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6.3 ± 3.5 μmol H 2 O 2  equivalent/liter and TAS: 2.7 ± 0.6 mmol 
Trolox equivalent/liter; p < 0.05). DNA damage was 18.2 ± 1.0 
arbitrary units (a.u.) in group I, 16.7 ± 8.2 a.u. in group II and 
13.7 ± 3.4 a.u. in the control group. There were statistically 
significant differences only between group I and the control 
group (p < 0.05).  Conclusions:  According to the findings, 
montelukast therapy makes only minimal but not statistical-
ly significant improvement in all TOS, TAS and DNA damage 
parameters.  © 2015 S. Karger AG, Basel 

 Introduction 

 Asthma is a common, chronic respiratory disease af-
fecting 1–18% of people in different countries. It is char-
acterized by variable symptoms of wheeze, shortness of 
breath, chest tightness, cough and variable expiratory air-
flow limitation  [1] . Reactive oxygen species (ROS) gener-
ated from inflammatory/resident cells play an important 
role in asthma pathogenesis  [2, 3] . ROS can cause airway 
hyperresponsiveness, mucus hypersecretion, increased 
vascular permeability, synthesis and release of chemoat-
tractants, the release of neuropeptides and impairment in 
the responsiveness of β-adrenergic receptors  [4] .
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 Abstract 

  Background:  There is ample knowledge reported in the lit-
erature about the role of oxidative stress in asthma patho-
genesis. It is also known that the interaction of reactive oxy-
gen species with DNA may result in DNA strand breaks. The 
aim of this study was to investigate if montelukast mono-
therapy affects oxidative stress and DNA damage parame-
ters in a population of pediatric asthma patients.  Methods:  
Group I consisted of 31 newly diagnosed asthmatic patients 
not taking any medication, and group II consisted of 32 pa-
tients who had been treated with montelukast for at least 6 
months. Forty healthy control subjects were also enrolled in 
the study. Plasma total oxidant status (TOS) and total anti-
oxidant status (TAS) were measured to assess oxidative 
stress. DNA damage was assessed by means of alkaline com-
et assay.  Results:  The patients in both group I and group II 
had statistically significant higher plasma TOS (13.1 ± 4 and 
11.1 ± 4.1 μmol H 2 O 2  equivalent/liter, respectively) and low 
TAS levels (1.4 ± 0.5 and 1.5 ± 0.5 mmol Trolox equivalent/
liter, respectively) compared with the control group (TOS:
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  Studies have shown that inflammation is accompanied 
by the upregulation of an inducible isoform of nitric ox-
ide (NO) synthase that is capable of producing excess NO 
for a prolonged period. It has been proposed that damage 
to DNA and tissue induced by ROS and NO-derived reac-
tive nitrogen species may contribute to increased muta-
tion rates, genome instability, apoptosis and the associ-
ated tissue regeneration and cell proliferation, all of which 
can drive allergic diseases such as asthma  [4–8] . Eosino-
phils play a major role in ROS generation in the asthmat-
ic airways  [3] . Cysteinyl leukotrienes (LTs) can stimulate 
the proliferation of eosinophil hematopoietic progenitor 
cells and play a role in leukocyte migration from bone 
marrow to the circulation  [9–11] . Cysteinyl LTs are che-
moattractants for eosinophils and can increase eosino-
phil survival time  [11–13] . Eosinophil superoxide anion 
generation is induced by LT D 4   [14] . All these effects of 
cysteinyl LTs can be blocked by LT receptor antagonists 
in vivo  [11, 15, 16] . In recent years, a growing body of 
evidence suggests that activity of NADPH oxidase (NOX) 
is stimulated by LT B 4  via the LT B 4  receptor 2 (BLT2). 
BLT2-stimulated NOX1 upregulation is a downstream 
signaling route that mediates the synthesis of Th2 cyto-
kines (IL-4 and IL-13) and the generation of NOX1-de-
rived ROS  [17, 18] .

