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ABSTRACT 

Objective: Cysteinyl leukotrienes (CysLTs) are potent mediators of inflammation that are associated with cerebral ischemia/reperfusion (I/R) 

injury. The CysLTs receptor antagonist may offer protection against ischemic injury. The present study was designed to investigate the role of 

zafirlukast in experimentally induced global cerebral ischemia/reperfusion (I/R) injury in mice. 

Methods: Global cerebral ischemia-reperfusion was induced by bilateral carotid artery occlusion for 17 min followed by 24 h reperfusion. Mice were 

randomly assigned to eight groups (n = 6 per group): control, sham-operated, I/R control, prednisolone treated group (5 mg/kg, p. o.) for 10 d, 

zafirlukast treated group (5, 10, 20 mg/kg, p. o.) for 10 d and combination group treated with zafirlukast (5 mg/kg, p. o.)+nifedipine (5 mg/kg, i. p.) for 

10 d before ischemia/reperfusion. At the end of reperfusion (24 h), a blood sample was collected from retro-orbital route and mice’s brain was removed 

by cervical dislocation to measure serum lactate dehydrogenase (LDH), serum nitrite concentration, malondialdehyde (MDA), and cerebral infarct size. 

Results: Zafirlukast showed the dose-dependent neuroprotective activity by a significant decrease in lipid peroxidation, lactate dehydrogenase, 

serum nitrite level and cerebral infarct size. The high dose of zafirlukast (20 mg/kg, p. o.) and combination of zafirlukast (5 mg/kg, p. o.) with 

nifedipine (5 mg/kg, i. p.) showed the most potent neuroprotective effect against ischemic/reperfusion (I/R) group. 

Conclusion: This original study demonstrated the potency of zafirlukast in global cerebral ischemia/reperfusion injury. Also zafirlukast, in 

combination with nifedipine could represent a therapeutic approach to reduce inflammation associated with ischemia injury. 
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INTRODUCTION 

Stroke is one of the leading causes of death and adult long-term 

disability worldwide, with ischemic stroke comprising more than 

85% of total cases, as a consequence of a permanent or transient 

occlusion by either embolism or thrombosis of cerebral arteries [1-

3]. In global cerebral ischemia, reduction of glucose and oxygen in 

whole brain, depending on the cerebral artery occluded. Ischemia 

produces serious damage of brain tissue followed by molecular and 

biochemical alteration [4-6]. One of the main causes of global 

cerebral ischemia is cardiac arrest, which leads to neurological 

consequence to the patients [7]. The potential treatment of ischemic 

stroke is still lacking due to narrow therapeutic window [3]. The 

exact mechanism involved in ischemic stroke through 

pathophysiological processes such as oxidative stress, activation of 

voltage-gated calcium channel, inflammation, excitotoxicity, 

apoptosis and necrosis, and mitochondrial dysfunction [8-12]. To 

date, thrombolytic agent recombinant tissue plasminogen activator 

(rt-PA) mainly recommended for the treatment of ischemic stroke, 

the normal prognosis is unsatisfactory [13]. Therefore, it is 

necessary to develop new therapeutic agent for the treatment of 

ischemic stroke.  

Zafirlukast is cysteinyl leukotrienes (CysLTs) antagonist that has an 

anti-inflammatory and antiasthma effect [14]. Leukotrienes are a 

group of eicosanoid inflammatory mediators produced in leukocyte 

by the oxidation of arachidonic acid by the enzyme 5-lipoxygenase 

[15, 16]. The Leukotrienes were first discovered in leukocyte, but 

have since found in other immune cells.  

Pharmacological studies indicated that cysteinyl Leukotrienes 

activate at least two receptors, cysteinyl Leukotrienes receptor 1 

(CysLTR1) and Cysteinyl Leukotrienes receptor 2 (CysLTR2) and 

this two cysteinyl-leukotrienes receptor are present on endothelial 

cells mast cells, and eosinophil. They stimulate proinflammatory 

activities when activation such as endothelial cell adherence and 

chemokine production by mast cells [17]. The level of Cysteinyl 

Leukotrienes (CysLTs), has been increased in asthmatic patient and also 

excess Cysteinyl Leukotrienes (CysLTs) can induce anaphylactic shock 

[18]. After a period of global cerebral ischemia results in activation, 

accumulation and adherence of circulating leukocytes to the 

endothelium of blood vessels [19, 20]. There is a univocal relationship 

between the accumulation of high amount of Cysteinyl Leukotrienes 

(CysLTs) and enhanced leukocyte aggregation which in turn will activate 

toxic oxygen radicals and hydrolytic enzyme that contribute to the full 

expression of ischemia-reperfusion injury [21, 22]. 

