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ABSTRACT. The aim of this study was to investigate the effect of mon-
telukast on the expression of interleukin (IL)-18, telomerase reverse tran-
scriptase (TERT), and Bcl-2 in the brain tissue of neonatal rats with hypox-
ic-ischemic brain damage (HIBD). To establish the model of HIBD, 8% 
oxygen was applied to rats after the unilateral carotid artery was ligated. 
Twenty rats were randomly assigned to the control group, while another 40 
were used to establish the HIBD model and were randomly divided equally 
into model group and treatment group. A 0.1 mg/kg dose of montelukast 
or an equal volume of saline was intraperitoneally injected to the rats in 
the treatment group and the model group, respectively. Brain tissue from 4 
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rats in each group was sampled at 0, 6, 12, 24, and 72 h after brain damage, 
and immunohistochemistry was used to measure IL-18, TERT and Bcl-2 
expressions. IL-18, TERT, and Bcl-2 levels increased after 12 h in both the 
model group and treatment group, peaked after 48 h, and then decreased. 
Although not statistically significant, IL-18, TERT, and Bcl-2 expressions 
after 24, 48, and 96 h were all lower in the treatment group than those in 
the model group. In conclusion, montelukast has a protective effect on the 
cerebral tissue of neonatal rats with HIBD, and may mediate an increase 
of TERT and Bcl-2 levels but not of IL-18. Further study is required to 
elucidate the mechanism of the protective effect of montelukast on HIBD.
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INTRODUCTION

Neonatal hypoxic-ischemic brain damage (HIBD) caused by perinatal asphyxia and 
anoxia is the main cause of neonatal death and neurological disability (Selway, 2010; van 
Velthoven et al., 2012). Montelukast is mainly used to treat asthma and combined allergic 
rhinitis and asthma syndrome. Several studies have shown that montelukast has a concentra-
tion-dependent protective effect in mice with acute focal cerebral ischemia (Yu et al., 2005). 
Interleukin (IL)-18 is involved in the pathogenesis of HIBD, telomerase reverse transcriptase 
(TERT) can relieve brain damage caused by HIBD, and Bc1-2 protein-positive cells appear 
in the hippocampus immediately after the onset of HIBD. Thus, the present study aimed to 
investigate the effect of montelukast on the expressions of IL-18, TERT, and Bcl-2 in the brain 
tissue of neonatal rats with HIBD.

MATERIAL AND METHODS

Experimental animals

All animals were raised and handled in strict accordance with the Animal Ethical Stan-
dard, and this study was approved by Affiliated Hospital of Weifang Medical University, Shan-
dong Province Ethics Committee. Sixty rats aged 7 days old were selected. Twenty rats were 
randomly selected to be the control group, and the remaining 40 were used as model rats, and 
were randomly divided into an equally sized model group and montelukast group. Model rats 
were treated using the method of Rice (Rice et al., 1981; Del Bufalo et al., 2005). Briefly, the 
left common carotid artery of the rats were separated and cut off. The rats were kept in company 
of their mothers for 2 h. Then, the rats were put into an organic glass oxygen cabin, and exposed 
to 1 to 2 L/min oxygen and nitrogen gas mixture (8% O2, 92% N2) for 2 h. Finally, the HIBD-
model newborn rats were returned to their original environment and breastfed by mothers.

Main instruments

The main instruments used in this study were micropipettes (Eppendorf, France), 
electrophoresis apparatus power (Beijing Liuyi Instrument Factory, China), a vertical electro-
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phoresis tank (Beijing Liuyi Instrument Factory), a transfer instrument (Beijing Liuyi Instru-
ment Factory), and an incubator (ASONE, Japan) (Table 1).

Table 1. Instruments and equipment.