  There are many studies and reviews published on the 
role of oxidative stress in pathogenesis asthma, but re-
ports on the capacity of asthma treatment to reduce oxi-
dative stress are limited  [19–21] . Likewise, although there 
are some reports that show that allergic diseases can cause 
increased DNA damage, there are only a few reports as-
sessing if treatment alters such damage  [22–24] . Apart 
from 1 in vitro study, there is no information on whether 
montelukast monotherapy can overcome oxidative stress 
in asthma  [25] . Total oxidant status (TOS) and total an-
tioxidant status (TAS) are rapid, easy, reliable and sensi-
tive methods for assessing oxidative stress  [26, 27] . We 
hypothesized that montelukast monotherapy can reduce 
oxidative stress, as demonstrated in in vitro studies, and 
also reduce DNA damage, which can be measured by the 
TOS and TAS methods and the comet assay in children 
with asthma.

  Material and Methods 

 Study Groups 
 A total of 94 children with mild persistent asthma were recruit-

ed from the Pediatric Allergy and Immunology Department, 
Bezmialem Vakif University Medical Faculty, between July and 
October 2014. We excluded 8 children whose parents did not con-

sent to their participation in the study, 7 with a history of maternal 
or paternal smoking, 3 with a history of antiasthmatic drug thera-
py before being referred to us, 9 who were unable to comply with 
the drug-dosing regimen and 4 who were noncompliant (i.e. they 
did not come to their appointments). The clinical diagnosis, sever-
ity and control status of asthma were determined using the criteria 
defined in the Global Initiative for Asthma (GINA) guidelines. All 
of the remaining 63 children were evaluated for the presence and 
duration of asthma symptoms using a standard questionnaire. The 
questionnaire was created from patterns of respiratory symptoms 
that are characteristic of asthma that appear in the GINA guide-
lines (i.e. the presence of more than one respiratory symptom, of-
ten worse at night or early morning, varying over time and in in-
tensity and triggered by viral infections or exercise). Patients were 
considered symptomatic from the date of the first appearance of 
any of these patterns.

  Group I consisted of 31 patients newly diagnosed with asthma 
who had not been on any antiasthmatic therapy. We examined 
their medical records and applied a standard questionnaire to 
ensure that they had not used any antiasthmatic drugs, including 
inhaled or nebulized corticosteroids, montelukast, theophylline 
or ketotifen. A short course (<5 days) of β 2  agonist treatment only 
was allowed, but not in the month prior to the study. If it was de-
tected that patients had received an antiasthmatic drug, they were 
excluded from the study. Group II consisted of 32 patients who 
had been taking montelukast (as a monotherapy) regularly for at 
least 6 months. Patients were enrolled only if, apart from monte-
lukast, the only other asthma medication was inhaled salbutamol 
less than 2×/week for relief, as needed. All group II children had 
had mild persistent asthma during the previous 6 months accord-
ing to the GINA guidelines, and none had experienced asthma 
attacks in the last month. These patients visited the same outpa-
tient clinic regularly every 2 months. All group II children (i.e. 
the study group) were taking montelukast sodium (SINGU-
LAIR ® , MSD, Kenilworth, N.J., USA) oral tablets (4 and 5 mg) 
for at least 6 months according to the manufacturer’s recommen-
dations. Their compliance was evaluated every 2 months by ob-
serving the drug package and by having the patient’s mother sign 
a diary card showing that the medicine had been taken. If the 
drug was not taken for >10% of the scheduled doses, the patient 
was considered to be noncompliant with therapy and was ex-
cluded from the study. We examined all patients’ medical records 
and conducted an extensive interview with a standard question-
naire (mentioned above) at every appointment to ensure that 
none of them was receiving any treatment that had not been re-
ported to the researchers. 

  Subjects with infectious or inflammatory diseases, a history of 
maternal or paternal smoking, on other medication (e.g. poly-vi-
tamins, mineral supplements, analgesics and mucolytics) or who 
were overweight or obese (BMI: >85th percentile) were excluded 
from the study. The control group comprised 40 healthy children 
who were periodically attending pediatric clinics at the same hos-
pital for regular checkups of their development. Children were in-
cluded in the control group if they had no history of any allergic 
disease or paternal or maternal smoking and were not on any
medication. The study was performed in accordance with the Dec-
laration of Helsinki and good clinical practice, and was approved 
by the Bezmialem Vakif University Ethical Committee (No. 
71306642/050-01-04). Informed consent was obtained from the 
parents of all study participants.
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  Skin-Prick Test 
 A prick test for aeroallergen sensitivity was performed using 

lancets (Stallerpoint, Paris, France), providing a standard puncture 
of 1 mm. Commercial allergen solutions manufactured by Staller-
genes (Paris, France) were used for the test. A total of 20 different 
aeroallergens, consisting of house-dust mite, grass and tree pol-
lens, fungi and animal dander were tested. The skin-prick test was 
considered to be positive if a wheal appeared with a maximum di-
ameter of 3 mm once the negative value had been subtracted. 

