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Abstract. Non-obvious effects of montelukast – leukotriene receptor blocker: frigoprotective and anticonvulsant 
properties. Shtrygol S.Yu., Kapelka I.G., Mishchenko M.V., Mishchenko O.Ya. The participation of arachidonic 
acid metabolism products – prostaglandins and leukotrienes – in the process of inflammation is a common pathogenetic 
link of cold injury and epilepsy. Montelukast is widely used for the treatment of bronchial asthma and allergic rhinitis 
as a leukotriene receptor blocker. However, the mechanism of action of the drug suggests a wider range of its 
pharmacological properties and the corresponding scope of application. This study is aimed to determine the 
effectiveness of montelukast as a potential frigoprotective and anticonvulsant drug. Experiments were performed on 73 
white mice weighing 20-22 g on models of acute general cooling and pentylenetetrazol convulsions. Frigoprotective 
properties were studied at a temperature of -18°C, recording the lifetime. Montelukast ("Singular", 2 mg/kg), 
acetylsalicylic acid ("Aspirin", 50 mg/kg), celecoxib ("Celebrex", 74 mg/kg), diclofenac sodium ("Voltaren", 14 mg/kg) 
were administered intragastrically as a suspension in a prophylactic mode, 30 minutes before the cold injury. In the 
study of anticonvulsant activity, montelukast ("Singular", 4 mg/kg) and sodium valproate ("Depakin", 300 mg/kg) were 
administered intragastrically 30 minutes before stimulating convulsions by subcutaneous administration of pentylene-
tetrazole (90 mg/kg). The latent period of convulsions, the number of convulsions per 1 animal, % of mice with clonic 
and tonic paroxysms, the severity of convulsions in points, the duration of the convulsive period, the lifetime of animals 
and lethality were recorded for an hour. On the model of acute general cooling, montelukast showed a dose-dependent 
frigoprotective effect at a dose of 2 mg/kg surpassing drugs with proven frigoprotective properties – acetylsalicylic acid 
and celecoxib. On the model of pentylenetetrazole-induced convulsions, montelukast statistically significantly reduced 
the integral indicator of anticonvulsant activity – lethality – by 2.57 times. Thus, the experiment proved the significant 
role of leukotrienes in the pathogenesis of cold injury and epilepsy and justified the feasibility of further study of the 
frigoprotective and anticonvulsant properties of montelukast – leukotriene receptor blocker a drug as for adjuvant 
therapy, especially when these pathologies are combined with bronchial asthma and allergic rhinitis. 
 
Реферат. Неочевидные эффекты блокатора лейкотриеновых рецепторов монтелукаста: фригопротекторные 
и противосудорожные свойства. Штрыголь С.Ю., Капелька И.Г., Мищенко М. В., Мищенко О.Я. 
Участие продуктов метаболизма арахидоновой кислоты – простагландинов и лейкотриенов – в процессе 
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воспаления является общим патогенетическим звеном холодовой травмы и эпилепсии. Монтелукаст как 
блокатор лейкотриеновых рецепторов широко применяется для лечения бронхиальной астмы и аллергических 
ринитов. Однако механизм действия препарата дает основания предположить более широкий спектр его 
фармакологических свойств и соответствующую область применения. Целью работы стало выяснение 
эффективности монтелукаста как потенциального фригопротекторного и противосудорожного препарата. 
Эксперименты проведены на 73 белых мышах массой 20-22 г на моделях острого общего охлаждения и 
пентилентетразоловых судорог. Фригопротекторные свойства изучали при температуре -18°С, регистрируя 
время жизни. Монтелукаст («Сингуляр», 2 мг/кг), ацетилсалициловую кислоту («Аспирин», 50 мг/кг), 
целекоксиб («Целебрекс», 74 мг/кг), диклофенак натрия («Вольтарен», 14 мг/кг) вводили внутрижелудочно в 
виде суспензии в профилактическом режиме за 30 мин. до холодовой травмы. При изучении проти-
восудорожной активности монтелукаст («Сингуляр», 4 мг/кг) и вальпроат натрия («Депакин», 300 мг/кг) 
вводили внутрижелудочно за 30 мин. до моделирования судорог подкожным введением пентилентетразола 
(90 мг/кг). На протяжении часа регистрировали латентный период судорог, количество судорог на 1 
животное, % мышей с клоническими и тоническими пароксизмами, тяжесть судорог в баллах, про-
должительность судорожного периода, время жизни животных и летальность. На модели острого общего 
охлаждения монтелукаст проявил дозозависимый фригопротекторный ефект, превосходя в дозе 2 мг/кг 
препараты с доказанными фригопротекторными свойствами – ацетилсалициловую кислоту и целекоксиб. На 
модели пентилентетразоловых судорог монтелукаст статистически достоверно снижал в 2,57 раза 
интегральный показатель противосудорожной активности – летальность. Таким образом, в эксперименте 
доказана значительная роль лейкотриенов в патогенезе холодовой травмы и эпилепсии и обоснована 
целесообразность дальнейшего изучения фригопротекторных и антиконвульсантных свойств блокатора 
лейкотриеновых рецепторов монтелукаста как средства адъювантной терапии, особенно при сочетании 
указанных патологий с бронхиальной астмой и аллергическим ринитом. 