Name Manufacturer Model

Micropipette Eppendorf -
Electrophoresis apparatus power Beijing Liuyi Instrument Factory DYY-7C
Electrophoresis chamber Beijing Liuyi Instrument Factory DYCZ-24DN
Electroporation System Beijing Liuyi Instrument Factory DYCZ-40
Incubator ASONE ICV-450

Main reagents

The main reagents used in this study included Dulbecco’s modified Eagle’s medi-
um (Gibco, USA), montelukast (Merck, USA), TERT booster, Bcl-2, and glyceraldehyde 
3-phosphate dehydrogenase polyclonal antibody (Wuhan Boster Biotech Co., Ltd.) (Table 2).

Name Manufacturer

Dulbecco’s modified Eagle’s medium Gibco
Montelukast Merck
Primary antibody TERT Boster
Primary antibody Bcl-2 Boster
Primary antibody GAPDH Boster
IL-18 immunohistochemical kit Boster
Bcl-2 immunohistochemical kit Boster
TERT immunohistochemical kit Boster
Immunoglobulin G Chemicon

Table 2. Reagents used.

Grouping 

Rats were treated according to the following procedure: treatment group, 0.1 mg/kg 
montelukast was intraperitoneally injected to rats immediately after induction of HIBD every 
12 h for 4 days; modeling group, 0.1 mg/kg normal saline was intraperitoneally injected to 
rats immediately after induction of HIBD every 12 h for 4 days; control group, rats received 
no treatment.

Brain tissue specimen preparation

The brain tissue of HIBD-model rats was placed on ice and washed with phosphate-
buffered saline. After fixing in neutral formaldehyde for 24 h, tissues were embedded in paraffin.

IL-18 detection by immunohistochemical staining

A slice of brain tissue was dewaxed twice, then incubated in H2O2 for 10 min at 
room temperature and repaired. The repaired slice was sealed in goat serum for 30 min and 
incubated with primary antibody (1:100) at 4°C overnight. Then, the slice was incubated with 
secondary antibody for 30 min and stained using 3,3ꞌ-diaminobenzidine (DAB). After restain-
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ing with hematoxylin, the slice was mounted with neutral balsam. Three slices were collected 
per sample, and the positive staining of integral optical density (IOD) value was evaluated.

Bcl-2 detection by immunohistochemical staining

A slice of brain tissue was dewaxed twice, then incubated in H2O2 for 10 min at 
room temperature and repaired. The repaired slice was sealed in goat serum for 30 min 
and incubated with primary antibody (1:100) at 4°C overnight. Then, the slice was incu-
bated with secondary antibody and chain avidin peroxidase enzyme complex for 30 min. 
After staining with DAB and restaining with hematoxylin, the slice was mounted with 
neutral balsam. Three slices were collected per sample, and the positive staining of IOD 
value was evaluated.

TERT detection by immunohistochemical staining

A slice of brain tissue was dewaxed twice, then incubated in H2O2 for 10 min at 
room temperature and repaired. The repaired slice was sealed in goat serum for 30 min and 
incubated with primary antibody (1:100) at 4°C overnight. Then, the slice was incubated with 
1,1ꞌ,3,3,3ꞌ,3ꞌ-hexamethylindotricarbocyanine (HITC)-labeled secondary antibody and propidi-
um iodide for 30 min. After staining with DAB and restaining with hematoxylin, the slice was 
mounted with neutral balsam. Three slices were collected per sample, and the positive staining 
of IOD value was evaluated.

Statistical analysis

The Image pro-Plus6.0 software was used for immunohistochemical analysis. All sta-
tistical analyses were performed using the SPSS 19.0 software (Chicago, IL, USA). Data were 
analyzed by the t-test and ANOVA for comparison among groups, with statistically significant 
differences defined as P < 0.05.

RESULTS 

Difference in IL-18 level

IL-18 increased after 12 h in both the model group and treatment group, and peaked 
after 48 h. After that, its expression decreased. Although not statistically significant, IL-18 
expression in the treatment group was all lower than that in the model group after 24, 48, and 
96 h (P > 0.05; Table 3).