  Lung Function Studies 
 Forced expiratory volume in 1 s (FEV 1 ) rates were measured 

with dynamic spirometry (Vitalograph ® ; G.W. Berg & Co., Buck-
ingham, UK). The best of three successful maneuvers was record-
ed. The normal lung function test reference values according to 
Polgar and Promadhat  [28]  were used to generate the predicted 
values.

  Blood Sample Collection and Preparation of Cells 
 Montelukast was discontinued 24 h before blood sampling. Af-

ter overnight fasting, peripheral blood samples (6 ml) were col-
lected from an antecubital vein into heparinized tubes, stored at 
2–4   °   C in the dark to prevent further DNA damage and processed 
within 2 h. Mononuclear leukocyte isolation for the comet assay 
was performed by centrifugation on Histopaque 1077 (Sigma). 
About 1 ml of heparinized blood was carefully layered over 1 ml of 
Histopaque and centrifuged for 35 min at 500  g  and 25   °   C. The in-
terface band containing mononuclear leukocytes was washed with 
PBS and then collected after 15 min of centrifugation at 400  g . The 
resulting pellets were resuspended in PBS. Membrane integrity 
was assessed by means of the Trypan blue exclusion method. The 
remaining blood was centrifuged at 1,500  g  for 10 min to obtain 
the plasma. The separated plasma was then stored at –80   °   C until 
further analysis of the TAS and TOS levels. 

  Determination of DNA Damage Using the Alkaline Comet 
Assay 
 The comet assay, also known as the single-cell gel electropho-

resis assay, was performed as described by Singh et al.  [29] , with 
the following modifications: 10 μl of fresh mononuclear leukocyte 
cell suspension (approx. 20,000 cells) was mixed with 80 μl of 0.6% 
low-melting-point agarose in PBS at 37   °   C. Next, 80 μl of each mix-
ture was layered onto a slide precoated with a thin layer of 1% 
normal-melting-point agarose and immediately covered with a 

coverslip. Slides were held for 5 min at 4   °   C to allow the agarose to 
solidify. After removal of the coverslips, the slides were immersed 
in freshly prepared, cold (4   °   C) lysing solution [2.5  M  NaCl, 100 
m M  Na 2 EDTA, 10 m M  Tris-HCl, 1% Triton X-100 and 10% DMSO 
(added just before use); pH 10–10.5] for at least 1 h. They were next 
immersed in freshly prepared alkaline electrophoresis buffer
(0.3  M  NaOH and 1 m M  Na 2 EDTA; pH >13) at 4   °   C to allow the 
DNA to unwind (40 min), and then electrophoresed (25 V/300 mA 
for 25 min). All manipulations were performed under minimal
illumination. After electrophoresis, the slides were neutralized
(0.4  M  Tris-HCl; pH 7.5) for 5 min.

  Dried microscope slides were stained with ethidium bromide 
(2 μg/ml in distilled water; 70 μl/slide), covered and then viewed 
under fluorescence microscopy (×200, Leica DM1000, Germany). 
The microscope was capable of detecting epifluorescence and was 
equipped with a rhodamine filter (excitation wavelength 546 nm; 
barrier 580 nm). The extent of extranuclear fluorescence was 
scored (by eye) in 50 random cells of each sample, using a scale of 
0–4 as previously described by Kobayashi et al.  [30] . Scoring was 
as follows: 0 = no tail, 1 = a comet tail more than half the width of 
the nucleus, 2 = a comet tail equal to the width of the nucleus, 3 = 
a comet tail longer than the width of the nucleus but not twice as 
long and 4 = a comet tail more than twice the width of the nucleus. 
This type of scoring has been shown to be as accurate as that af-
forded by computerized image analysis  [31] . All slides were coded 
and scored in a blinded manner. A visual score for each class of 
subjects was calculated by multiplying the percentages of cells in 
the various comet classes by the score for that class. The total vi-
sual comet score reflecting the extent of DNA damage was the sum 
of scores for all 5 comet classes. Thus, a total visual score could 
range from 0 (all undamaged) to 400 (all maximally damaged) in 
arbitrary units (a.u.;  fig. 1 ).

