (Table 4).  Notably, the increase was 
statistical significant only in the zafirlukast group 
(p = 0.022).

Mean baseline ECP levels in the placebo and 
zafirlukast groups were 20.67 ± 22.04 and 36.96 ± 
37.38 μg/ml (Table 5).  ECP levels increased in 
both groups but there were no significant 
differences between them.

After budesonide treatment, there was no 
significant difference in TAC values between the 
two groups.  This did not change after placebo or 

TABLE 1.  Patient demographics

Treatment group Age (years) Female/male Years from 
diagnosis

Asthma severity
(mild/moderate)

Budesonide + placebo   28.3 ± 6.48 8/2 5.3 ± 5.5 8/2
Budesonide + zafirlukast 29.72 ± 10.9 5/6   4.9 ± 3.56 9/2

TABLE 2.  Symptomatic patients at the end of trial

Treatment group Symptomatic patients

Budesonide + placebo 8/10 (80%)
Budesonide + zafirlukast 3/11 (37%)

TABLE 3.  Respiratory function tests

 Respiratory functions      Budesonide + placebo   Budesonide + zafirlukast

FVC (mL)   3955 ± 1068 3809 ± 945
FVC (%) 100.5 ± 8.61     97.6 ± 13.43
FEV1 (mL) 2938 ± 811 2872 ± 630
FEV1 (% of predicted)     88.8 ± 14.37     88.3 ± 14.16
FEV1/FVC     77.0 ± 11.92   76.7 ± 9.34
FEF25-75 (L/sec)   2.45 ± 0.87   2.57 ± 0.94
FEF25-75 (%)   60.5 ± 22.5   61.0 ± 19.7

FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1 second; 
FEF25-75, Forced expiratory flow % 25-75.

TABLE 4.  Results of methacholine challenge

 PD20 (mg/mL) Budesonide + placebo Budesonide + zafirlukast

Baseline 0.77 ± 0.75 0.22 ± 0.19
After budesonide 0.77 ± 0.69 0.63 ± 0.76
After budesonide + 
placebo/zafirlukast

0.95 ± 0.84  0.49 ± 0.49*

PD20, Provocative dose %20.
*p = 0.022 after treatment vs Baseline
Before any treatment, there was no significant difference in PD20 between the groups.  

When the patients were administered placebo or zafirlukast in addition to budesonide, no 
significant difference in PD20 was observed between the groups.  But there was a significant 
increase in the zafirlukast group from their baseline values.
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zafirlukast treatment in addition to budesonide 
(Table 6).

DISCUSSION

Since asthma is an inflammatory disease of 
the airways, the primary target of therapy is to 
control the inflammation.  Inhaled corticosteroid 
treatment are widely used for this purpose.  It is 
also known that leukotrienes have an important 
role in asthma pathogenesis and corticosteroids 
do not suppress cysteinyl leukotriene levels in the 
airway of asthmatics (Barnes 1996; Larsen and 
Susanna 1996).  We studied the beneficial effects 
of the leukotriene antagonist, zafirlukast, on 
symptom score, bronchial hyperresponsiveness 
and serum ECP and TAC levels.  However, peak 
expiratory flow (PEF) variability was not 
measured and recorded, which is a weak point of 
the study.  As already known the aim of asthma 
management should be to achieve asymptomatic 
status.  The patients treated with zafirlukast had 
significantly decreased symptom score and 
increased asthma control days.  This finding 

indicates that as add-on treatment to inhaled 
budesonide, zafirlukast is effective in decreasing 
even minimal symptoms.  In this context, Suissa 
et al reported that it was possible to obtain more 
asymptomatic days with zafirlukast compared to 
placebo in mild-to-moderate asthma (Suissa et al. 
1997).

Virchow et al .  (2000) showed that in 
symptomatic asthma patients, in spite of high 
dose inhaled corticosteroid treatment (mean 1623 
μg beclomethasone or equivalent daily), add-on 
treatment with zafirlukast increased the peak 
expiratory flow rate (PEFR) and FEV1 and 
decreased the symptom score and inhaled beta-2 
agonist use.  Kemp et al. (1999) showed that in 
3027 asthmatic patients, treated with standard 
therapy, adding zafirlukast 20 mg daily improved 
the respiratory functions and asthma symptoms.  
In the present study, however, we did not detect a 
significant increase in FEV1 in the placebo and 
zafir lukas t  groups .   Al l  pa t ients  had no 
reversibility at the beginning of the study, and 
they had their best results.  It is also known that 

TABLE 5.  Serum eosinophilic cationic protein levels

 ECP (μg/mL) Budesonide + placebo Budesonide + zafirlukast

Baseline 20.67 ± 22.04 36.96 ± 37.38
After budesonide 24.22 ± 13.99 60.21 ± 57.30
After budesonide + 
placebo/zafirlukast

40.75 ± 48.98 67.63 ± 74.8

ECP, Eosinophilic cationic protein.
Before any treatment, there was no significant difference in ECP values between the 

groups.  This did not change either after budesonide treatment alone or after placebo or 
zafirlukast treatment in addition to budesonide.