Research findings by Corser-Jensen et al. [23] point towards the 

increased production of Cysteinyl Leukotrienes (CysLTs) in the 

ischemic brains, and this increase interacted with blood-brain 

barrier (BBB) dysfunction and brain damage. Therefore, aggregation 

of Cysteinyl Leukotrienes (CysLTs) in the brain may play a key role 

in cerebral ischemia. 

The previous studied on 5-lipoxygenase inhibitors have been reported 

to offer a protective effect on cerebral ischemia [24]. In addition, 
montelukast is a selective Cysteinyl Leukotrienes (CysLTs) receptor 

antagonist, protected mice and rat against global and focal cerebral 
ischemia [25]. In the present study, zafirlukast, the prototype Cysteinyl 

Leukotrienes (CysLTs) receptor antagonist has the same 
neuroprotective effect as montelukast. Additionally, this experimental 

investigational was conducted to unveil the exact mechanism of its 
neuroprotective effect which needs further clarification. 

MATERIALS AND METHODS 

Animals 

Swiss albino mice of either sex weighing 20-25 g were procured 

from animal house facility of Shri Guru Ram Rai Institute of 

Technology and Science, Patel Nagar, Dehradun. During the 

experiment, mice were acclimatized in the departmental animal 

house facility and housed in polypropylene cage with husk bedding 
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(renewed every 48 h), under 12:12 h light dark cycle at 25 °C±5 °C. 

The mice were allowed free access to commercial pellet diet and 

water ad libitum. The protocol was approved by the Institutional 

Animal Ethics Committee (Registration No. 264/PO/ReBi/S/ 

2002/CPCSEA) and experiment was carried out in accordance with 

the CPCSEA guidelines.  

Experimental protocol 

Animals were randomly allocated into eight groups (n = 6 mice per 

group). 

� Group 1:-Normal control group. 

� Group 2:-Sham Control: Only surgical procedure was performed 

on 10th d. 

� Group 3:-Negative control group: Vehicle will be administered 

for 10 d, then BCA was occluded for 17 min, followed by reperfusion 

for 24 h.  

� Group 4:-Standard group treated with Prednisolone (5 mg/kg, 

p. o.) for 10 d before occlusion 

� Group 5:-Test group treated with Zafirlukast (5 mg/Kg, p. o.) for 

10 d before occlusion.  

� Group 6:-Test group treated with Zafirlukast (10 mg/kg, p. o.) 

for 10 d before occlusion.  

� Group 7:-Test group treated with Zafirlukast (20 mg/kg, p. o.) 

for 10 d before occlusion.  

� Group 8:-Test group treated with Zafirlukast (5 mg/kg, p. 

o.)+Nifedipine (5 mg/kg, i. p) for 10 d before occlusion. 

Induction of global cerebral ischemia 

The experimental mice were anesthetized with chloral hydrate (400 

mg/kg, i. p.). A midline ventral incision was made in the neck to expose 

the right and left common carotid arteries, which were isolated from 

surrounding tissue and vagus nerve. A cotton thread was passed 

below both the carotid arteries. Global cerebral ischemia was induced 

by occluding the bilateral carotid arteries. Then after 17 min of global 

cerebral ischemia, reperfusion was allowed for 24 h. The incision was 

sutured back in layers. The sutured area was cleaned with 70% 

ethanol and was sprayed with antibiotic (Neosporin) dusting powder. 

Animals were transferred to individually their home cage and were 

allowed to recover overnight. Body temperature of mice was 

maintained at 37 °C by heated surgical platform [26, 27]. 

Assessment of cerebral infarct size  

At the end of 24 h of reperfusion after global cerebral ischemia, 

animals were sacrificed by cervical dislocation under light 

anesthesia then brain was removed. The brain was kept overnight at 

4 °C in the freezer. Frozen brain was sliced into uniform sections of 

about 1 mm thickness. The slices were incubated with 1% 

Triphenyltetrazolium chloride (TTC) at 37 ° C in 0.2 M tris buffer 

(pH 7.4) for 20 min. Triphenyltetrazolium chloride (TTC) is 

converted to a red formazone pigment by nicotinamide adenine 

dinucleotide (NAD) and lactate dehydrogenase and thus stained the 

viable cell deep red. The infarcted cells lost the enzymes as well as a 

cofactor and thus remain unstained dull yellow. The brain slices were 

placed over a glass plate. A transparent plastic grid with 100 squares 

in 1 cm2 was placed over it. The average area of each brain slice was 

calculated by counting the number of squares on either side. 

