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Abstract: Objective: To analyze the effects of leukotriene receptor antagonist (LTRA) on clinical symptoms, Th1/Th2 
cytokines and pulmonary function in children with acute asthma attack. Methods: A total of 70 children with mild 
or moderate acute exacerbation of bronchial asthma were enrolled and randomly divided into control group and 
experimental group, with each group containing 35 patients. The control group received routine asthma treatment 
regimen which includes budesonide and ipratropium bromide inhalation. The experimental group received routine 
treatment regimen plus oral LTRA (montelukast sodium). Then total effective rate, time to symptom relief, Th1/Th2 
cytokines, and pulmonary function index PEF%pred (percent-predicted values of peak expiratory flow) were com-
pared between the groups. Results: The total effective rate of the experimental group was significantly higher than 
that of the control group (P < 0.05). The time to the relief of sibilant rhonchi, cough and wheezing of the experimen-
tal group were significantly shorter than those of the control group (all P < 0.05). Moreover, the serum interferon γ 
(IFN-γ) level was higher and interleukin-4 (IL-4) level was lower in the experimental group than those in the control 
group after treatment (both P < 0.05). The PEF%pred of the experimental group was also higher than that of the 
control group (P < 0.05). Conclusion: LTRAs could effectively restore the Th1/Th2 balance in children with acute 
exacerbation of bronchial asthma, thus improving pulmonary function and promoting symptom alleviation. LTRAs 
are highly recommended in clinical treatment of pediatric bronchial asthma.
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Introduction

Infantile bronchial asthma is a common pediat-
ric disease, which is now considered to be ca- 
used by a variety of inflammatory mediators 
and cytokines. The main feature of bronchial 
asthma is airway hyperresponsiveness and 
narrowing, resulting in a variety of symptoms 
such as cough, chest tightness, shortness of 
breath, and wheezing. Due to the long course of 
disease and the tendency to recurrence, bron-
chial asthma poses serious adverse effects on 
the physical and mental development of pediat-
ric patients [1, 2]. The balance of Th1/Th2 cyto-
kines is the basis for maintaining the normal 
immune fu-nction of the body. Th1 cells and 
Th2 cells interact to form a dynamic balance by 
secreting cytokines. Both Th1 cytokine inter-

feron γ (IFN-γ) and Th2 cytokine interleukin-4 
(IL-4) play an important role in immune cell pro-
liferation and secretion. Once the Th1/Th2 
cytokines are out of balance, it can lead to 
immune dysfunction and further lead to bron-
chial asthma. Clinical treatment regimen for 
bronchial asthma mainly consists of glucocorti-
coids and bronchodilators. However, the treat-
ment effect is often not satisfactory in some 
patients. Leukotriene receptor antagonists (LT- 
RAs) are new class of drugs for the clinical treat-
ment of asthma, and their short-term and long-
term efficacy are currently of high clinical con-
cern. In view of this, we enrolled 70 pediatric 
patients with mild or moderate acute exacerba-
tion of bronchial asthma, and conducted a ran-
domized controlled trial to investigate the ef- 
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fects of LTRAs on clinical symptoms, Th1/Th2 
cytokines and pulmonary function.

Materials and methods

Patients

A total of 70 pediatric patients with mild or 
mode-rate acute exacerbation of bronchial as- 
thma, admitted to The Affiliated Nanhua Hos- 
pital, University of South China from December 
2016 to December 2018 were enrolled in the 
study. Patients were divided into control group 
and experimental group based on random 
number table, with each group containing 35 
patients. This study was approved by the eth- 
ics committee of The Affiliated Nanhua Hospi- 
tal, University of South China, and informed 
consent was obtained for all patients.

Inclusion criteria: patients were diagnosed with 
mild or moderate acute exacerbation of bron-
chial asthma according to the Guidelines for 
the Diagnosis and Prevention of Bronchial 
Asthma in Children (2016 edition) [3]; patients 
were under 6 years old; patient’s course of dis-
ease was under 3 months; patients could com-
municate with medical staff normally.

Exclusion criteria: patients had severe acute 
exacerbation of bronchial asthma; patients had 
respiratory failure or heart failure; patients had 
malignant tumor, congenital diseases, or immu- 
ne diseases; patients had cough variant asth-
ma; patients were treated for bronchial asthma 
before this study; patients had major organ 
dysfunction.

Methods

The control group was treated with budesonide 
(AstraZeneca Pty Ltd., China, 1 mg/2 mL) 1 mg 
and ipratropium bromide (Laboratoire Unither, 
250 μg/2 mL) 100 μg mixed with 1 mL normal 
saline via oral inhalation 2 times a day, supple-
mented by oxygen and other symptomatic tre- 
atment. The treatment was continued for 4 
weeks.