  Measurement of TOS 
 Plasma TOS was measured using an automated method devel-

oped by Erel  [26] . Oxidants present in a sample oxidize the ferrous 
ion of an o-dianisidine complex to ferric ion. Oxidation is en-
hanced by glycerol, which is abundant in the reaction medium, and 
the ferric ion forms a colored complex with xylenol orange under 
acidic conditions. Color intensity (which can be measured spec-
trophotometrically) is associated with the total level of oxidants 
present. Hydrogen peroxide is used to calibrate the assay, and re-
sults are expressed in terms of micromoles of hydrogen peroxide 
equivalent per liter (μmol H 2 O 2  equiv/l).

a b

  Fig. 1.  Comet slides: there is no DNA dam-
age in the control group patient ( a ) and 
variable degrees of DNA damage in the 
group I patient ( b ). 
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  Measurement of TAS 
 Plasma TAS was measured using another automated method 

developed by Erel  [27] . This involves production of the hydroxyl 
radical, which is a potent biological reactant. A ferrous ion solution 
(reagent 1) is mixed with hydrogen peroxide (reagent 2). Radicals 
produced by the hydroxyl radical, including the brown dianisidi-
nyl radical cation, are also potent in biological terms. Thus, it is 
possible to measure the antioxidative capacity of a sample in terms 
of the inhibition of free-radical reactions initiated by the produc-
tion of the hydroxyl radical. Variation in assay data is very low 
(<3%), and results are expressed as millimoles of Trolox equivalent 
per liter (mmol Trolox equiv/l).

  Measurement of Oxidative Stress Index 
 The oxidative stress index (OSI) was the TOS-to-TAS ratio, and 

was calculated as follows: OSI (a.u.) = TOS (μmol H 2 O 2 /l)/TAS 
(mmol Trolox/l). 

  Statistics 
 Data were expressed as mean ± standard deviation (SD). Data 

were analyzed using SPSS for Windows v16.0. The χ 2  analysis was 
used to compare categorical data. Comparison between group 
means was carried out using one-way ANOVA, the post hoc Tukey 
test and the Mann-Whitney U test. p < 0.05 was considered statis-
tically significant.

  Results 

 Demographic and clinical data of the study group and 
the control group are shown in  table  1 . The mean age
of the patients in group I, group II and the controls was 
8.7 ± 3.1, 8.0 ± 3.1 and 8.9 ± 3.3 years, respectively. There 
were no significant differences between groups with re-
spect to age, gender and BMI. There were also no signifi-
cant differences between group I and group II in terms of 
clinical parameters including concurrent allergic rhinitis 
or atopic dermatitis, symptom duration time, FEV 1 , aero-
allergen sensitivity and total IgE levels (p > 0.05).

  Groups I and II had statistically significant elevated 
TOS levels and OSI compared with the control group
(p < 0.001), but there were no differences between groups 
I and II (p > 0.05). TAS levels were low in both asthmatic 
groups compared with the control group (p < 0.001), but 
here there was also no difference between groups I and II 
(p > 0.05). Group I had elevated DNA damage compared 
with the control group (p < 0.05), but there was no differ-
ence here between group II and the control group (p > 
0.05). In addition, there were no differences in DNA 
damage between group I and group II (p > 0.05;  table 2 ; 
 fig. 2 ). 