Difference in TERT level

TERT increased after 12 h in the model group, reached peak at 48 h, and decreased 
at 96 h. TERT level also increased at 12 h in the treatment group. After reaching peak 
level at 48 h, it decreased. Although not statistically significant, TERT expression in the 
treatment group after 24, 48, and 96 h was lower than that in the model group (P > 0.05; 
Table 4).
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Time point  Average concentration (pg/mL)

 Control group Model group Treatment group

  0 h 3.165 3.173 3.171
12 h 3.163   4.163*       4.266*#

24 h 3.162   7.374*       6.764*#

48 h 3.159 10.076*       9.870*#

96 h 3.174   8.371*       8.168*#

Table 3. IL-18 concentration at different time points.

*P < 0.05 compared with control group; #P > 0.05 compared with model group. 0 h, before intraperitoneal injection; 
12 h, 12 h after intraperitoneal injection; 24 h, 24 h after intraperitoneal injection; 48 h, 48 h after intraperitoneal 
injection; 96 h, 96 h after intraperitoneal injection. 

Time point  TERT expression

 Control group Model group Treatment group

0 h 131652 ± 33215 131733 ± 32052 132178 ± 32291
12 h 131632 ± 31121   222163 ± 64212*    231766 ± 66552*#

24 h 131626 ± 33310   312174 ± 65225*    321864 ± 63109*#

48 h 131593 ± 31325   321776 ± 72116*    331870 ± 69116*#

96 h 131744 ± 32033   262171 ± 80127*    271869 ± 79222*#

Table 4. TERT concentration at different time points. 

Data are reported as means ± SE. *P < 0.05 compared with control group; #P > 0.05 compared with model group. 
0 h, before intraperitoneal injection; 12 h, 12 h after intraperitoneal injection; 24 h, 24 h after intraperitoneal 
injection; 48 h, 48 h after intraperitoneal injection; 96 h, 96 h after intraperitoneal injection. 

Bcl-2 comparison

Bcl-2 level was similar in both the model group and the treatment group. It peaked 
at 48 h and then decreased at 96 h. Bcl-2 expression after 24, 48, and 96 h was lower in the 
treatment group than that in the model group although there was no significant difference (P 
> 0.05; Table 5).

Time point  Bcl-2 expression

 Control group Model group Treatment group

  0 h 166525 ± 63221 165336 ± 66239 166786 ± 61236
12 h 166711 ± 62166   417355 ± 82905*    421722 ± 86389*#

24 h 166336 ± 61029     477744 ± 105391*      496648 ± 100734*#

48 h 165332 ± 62538   526652 ± 96342*    546708 ± 91599*#

96 h 166341 ± 63505   406126 ± 97500*    416691 ± 92745*#

Table 5. Bcl-2 concentration at different time points.

Data are reported as means ± SE. *P < 0.05 compared with control group; #P > 0.05 compared with model group. 
0 h, before intraperitoneal injection; 12 h, 12 h after intraperitoneal injection; 24 h, 24 h after intraperitoneal 
injection; 48 h, 48 h after intraperitoneal injection; 96 h, 96 h after intraperitoneal injection. 

DISCUSSION

Cysteinyl leukotrienes (CysLTs) are a type of strong inflammatory mediators. 
CysLTR1 mRNA expression is enhanced when HIBD occurs, especially after cerebral anoxia 
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and ischemia. It is principally overexpressed in cerebral capillary and neurocytes (Zhao et al., 
1997; Philip et al., 2010), which may be related to the participation of CysLTs in the blood-
brain barrier damage and brain edema. CysLTs are involved in many central nervous system 
disorders, such as cerebral ischemia, cerebral trauma, and cerebral hemorrhage. Montelukast 
is an antagonist of CysLT1, which can reduce the increase in CysLT content that is induced by 
cerebral ischemia. Therefore, it can prevent acute cerebral ischemia damage (Stelmach et al., 
2002; Stanford et al., 2013). 