Correspondingly, the number of squares falling over the non-stained 

dull yellow area was also counted. Infarcts area was expressed as a 

percentage of the total brain volume. Whole brain slices were weighed. 

Infarcted area was expressed as a percentage of the total brain 

volume. Whole brain slices were weighed. Infarcted dull yellow part 

was dissected out and weighed. Infarct size was expressed as a 

percentage of the total wet weight of the brain [27]. 

Preparation of post-mitochondrial supernatant (PMS) 

The animals were sacrificed with cervical dislocation under light 

anesthesia. The whole brain was carefully removed from the skull 

and washed in cooled 0.9% saline, then kept on an ice bath and 

subsequently blotted on filter paper. The fresh whole brain was 

weighed and homogenized in cold phosphate buffer (0.1 M, pH 7.4) 

using a homogenizer. Then homogenate was centrifuged at 10,000 

rpm for 15 min at 4 ° C and the post-mitochondrial supernatant was 

kept on ice until assayed [28]. 

Estimation of protein 

The content of total protein in tissue homogenate was measured 

following the method of Lowry et al. using bovine serum albumin as 

a standard [29].  

Estimation of lipid peroxidation 

The extent of lipid peroxidation level was determined as the 

concentration of thiobarbituric acid reactive substances (TBARS), 

according to the method of Ohkawa et al. [30]. 0.2 ml of tissue 

homogenate, 1.5 ml acetic acid (20 %, pH 3.5), 1.5 ml thiobarbituric 

acid (0.8%) and 0.2 ml of sodium dodecyl sulfate were added and 

gently vortexed. The mixture was kept for 1 hr in a boiling water 

bath at 95 °C. After 1 hr, the reaction mixture was removed from the 

water bath, cooled and added 1 ml of distilled water. 5 ml of butanol: 

pyridine mixture (15:1) was added to the reaction tube and mixed 

well. After centrifugation at 3000 rpm for 10 min, the organic layer 

was withdrawn and absorbance was measured at 532 nm against 

blank. The content of Malondialdehyde (MDA) was expressed as 

nanomoles/mg protein. 

Preparation of serum 

At the end of the reperfusion (24 h), blood was collected from retro-

orbital plexus from the inner canthus of the eye (under light 

anesthesia) using glass capillary tubes. Serum was separated by 

centrifugation blood at 3000 rpm for 15 min. The serum was used 

for estimation of lactate dehydrogenase (LDH) and serum nitrite 

concentration. 

Estimation of lactate dehydrogenase (LDH) 

The quantitative determination of the activity of lactate 

dehydrogenase (LDH) in serum was done using the enzymatic kit 

(LDH kit-Aspen Laboratories Pvt. Ltd., Baddi, India.). 

Estimation of serum nitrite  

It was estimated by according to the method of sastry et al. [30]. 400 
µl of carbonate buffer (pH 9.0) was added to 100 µl of serum or 

standards sample followed by addition of small amount of copper 
cadmium alloy. The tubes were incubated at room temperature for 1 

hr to reduce nitrate to nitrite. The reaction was stopped by adding 
100 µl of 0.35 M sodium hydroxide (NaOH), followed by 400 µl of 

zinc sulfate (120 nM) was added to deproteinate the serum samples. 
The samples was allowed to stand for 10 min and then centrifuged 

at 4000 rpm for 10 min. Aliquots (500 µl) of the clear supernatant 
were transferred to another test tube and 250 µl 1.0% sulfanilamide 

(prepared in 3N HCl) and 250 µl 0.1% N-naphthylethylenediamine 
(prepared in water) was added with shaking. After 10 min the 

absorbance was measured at 545 nm against a blank containing the 
same concentration of ingredients but no biological sample. Serum 

nitrite concentration was calculated by using a standard curve of 
sodium nitrite.  