  Discussion 

 This is the first study in the literature to show that 
6-month montelukast monotherapy did not improve the 
corrupted oxidative stress parameters or the increased 
DNA damage that occurs in mild persistent asthma. Re-
sults show that both newly diagnosed (group I) and mon-

 Table 2.  Results of TOS, TAS, OSI and DNA damage parameters 
study and control groups

Group I Group II Control 
group

TOS, μmol H2O2 equiv/l 13.1 ± 4.0 11.1 ± 4.1 6.3 ± 3.5
TAS, mmol Trolox equiv/l 1.4 ± 0.5 1.5 ± 0.5 2.7 ± 0.6
OSI, a.u. 12.4 ± 8.6 9.4 ± 7.6 3.0 ± 4.4
DNA damage, a.u. 18.2 ± 1.0 16.7 ± 8.3 13.7 ± 3.4

 Table 1.  Demographic and clinical data of the study and control groups

Group I
(n = 31)

Group II
(n = 32)

Control group
(n = 40)

p value

Age, years 8.7 ± 3.1 8 ± 3.1 8.9 ± 3.3 >0.05
Gender, male/female 15/16 16/16 19/21 >0.05
BMI 17.4 ± 2.7 16.9 ± 1.4 18 ± 2.1 >0.05
Symptom duration, years 1.6 ± 0.8 1.8 ± 0.8 – >0.05
Concurrent allergic rhinitis 14/31 (45%) 15/32 (47%) – >0.05
Concurrent atopic dermatitis 4/31 (13%) 6/32 (19%) – >0.05
SPT positivity to aeroallergens 18/31 23/32 – >0.05
FEV1, % predicted 87 ± 4.4 88 ± 7 – >0.05
IgE, IU/l 206.6 ± 302.5 369 ± 468.2 – >0.05

 Values are represented as means ± SD or n/total number of patients. SPT = Skin-prick test.

http://dx.doi.org/10.1159%2F000436967


 Effect of Montelukast on Oxidative Stress 
Parameters 

 Int Arch Allergy Immunol 2015;167:119–126 
DOI: 10.1159/000436967

123

telukast-treated asthmatic patients (group II) had statisti-
cally significant elevated TOS levels and OSI values and 
decreased TAS levels compared with the control group. 
In group I, DNA damage was high when compared with 
the control group, but there was no difference between 
the other 2 groups (p > 0.05). Montelukast therapy made 
a minimal but not statistically significant improvement in 
all these parameters.

  Montelukast is a widely used agent for allergic diseases 
in both monotherapy and add-on therapy. The GINA 
guideline recommends montelukast at step 2 as an alter-
native drug to inhaled corticosteroids (ICS) and as an 
add-on therapy option for later treatment steps for all 
ages. However, the guideline states that montelukast only 
modestly reduces asthma symptoms and the need for oral 
corticosteroids compared with placebo in young chil-
dren. Although regular montelukast treatment can im-

prove some asthma outcomes compared to placebo, it 
does not reduce the frequency of hospitalization, courses 
of prednisone or the number of symptom-free days in 
children with recurrent, viral-induced wheezing  [1] . An-
imal studies show that montelukast has a beneficial effect 
on oxidative stress-mediated conditions like ischemia-
reperfusion injury  [32] , drug intoxication  [33, 34]  and 
lipopolysaccharide-induced oxidative stress  [35] . Al Saa-
di et al.  [25]  reported that montelukast decreased the ROS 
production in the whole blood and in isolated human 
polymorphonuclear neutrophils in asthmatic children. It 
also can decrease the production of reactive nitrogen spe-
cies (e.g. NO) in children with asthma  [36, 37] .

  Although there is a lack of comparative human studies 
on the impact of montelukast versus ICS therapy on the 
oxidative stress parameters and DNA damage, there are 
studies implying that ICS and ICS + β 2 -mimetic combi-
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  Fig. 2.  TOS ( a ), TAS ( b ), OSI ( c ) and DNA damage ( d ) levels in the study and control groups. 
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nations can decrease oxidative stress  [19–21, 38] . How-
ever, in the current literature, there is no study evaluating 
the possible effects of montelukast monotherapy on the 
TOS and TAS levels or DNA damage. Our study is the 
first human clinical study on this subject. 

  The oxidant burden produced by eosinophils is sub-
stantial because these cells possess a several times greater 
capacity for generating O 2  –  and H 2 O 2  than neutrophils, 
and the content of eosinophil peroxidase in the eosino-
phils is several times higher than that of myeloperoxidase 
in the neutrophils (peroxidases are enzymes that catalyze 
the conversion of H 2 O 2  and the Cl –  ion to HOCl). There-
fore, eosinophils, which are present in increased numbers 
in the airways of asthmatic patients, play a major role in 
the generation of ROS in airway inflammation  [3] . The 
oxidative and antioxidative systems have many members, 
and the half-life of ROS is usually short. The individual 
measurement of these molecules is time-consuming, 
costly and requires complicated techniques. In contrast, 
TOS and TAS are rapid, easy, reliable, sensitive and inex-
pensive methods for assessing oxidative stress, and they 
have shown good correlation with other oxidative stress 
markers  [26, 27, 39] .