The experimental group was given montelukast 
sodium tablets (Sichuan Otasuka Pharmaceu- 
tical Co., Ltd., China) on the basis of the treat-
ment regimen of the control group. The dose 
was 8 mg/day orally for 2-6 years old and 10 

mg/day orally for 6 years old or above. Mon- 
telukast was given every morning and evening 
and continued for 4 weeks.

Observational indices

After 4 weeks of treatment, the total effective 
rate, time to symptom relief, Th1/Th2 cyto-
kines, and pulmonary function were compared 
between the two groups.

Total effective rate

Criteria for determining clinical efficacy: day-
time symptoms > twice per week (lasting a few 
minutes); any symptoms during night or when 
wakes up; need for rescue medication > twice 
per week; any limitation of activities (less run-
ning/playing than other children; easy to fatigue 
when walking/playing). Asthma is “well con-
trolled” if there is no above criteria, “partially 
controlled” if there are 1 or 2 above criteria, 
and “uncontrolled” if there are 3 or 4 above cri-
teria. Total effective rate = (well controlled + 
partially controlled)/total ×100% [4, 5].

Time to symptom relief

Time required to alleviate clinical symptoms 
including sibilant rhonchi, cough and wheez- 
ing.

Th1/Th2 cytokines

A volume of 5 mL fasting venous blood of all 
subjects was drawn before and after treatment. 
Blood samples were centrifuged at 3000 r/min 
for 10 min, and IFN-γ (interferon γ) and IL-4 
(interleukin-4) were detected in the serum.

Pulmonary function

Pulmonary function index PEF%pred (percent-
predicted values of peak expiratory flow) before 
and after treatment was compared between 
the groups.

Statistical analysis

All data were analyzed with SPSS 25.0 statisti-
cal package. Quantitative values were express- 
ed as mean ± standard deviation. Differences 
between groups were evaluated using indepen-
dent t-test and differences within group we- 
re compared using paired t-test; Enumeration 
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data were expressed as number/percentage  
(n, %) and compared by X2 test. P < 0.05 is con-
sidered statistically significant.

Results

Comparison of baseline condition

There was no significant difference in gender, 
age, duration of disease and asthma severity 
between the two groups (all P > 0.05), as sh- 
own in Table 1.

Comparison of total 
effective rate

The total effective ra- 
te of the experimental 
group was significant- 
ly higher than that of 
the control group (P < 
0.05). See Table 2 and 
Figure 1.

Comparison of time to 
symptom relief

The time to the relief of 
symptoms including si- 
bilant rhonchi, cough 
and wheezing was sig-
nificantly shorter in the 
experimental group th- 
an that in the control 
group (all P < 0.05). 
See Table 3.

Table 1. Comparison of baseline condition

Group Experimental 
group (n=35)

Control group 
(n=35) t/χ2 P

Gender 0.059 0.808
    Male 21 20
    Female 14 15
Age (year) 3.5±1.0 3.6±1.0 0.124 0.902
Duration of Disease (year) 4.6±2.1 4.9±2.0 0.062 0.951
Asthma Severity 0.2543 0.881
    Mild 12 13
    Moderate 23 22

Table 2. Comparison of total effective rate (n, %)

Group Well  
controlled

Partially 
controlled Uncontrolled Total effective 

rate
Experimental group (n=35) 13 (37.14) 20 (57.14) 2 (5.71) 33 (94.29)
Control group (n=35) 7 (20.00) 16 (45.71) 12 (34.29) 23 (65.71)
χ2 8.929
P 0.003

Comparison of Th1/Th2 cytokines

There was no significant difference in Th1/Th2 
cytokine levels between the two groups before 
treatment. However, after treatment, IFN-γ was 
significantly higher in the experimental group 
than that in the control group, while IL-4 was 
significantly lower in the experimental group 
than that in the control group (both P < 0.05). 
See Table 4.

Comparison of PEF%pred

There was no difference in the PEF%pred 
between the two groups before treatment (P > 
0.05). After treatment, the PEF%pred of the 
experimental group was higher than that of  
the control group (P < 0.05). Moreover, the 
PEF%pred after treatment was significantly 
higher than that before treatment in both gr- 
oups (both P < 0.05). See Table 5.