Statistical analysis 

All data were expressed as mean±standard error mean (SEM). All 
data were statically analysed using one-way analysis of variance 

(ANOVA) followed by Tukey’s multiple range test for multiple 
comparison among various groups respectively.  

RESULTS 

Effect of zafirlukast on global cerebral ischemia/reperfusion-

induced increase in thiobarbituric acid reactive substances 

(TBARS). 

Global cerebral ischemia of 17 min followed by 24 h reperfusion 

produced a significant (p = ≤0.001) increase the TBARS level in I/R 

injury group as compared to the control and sham group. There was 

no significant difference observed between control and sham control 

group when TBARS level was compared. Administration of high dose 
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of zafirlukast (20 mg/kg, p. o.) decrease more significantly (p = 

≤0.01) TBARS level as compared to the low and medium dose of 

zafirlukast (5 and 10 mg/kg, p. o.), zafirlukast (5 mg/kg, p. o.) and 

nifedipine (5 mg/kg, i. p.) in combination reduced more significantly 

(p = ≤0.001) TBARS level as compare to individual administration of 

zafirlukast (fig. 1). 

Effect of zafirlukast on global cerebral ischemia/reperfusion-

induced on serum lactate dehydrogenase (LDH)  

Global cerebral ischemia of 17 min followed by 24 h reperfusion 

produced a significant (p = ≤0.001) increase in LDH level in I/R 
injury group compared to the control and sham group. There was no 

significant difference observed between control and sham control 
group when LDH level was compared. Administration of high dose of 

zafirlukast (20 mg/kg, p. o.) decrease more significantly (p = ≤0.001) 
LDH level in blood serum as compare to the low and medium dose of 

zafirlukast (5 and 10 mg/kg, p. o.), zafirlukast (5 mg/kg, p. o.) and 

nifedipine (5 mg/kg, i. p.) in combination reduced more significantly 
(p = ≤0.001) LDH level in blood as compare to individual 

administration of zafirlukast (fig. 2). 

Effect of zafirlukast on global cerebral ischemia/reperfusion-

induced on serum nitrite level 

Global cerebral ischemia of 17 min followed by 24 h reperfusion 

produced a significant (p = ≤0.001) increase in level serum total 

nitrate/nitrite level in I/R injury group compared to the control and 

sham control group. There was no significant difference observed 

between control and sham control group when serum nitrite level was 

compared. Administration of high dose of zafirlukast (20 mg/kg, p. o.) 

decrease more significantly (p = ≤0.001) serum nitrite level as 

compare to the low and medium dose of zafirlukast (5 and 10 mg/kg, 

p. o.), zafirlukast (5 mg/kg, p. o.) and nifedipine (5 mg/kg, i. p.) in 

combination reduced more significantly (p = ≤0.001) serum nitrite 

level as compared to individual administration of zafirlukast (fig. 3). 

Effect of zafirlukast on global cerebral ischemia/reperfusion-

induced cerebral infarct size 

Global cerebral ischemia of 17 min followed by 24 h reperfusion 

produced significant (p = ≤0.001) increase the cerebral infarct size 

in the negative control group compared to the control and sham 

group when measured by both volume and weight method. There 

was no significant difference observed between control and sham 

control group when cerebral infarct size measured by both volume 

and weight methods. Administration of high dose of zafirlukast (20 

mg/kg, p. o.) decrease more significantly (p = ≤0.001 and p = ≤0.01) 

cerebral infarct size as compare to low and medium dose of 

zafirlukast (5 and 10 mg/kg, p. o.), zafirlukast (5 mg/kg, p. o.) and 

nifedipine (5 mg/kg, i. p.) in combination reduced more significantly 

(p = ≤0.001) cerebral infarct size as compare to individual 

administration of zafirlukast (fig. 4, 5 and 6). 

 

 

Fig. 1: Effect of zafirlukast on global cerebral ischemia and reperfusion injury induced on thiobarbituric acid reactive substances (TBARS) 

level. All data are expressed as mean±SEM, n = 6, a = p≤0.001 Vs control group; b = p≤0.001 Vs negative; c = p≤0.01 Vs negative control group 

 

 