 
The combination of various pathologies, such as 

cold trauma (CT) and epilepsy in the title of the 
article, may seem unexpected and even illogical. 
However, they are united by the presence of 
common features of pathogenesis, which may 
become a promising target of pharmacological ef-
fects, namely the activation of pro-inflammatory 
mechanisms. The relevance of CT is emphasized by 
the latest statistical and epidemiological data. In 
particular, in Ukraine only for the period from 
December 12, 2018 to January 8, 2019, 1037 people 
who suffered from hypothermia and frostbite applied 
to health care facilities, 955 people were hospi-
talized [17], and prevention and treatment of CT 
requires improvement. About 1% of the population 
suffers from epilepsy, which is about 70 million 
patients worldwide, a third of whom due to poly-
pharmacoresistance can not achieve remission, 
despite the use of classic antiepileptic drugs [7, 10]. 
Therefore, in the pharmacotherapy of both CT and 
epilepsy, it is advisable to use additional drugs to 
expand the impact on key pathogenetic mechanisms, 
including pro-inflammatory. 

Inflammation as a typical pathological process is 
a common pathogenetic link of many diseases, 
including CT and epilepsy. A special role in this 
process is played by the products of arachidonic acid 
metabolism - prostaglandins and leukotrienes. 

In the case of CT, prostaglandins, namely pro-
staglandin F2α (PGF2α) and thromboxane A2 (TXA2), 
increase platelet aggregation and vasoconstriction, 
leading to the formation of blood clots in the 

vascular bed and the development of ischemia [18]. 
Leukotrienes function as potent chemoattractants, 
increase vascular permeability, which accelerates the 
development of inflammation [18]. Fluid extra-
vasation which naturally occurs under such con-
ditions, is one of the main damaging factors of CT. 
Ice microcrystals formed in the intercellular space at 
low temperatures cause damage to old tissues and 
increase the area of the lesion [19]. However, 
information on the possible effectiveness of inhi-
bitors of the leukotriene link of the arachidonic acid 
cascade in CT, in contrast to numerous data on the 
frigoprotective effect of inhibitors of the cyclo-
oxygenase pathway, is missing. 

The pathogenesis of epilepsy is closely linked to 
the development of neuroinflammation. Patients 
have increased levels of prostaglandins, leukotrienes 
B4 and C4 in the hippocampus and cerebrospinal 
fluid. Cysteinyl leukotriene D4 (a CysLT1 receptor 
agonist) promotes the development of pentylene-
tetrazole-induced seizures (PTZ), and the leuko-
triene receptor blocker montelukast with intrace-
rebral administration reduces this effect. In addition, 
montelukast enhances the anticonvulsant effect of 
phenobarbital and inhibits leukocyte infiltration of 
the brain. There are isolated data on the 
anticonvulsant properties of montelukast in rats at 
doses of 25-100 mg/kg [15, 16], which, however, 
significantly exceed the average therapeutic doses 
per person [11]. 

Given the role of leukotrienes in the pathogenesis 
of CT and epilepsy and the inhibitory effect of 
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montelukast on the relevant inflammatory site, it is 
advisable to study the frigoprotective and anti-
convulsant properties of this blocker of CysLT1-
leukotriene receptors. 

The purpose of the study was to determine the 
effectiveness of montelukast as a means of 
frigoprotective and anticonvulsant action. 