IL-18 belongs to the immunoglobulin superfamily, and is produced by mononuclear 
macrophages. It is extensively secreted and participates in inflammation during HIBD (Szefler 
et al., 2013). In this study, IL-18 content increased following intraperitoneal injection of mon-
telukast to newborn rats with HIBD; however, there was no significant difference compared to 
the model group that was intraperitoneally injected with saline.

TERT is the catalytic center of the telomerase complex (Moulder and Rockwell, 
1984). TERT is only expressed in some of the human cells. TERT is overexpressed in brain 
cells in response to injury. TERT may inhibit Bax mitochondria transposition and cytochrome-
c to prevent apoptosis in various neurocytes. In this study, TERT expression increased after 
intraperitoneal injection of montelukast to newborn rats with HIBD; however, there was no 
significant difference compared to the model group that was intraperitoneally injected with 
saline (Moulder and Rockwell, 1984).

The Bcl-2 family plays an important role in regulation of cell apoptosis, and Bcl-2 
protein supports neurocytes’ survival. Upregulating Bcl-2 can significantly reduce the apop-
tosis rate of ischemic tissue cells, and promote ischemic brain tissue repair (Chen et al., 2003; 
Lu et al., 2009). Our results showed that Bcl-2 level increased after intraperitoneal injection 
of montelukast in newborn rats with HIBD; however, there was no significant difference com-
pared to the model group that was intraperitoneally injected with saline.

Montelukast can significantly improve nasal symptoms by inhibiting mast cells and 
eosinophils released by CysLTs. Meanwhile, it can also effectively reduce the acidophil num-
ber in the peripheral blood of patients with allergic rhinitis. Thus, montelukast is mainly used 
to treat asthma and combined allergic rhinitis and asthma syndrome. However, recent studies 
have suggested that montelukast exerts a concentration-dependent protective effect in mice 
with HIBD. It can reduce neurological symptoms, cerebellar infarction volume, brain edema, 
loss of neurons, and the permeability of the blood-brain barrier. It can also increase the density 
of neurons and reduce Evans blue exudation in brain. The treatment time window of montelu-
kast was 0.5 h after onset of ischemia. Its strength and characteristics are similar to pranlukast 
(Yu et al., 2005; Kose et al., 2012). However, there is still a lack of investigation into the effect 
of montelukast on chronic injury after focal cerebral ischemia.

Montelukast exhibited a protective effect against acute focal cerebral ischemia injury. 
Although it cannot reduce postoperative mortality in rats, montelukast can reduce the severity 
of chronic injury in surviving rats. This suggested that although montelukast can reduce isch-
emic damage, it cannot improve nerve function defects or reverse fatal damage. Montelukast 
improved the complex behavior recovery of chronic ischemic brain damage. Furthermore, 
montelukast can alleviate nerve damage and promote the functional recovery of nerves. Its 
protective role in newborn rats with HIBD might be stronger than edaravone (Cheng et al., 
1996; Karonen et al., 2012). However, montelukast cannot reverse fatal damage (Zhang et 
al., 2004; Kita et al., 2010). Several studies have shown that montelukast can inhibit neuron 
degeneration and necrosis after cerebral ischemia hypoxia (Bukstein et al., 2000; Matsunaga 
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et al., 2008). In the present study, montelukast was shown to increase TERT and Bcl-2 expres-
sion in a murine model of HIBD, which suggested that montelukast has protective role in rats 
with acute focal cerebral anoxia and ischemia damage (Yu et al., 2005).

In conclusion, montelukast exerts a protective effect in newborn rats with acute focal 
cerebral anoxia and ischemia damage; this may be related to TERT and Bcl-2 overexpression 
but not IL-18 concentration. Further study is required to elucidate the exact protective mecha-
nism of montelukast against HIBD.
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