Fig. 2: Effect of zafirlukast on global cerebral ischemia/reperfusion injury induced on lactate dehydrogenase (LDH). All data are 

expressed as mean±SEM, n = 6, a = p≤0.001 Vs control group; b = p≤0.001 Vs negative; c = p≤0.01 Vs negative control; d = p≤0.05 Vs 

negative control group 
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Fig. 3: Effect of zafirlukast on global cerebral ischemia and reperfusion injury induced on serum nitrite level. All data are expressed as 

mean±SEM, n = 6, a = p≤0.001 Vs control group; b = p≤0.001 Vs negative; c = p≤0.01 Vs negative control group 

 

 

Fig. 4: Effect of zafirlukast on global cerebral ischemia/reperfusion injury induced cerebral infarct size in mice by volume method. All 

data are expressed as mean±SEM, n = 6, a = p≤0.001 Vs control group; b = p≤0.001 Vs negative; c = p≤0.01 Vs negative control group 

 

 

Fig. 5: Effect of Zafirlukast on global cerebral ischemia/reperfusion injury induced cerebral infarct size in mice by a weight method. All 

data are expressed as mean±SEM, n = 6, a = p≤0.001 Vs control group; b = p≤0.001 Vs negative; c = p≤0.01 Vs negative control group 
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Fig. 6: Effect of zafirlukast against global cerebral ischemia/reperfusion injury in mice evaluated by 2,3,5-triphenyltetrazolium chloride 

(TTC) staining. Brain coronal sections were prepared and each section was stained with TTC. (A) Control: normal animal, (B) Sham 

control: Carotid arteries were exposed for 17 min, (C) Negative control: distilled water+ischemia for 17 min, (D) Standard: Prednisolone 

(5 mg/kg, p. o.)+ischemia for 17 min, (E) Zafirlukast (5 mg/kg, p. o.)+ischemia for 17 min), (F) Zafirlukast (10 mg/kg, p. o.)+ischemia for 

17 min, (G) Zafirlukast (20 mg/kg, p. o.)+ischemia for 17 min, (H) Zafirlukast+Nifedipine (5 mg/kg, p. o.+5 mg/kg, i. p.)+ischemia for 17 

min. The infarction was markedly reduced in the mice brain with (H) 
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DISCUSSION 

In the present study was designed to investigate the role of 

zafirlukast in experimentally induced global cerebral 
ischemia/reperfusion (I/R) injury in mice. It is well known that 

stroke is a sudden loss of brain function due to alteration in cerebral 
circulation with symptoms lasting at least for 24 h and this may lead 

to death. Stroke is neurological dysfunction and it can occur both 
global and focal impairments including hemiparesis, asthenia, severe 

headache and blackouts [32]. Basically, stroke caused by either 
thrombosis (ischemic stroke) or rupture of a blood vessel 

(hemorrhagic stroke) [33]. The exact mechanism involved in ischemic 
stroke through pathophysiological processes such as oxidative stress, 

activation of voltage-gated calcium channel, inflammation, 

excitotoxicity, apoptosis and necrosis. After ischemia, oxidative stress 
and inflammation plays a very important role in brain damage [8]. 

Various studies have established that neuronal injuries are developing 
when cerebral ischemia occurs. The bilateral carotid artery (BCA) 

occlusion for 10-20 min is the most easy and common form to induce 
ischemia. Therefore, in the study global cerebral ischemia was induced 

by occluding common carotid arteries for 17 min followed by 
reperfusion for 24 h [27]. It was indicated by the elevation of lipid 

peroxidation, lactate dehydrogenase level, serum nitrite concentration 
and cerebral infarct size in our study. 

Oxidative stress plays important role in damage of the brain. In 

ischemic condition, level of oxygen are depleted in brain cells since 

glucose are favoring to the pathway of anaerobic ATP production. 

This result in H+and lactic acid production within the mitochondria 

and the subsequent reversal H+uniporter on the mitochondrial 

membrane which act as highly H+aggregation and acidosis [35]. 

Enormous formation of reactive oxygen species (ROS) at the time of 

ischemia/reperfusion lead to the damage of proteins, lipids and 

nucleic acid, thereby lead to apoptosis or necrosis [36]. In this study, 

leukocyte play a vital role in mediating inflammatory response on 

ischemia. After ischemia, leukocyte and microglia are activated and 

aggregation within tissue of brain and leading to the inflammatory 

response. Also, astrocytes show the inflammatory response at 

ischemic stroke [25]. When there is an imbalance between oxidants 

and antioxidants or means by increasing free radicals, as a result, 

enhance the activity of 5-lipooxygenase (5-LO) and leukotrienes 

(LTs) in the ischemic area [37]. The content of arachidonic acid (AA) 

level was higher in brain region should be confirmed and 

leukotrienes (LTs), as well as 5-lipooxygenase (5-LO), were elevated 

in ischemic region, it demonstrates LTs play important role in 

cerebral ischemia. Because leukotrienes are inflammatory mediators 

which contain polymorphonuclear leukocytes (PMN) and it is the 

first line defense to reach the ischemic area [15]. 