  Studies show that inflammation and oxidative stress 
are quite prevalent, not only in the lungs but also in the 
systemic circulation of asthmatics. Takemura et al.  [40]  
demonstrated that serum C-reactive protein levels corre-
lated negatively with indices of lung function and posi-
tively with sputum eosinophil counts. In the study of 
Nadeem et al.  [41] , plasma total antioxidant capacity and 
total protein sulfhydryls were found to be decreased in 
acute exacerbations of asthma when compared to stable 
asthmatic patients. They concluded that acute exacerba-
tions of asthma are associated with increased oxidative 
stress, which is evident from some of the parameters in 
the plasma.

  In our opinion, oxidative stress in asthma manage-
ment should be discussed in 3 separate categories: (1) cur-
rent asthma control, (2) long-term prevention of asthma 
complications and (3) prevention of DNA damage, ge-
notoxicity and possible carcinogenesis. ROS can cause di-
rect contraction of airway smooth-muscle preparations, 
an increased contractile response to methacholine and 
other substances, decreased numbers and functioning of 
β-adrenergic receptors, increased permeability, increased 
mucus production, an influx of inflammatory cells and an 
altered release of inflammatory mediators. ROS can also 
directly stimulate histamine release from mast cells  [3, 42, 
43] , and they play an important role in glucocorticoid re-
sistance and severe asthma  [44] . Bucchieri et al.  [45]  re-

vealed that asthmatic bronchial epithelium is more sus-
ceptible to oxidant-induced apoptosis. In yet another 
study, the authors found that oxidative and nitrosative 
stress result in the loss of superoxide dismutase (SOD) 
activity  [46] . In addition, in the oxidative and NO-rich 
environment of asthmatic airways, SOD inactivation trig-
gers apoptosis and the loss of airway epithelial cells, which 
contributes significantly to airway remodeling.

  Zeyrek et al.  [22]  reported higher TOS and TAS levels 
and greater DNA damage  in a population of pediatric 
asthma patients than in controls. In our study, TAS levels 
were decreased compared with the control group, prob-
ably because of being used to balance oxidative stress. In 
another study, Hasbal et al.  [23]  reported high DNA 
strand breaks and reduced glutathione levels in pediatric 
asthmatics compared with healthy controls. After the 
treatment, that contained ICS + LT receptor antagonist + 
systemic antihistaminic and inhaled β 2 -mimetic if neces-
sary, the DNA strand breaks were found to have de-
creased. From this study, it is not clear whether ICS or LT 
receptor antagonist is responsible for the improvement. 
These beneficial effects of therapy are likely owing to ICS 
alone. 

  Obviously, it would have been preferable to perform 
this study in a randomized, controlled manner. However, 
in our country, we cannot afford the stringent require-
ments and ethical issues of prospective drug studies. We 
therefore planned the study in a case-control format. If 
we had obtained pre- and post-TAS, TOS and DNA dam-
age samples from the montelukast therapy group (group 
II) or could have restudied the results of these parameters 
in group I, our results would have been more rigorously 
tested and impressive. However, we studied these param-
eters in a newly diagnosed asthmatic group (group I) for 
comparison with the main study group who had been tak-
ing montelukast for at least 6 months (group II). The re-
sults from group I provided an adequate idea about the 
pretreatment status of group II. We also want to highlight 
that this was a pivotal study; larger prospective studies are 
needed on this issue.

  In conclusion, this is the first study to reveal that mon-
telukast monotherapy cannot overcome oxidative stress 
and DNA damage in mild, intermittent pediatric asthma. 
Although further studies are needed, we managed to es-
tablish that the mechanisms of oxidative stress and the 
DNA damage are not necessarily affected by a 6-month 
montelukast monotherapy in children with mild persis-
tent asthma. However, for a better understanding of this 
pathogenesis and these mechanisms, additional in vivo 
and in vitro studies are indeed required.
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