TABLE 6.  Serum total antioxidant capacity levels

 TAC (mmol/liter) Budesonide + placebo Budesonide + zafirlukast

After budesonide 2.60 ± 0.94 2.12 ± 0.38
After budesonide + 
placebo/zafirlukast

2.71 ± 0.55 2.36 ± 0.33

TAC, Total antioxidant capacity.
After budesonide treatment, there was no significant difference in TAC values between 

the groups.  This did not change after placebo or zafirlukast treatment in addition to 
budesonide.
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functional parameters may not correlate with 
asthma symptoms.

As the leukotrienes are the most important 
mediators released into airways in response to 
allergens, it has been suggested that they might 
play an important role in controlling asthma 
(Dahlen 1998).  It has been shown that leukotriene 
receptor antagonists decrease the early and late 
asthmatic responses by 70-80% and 50% 
respectively and have prominent and long-term 
bronchodilating effects (Hui and Barnes 1991; 
Taylor et al. 1991; Rasmussen et al. 1992; Liu et 
al. 1996).  In this study, methacholine challenge 
test showed that budesonide + zafirlukast 
treatment decreased the baseline bronchial 
hyperresponsiveness compared to budesonide + 
placebo.

Smith et al. (1993a, b, 1998) showed that 
addition of zafirlukast to inhaled steroid (800 μg/
day) decreased the bronchoconstriction due to 
LTD4 challenge significantly compared to placebo 
and that this protective effect of zafirlukast was 
dose-dependent; response decreased 3-fold with 5 
mg and 100-fold with 100 mg (Juniper et al. 
1990; Calhoun 1998).  Taylor et al. (1991) showed 
that zafirlukast prevents bronchial hyperrespon-
siveness to histamine challenge.  It has also been 
suggested that this protective effect of leukotriene 
antagonists depends on the duration of treatment 
like steroid treatment and that duration may be as 
long as 1 year for leukotriene antagonism to be 
effective (Juniper et al. 1990; Spector 1995).  
According to our data, 6-week treatment may be 
long enough and longer treatment periods might 
give some extra benefits.

Treatment with montelukast (10 mg/day) 
improved the respiratory function, symptom score 
and beta-2 agonist use and decreased the 
peripheral eosinophilia (Reiss et al. 1998).  In a 
study with zileuton, it has been estimated that 
eosinophil counts in bronchiolo-alveolar lavage 
and peripheral blood decreased after 1-week 
treatment (Wenzel et al. 1995).  In asthmatic 
children, montelukast (5 mg/day) decreased the 
peripheral eosinophilia (Knorr et al. 1997).  The 

eosinophil counts in bronchiolo-alveolar lavage 
fluid, obtained after high dose allergen challenge, 
decreased with zafirlukast treatment (Calhoun et 
al. 1997, 1998).  We used ECP as a marker of 
eosinophilic inflammation, and ECP serum levels 
did not change significantly between before- and 
after zafirlukast treatment.  It has been shown that 
there is no significant correlation between ECP 
serum levels and pulmonary function test results 
and asthmatic activity (Demir et al. 1999; 
Makopoulou et al. 1999).

Highly reactive oxygen radicals such as 
superoxide anion (O2

-), hydrogen peroxide (H2O2) 
and hydroxyl radical (OH-) are responsible for the 
protective effects of phagocytic cells.  These 
reactive oxygen radicals increase bronchoconstric-
tion, airway hyperresponsiveness and mucus 
secretion, inhibit ciliary activity, and decrease 
mucus clearance (Abraham 1997).  It has also 
been shown that eosinophils produce higher 
amounts of superoxide anion compared to 
polymorphonuclear leukocytes and alveolar 
macrophages (Zoratti et al. 1991; Sedgwick et al. 
1988).  All these data suggest that reactive oxygen 
radicals might play a role in airway dysfunction 
of asthma (Abraham 1997).  Smith et al. (1993a, b) 
found high glutathione levels in bronchiolo-alve-
olar lavage of asthmatic patients and the patients.  
The patients with higher glutathione levels had 
less airway hyperresponsiveness against  
methacholine, indicating that antioxidant 
protective mechanism is increased in mild 
asthmatics (Smith et al. 1993a, b).

Rahman et al. (1996) showed an oxidant/
antioxidant imbalance in asthma.  Plasma TAC 
levels were found to be lower and the levels of 
plasma lipid peroxidation products higher in 
asthmatic patients compared to healthy controls.  
During acute attacks, much higher levels were 
observed.  Calhoun et al. (1997) reported that in 
vitro evoked eosinophils produce less superoxide 
after zafirlukast.

We found no difference in TAC levels 
between two treatment groups.  As all patients 
had been treated with inhaled steroid, this can be 
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explained with the regulatory effects of steroids 
on oxidant systems.  We could not compare the 
effects of treatment on baseline values since we 
did not have enough materials to measure TAC at 
the beginning of the study.

In conclusion, in asthmatic patients under 
budesonide treatment who still have minimal 
symptoms, add-on zafirlukast treatment improves 
symptoms and bronchial hyperresponsiveness and 
is a good alternative to increasing the dosage of 
inhaled steroid.
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