Reactive oxygen species (ROS) produces malondialdehyde (MDA), 

which is end product of lipid peroxidation. The concentration of MDA 

was assayed as an index of membrane oxidative damage [38]. In the 

present study, MDA was evaluated using TBARS assay to estimate 

extent of reactive oxygen species formation [39]. Global cerebral 

ischemia/reperfusion-induced in mice showed the statistical 

significant increase oxidative stress levels as, determined by increased 

TBARS levels, as a compared control group. Administration of high 

dose of zafirlukast (20 mg/kg, p. o.) decrease more significantly TBARS 

level as compared to the low and medium dose of zafirlukast (5 and 10 

mg/kg, p. o.), zafirlukast (5 mg/kg, p. o.) and nifedipine (5 mg/kg, i. p.) 

in combination reduced more significantly TBARS level as compare to 

individual administration of zafirlukast. 

Lactate dehydrogenase (LDH) serves as a very important metabolic 

enzyme in neuron form injured neuron to blood and it is released 

into the bloodstream from damage cerebral cells [40]. Thus, level of 

LDH in serum is a reliable index to investigate ischemic injury. The 

pretreatment treatment with high dose of zafirlukast (20 mg/kg, p. 

o.) decrease more significantly LDH level as compared to the low 

and medium dose of zafirlukast (5 and 10 mg/kg, p. o.), zafirlukast 

(5 mg/kg, p. o.) and nifedipine (5 mg/kg, i. p.) in combination 

reduced more significantly LDH level as compared to individual 

administration of zafirlukast. 

Nitric oxide (NO) is a transient gaseous second messenger molecule 

functioning in immunity, neurotransmission and vascular regulation. 

The level of NO directly linked with the development of brain 

damage in strokes and other neuropathological disorders in humans 

[42]. The pretreatment with high dose of zafirlukast (20 mg/kg, p. 

o.) decrease more significantly serum nitrite level as compared to 

the low and medium dose of zafirlukast (5 and 10 mg/kg, p. o.), 

zafirlukast (5 mg/kg, p. o.) and nifedipine (5 mg/kg, i. p.) in 

combination reduced more significantly serum nitrite level as 

compared to individual administration of zafirlukast.  

The zafirlukast exhibited neuroprotection as is evident from the 

reduction of infarct size. Global cerebral ischemia was induced by 

bilateral carotid artery occlusion (BCAO) for 17 min followed by 

reperfusion for 24 h. It is well known that global cerebral ischemia 

causes neurological dysfunction. Triphenyltetrazolium chloride 

(TTC) staining was employed in the current study to determine the 

infarction area of the brain. Triphenyltetrazolium chloride (TTC) 

was water-soluble dye that is reduced to the formation of red 

formazone by the succinate dehydrogenase enzyme and 

nicotinamide adenine dinucleotide (NAD) cofactor. The stain viable 

tissue occurs in red color and damaged mitochondria with ischemic 

tissue remain unstained [27]. Administration of high dose of 

zafirlukast (20 mg/kg, p. o.) decrease more significantly cerebral 

infarct size as compare to low and medium dose of zafirlukast (5 and 

10 mg/kg, p. o.), zafirlukast (5 mg/kg, p. o.) and nifedipine (5 mg/kg, 

i. p.) in combination reduced more significantly cerebral infarct size 

as compare to individual administration of zafirlukast.  

The results indicate that cysteinyl leukotrienes antagonist 

zafirlukast was good neuroprotective effect and could be used as a 

therapeutic treatment in ischemic stroke.  

CONCLUSION 

Our findings clearly demonstrate cysteinyl leukotrienes antagonist 

with zafirlukast introduce a strong anti-inflammatory and 

antioxidant effect. Our results constitute the new evidence for the 

neuroprotective of leukotrienes antagonists and it need for further 

clinical and experimental studies that will explain the clinical 

opportunity of therapy with zafirlukast as an exclusive agent for 

patient suffering from a stroke. 
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