Discussion

Clinical studies have shown that the incidence 
of bronchial asthma in children is as high as 
3-5% in China [6]. In recent years, the incidence 
of bronchial asthma in children has increased 
significantly due to the deteriorating living envi-
ronment in China. Previous studies have sh- 
own that inflammatory cells in the airway, such 
as T lymphocytes, mast cells, eosinophils, and 

Figure 1. Comparison of total effective rate. *P < 
0.05, compared with the control group.
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their secretions, including leukotrienes, prosta-
glandins, histamine, interleukins, tumor necro-
sis factors (TNFs) etc., participated in the oc- 
currence and development of bronchial asth- 
ma [7, 8]. Until now, the cause of bronchial 
asthma is still unclear. It is generally believed 
that the occurrence of this disease is closely 
related to heredity and environment. T helper 
cells are further divided into Th1 and Th2 cells 
according to different secreted cytokines. Im- 
balanced Th1/Th2 cell subsets may result in 
decreased Th1 cytokines and increased Th2 
cytokines, which are fundamental causes of 
bronchial asthma [9, 10]. IFN-γ produced in Th1 
cells can activate macrophages, enhance the 
phagocytic activity, and kill pathogenic microor-
ganisms in a variety of cells [11, 12]. IL-4 pro-
duced in Th2 cells plays an important role in 
humoral immunity. IL-4 exerts its function by 
promoting the proliferation of B cells to pro-

duce IgE and IgG, thereby stimulat-
ing immune response. It has been 
found that the level of IL-4 was posi-
tively correlated with the severity of 
bronchial asthma [13, 14].

At present, it is generally believed 
that the imbalance of Th1/Th2 cyto-
kines is closely related to the occur-
rence of bronchial asthma, especial-
ly the imbalance of IFN-γ and IL-4, 
which is manifested as IFN-γ lower 
than 1.21 μg/L and IL-4 higher than 
1.01 ng/L [15]. Therefore, the cur-
rent clinical treatment strategy of 
asthma has transitioned from allevi-
ating respiratory tract spasm to 
restoring Th1/Th2 cytokine imbal-
ance, so as to reduce the inflamma-
tion and airway response caused by 
Th1/Th2 cytokine imbalance. In this 
study, LTRA was effective in the 
treatment of bronchial asthma, and 
patients treated with LTRA were less 
likely to relapse. The reason is two-
fold. First, montelukast is character-
ized by good lipophilicity and absorb-
ability. Montelukast specifically in- 
hibits cy-steinyl leukotriene receptor 
as well as the production of hista-
mine and oxide. As a result, eosino-
phil infiltration and vascular perme-
ability could be reduced, which in tu- 
rn enhanced airway cilia clearance 

and reduced airway resistance to facilitate spu-
tum expectoration. All these effects were con-
ducive to the control of disease progression 
[16-18]. Second, montelukast has stimulating 
effect on the proliferation of T lymphocyte, 
which can increase the number of T lympho-
cytes and contribute to the improvement of 
immune function in asthma patients. In addi-
tion, montelukast has a rapid onset and re- 
markable effect on the control of asthma symp-
toms. After administration, the IFN-γ level was 
increased and the IL-4 level was lowered, indi-
cating that the airway inflammation was con-
trolled and the Th1/Th2 imbalance was re- 
stored. Thus, patient’s quality of life could be 
improved due to rapidly relieved symptoms and 
enhanced immune function. Notably, patients 
usually did not experience drug resistance even 
after long term use and the side effects were 
also rather mild [19-23].

Table 3. Comparison of time to symptom relief (mean ± sd)

Group Sibilant 
rhonchi (d) Cough (d) Wheezing (d)

Experimental group (n=35) 1.6±0.2 2.1±0.3 1.9±0.3
Control group (n=35) 4.0±0.8 4.1±0.8 4.0±0.9
χ2 16.473 13.836 13.582
P <0.001 <0.001 <0.001

Table 4. Comparison of Th1/Th2 cytokines

Group Experimental 
group (n=35)

Control 
group (n=35) t/χ2 P

IFN-γ (μg/L)
    Before treatment 1.01±0.08 1.00±0.09 0.491 0.625
    After treatment 1.49±0.19 1.28±0.12 5.529 <0.001
    t 13.775 11.043
    P <0.001 <0.001
IL-4 (ng/mL)
    Before treatment 1.38±0.11 1.39±0.13 0.347 0.729
    After treatment 0.52±0.03 1.12±0.04 70.993 <0.001
    t 44.623 11.744
    P <0.001 <0.001

Table 5. Comparison of PEF%pred

Group Experimental 
group (n=35)

Control 
group (n=35) t P

Before treatment (%) 70.52±2.05 70.59±2.01 0.144 0.886
After treatment (%) 94.62±10.62 86.02±6.25 4.129 <0.001
t 13.182 13.904
P <0.001 <0.001
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In conclusion, LTRAs could effectively relieve 
symptoms such as dyspnea, cough, and whe- 
ezing in pediatric bronchial asthma patients. 
LTRAs could also improve patient’s pulmonary 
function and immune function with significant 
short-term and long-term efficacy and low 
relapse rate. Therefore, LTRAs are highly rec-
ommended in clinical practice treating pe- 
diatric bronchial asthma patients. However, the 
single centered small sample size is a limita- 
tion of this study. The conclusions of this stu- 
dy are to be confirmed by the results of a multi-
center randomized controlled trial with a larger 
sample size.
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