MATERIALS AND METHODS OF RESEARCH 
Frigoprotective properties of montelukast (tablets 

"Singular", "MerckSharp & DohmeCorp", USA) 
were studied in a model of acute general cooling 
(AGC) on 36 white nonlinear mice of both sexes 
weighing 20-22 g. For modeling AGCct the mobility 
of animals and air access, they were placed into 
individual transparent plastic containers which did 
not restrict mobility and access for air, were put into 
a freezer "Nord Inter-300" with a transparent lid at -
18° C. An integral indicator of frigoprotective action 
– lifetime was registered [6]. Acetylsalicylic acid 
(ASA, Aspirin tablets, Bayer, Germany), celecoxib 
(Celebrex tablets, Pfizer tablets, USA) and diclo-
fenac sodium (Voltaren tablets, Novartis tablets, 
Switzerland) were selected as reference drugs, based 
on their frigoprotective activity data [6]. The tablets 
were crushed and suspended with the addition of 
tween-80, administered as an aqueous solution 
through a tube intragastrically (IG) in a volume of 
0.1 ml per 10 g of body weight of the animal in a 
prophylactic mode 30 minutes before CT, as is 
customary in the study of frigoprotective properties 
[2]. Animals were randomly divided into 6 groups: 
Group 1 – control pathology (CP), purified water 
0.1 ml/10 g of body weight i/g+CT (n=6); Group 2 – 
ASA, 50 mg/kg+CT (n=6); Group 3 – celecoxib, 
74 mg/kg+CT (n=6); Group 4 – diclofenac sodium, 
14 mg/kg+CT (n=6); Group 5 – montelukast, 
1 mg/kg; Group 6 – montelukast, 2 mg/kg. Doses of 
montelukast were calculated based on average 
therapeutic human doses using FDA-recommended 
conversion factors [11]. Taking into account the data 
[1], the dose of ASA 50 mg/kg was chosen as one 
that shows a pronounced frigoprotective activity. 
Doses of celecoxib 74 mg/kg and diclofenac sodium 
14 mg/kg are most effective in HT [2]. 

The anticonvulsant activity of montelukast was 
studied in a baseline screening model for seizures 
caused by pentylenetetrazole (PTZ) in 37 adult white 
nonlinear mice of both sexes weighing 20-22 g 
according to guidelines [4, 12]. The classic anti-
convulsant drug sodium valproate (Depakine, 
Sanofi-Aventis, France) at an effective dose of 
300 mg/kg was chosen as a comparison drug [5, 12, 
14]. Animals were randomized into groups: group 1 
(CP) – PTZ-induced seizures without drugs 
(n=12+7, two subgroups were created taking into 

account the chronopharmacological factor, as so-
dium valproate and montelukast were studied on 
different days), purified water 0.1 ml/10g of body 
weight i/g+PTZ; group 2 – animals with model 
convulsions, receiving sodium valproate, 300 mg/kg 
i/g (n=12), group 3 – animals with model con-
vulsions (n=6), which received montelukast at a 
dose of 4 mg/kg i/g within the range of therapeutic 
anti-inflammatory dose [8, 13]. In 30 minutes after 
the studied drugs subcutaneously (s/c) PTZ (Co-
razol, Sigma, USA) was injected in the form of an 
aqueous solution at a dose of 90 mg/kg [5, 12, 14]. 
Each animal was placed in a separate transparent 
container with a volume of 5 liters and monitored 
continuously for 60 minutes. Anticonvulsant activity 
was assessed by the following indicators: latent 
period of convulsions, the number of clonic-tonic 
convulsions per 1 animal, percentage of mice with 
clonic and tonic convulsions, convulsion severity in 
points (1 point – single tremor, 2 points – "arena" 
running, 3 points – clonic convulsions, 4 points – 
clonic-tonic convulsions, 5 points – tonic extension, 
6 points – tonic extension, which led to the death of 
the animal), the duration of the convulsive period, 
the lifespan of animals to death and mortality. If 
there were no convulsions for 1hour, it was 
 considered that the latent period is 60 minutes. [4]. 

Student's T-test in the case of normal distribution 
was used for statistical processing, in his absence – 
Mann-Whitney U-test. The analysis was performed 
using the program Statistica 10.0. (StatSoftInc., 
Serial No. STA999K347156-W). Differences were 
considered statistically significant at p<0.05. When 
obtaining the value of p>0.05, the difference bet-
ween the indicators was considered insignificant [3]. 

The experiments were performed on the basis of 
the Educational and Scientific Training Center for 
Medical and Biological Research of the Educational 
and Scientific Institute of Applied Pharmacy of 
NUPh in compliance with the principles of the 
Helsinki Declaration on Humane Treatment of Ani-
mals (2000) and the Council Directive which are 
used for scientific purposes (2010). 

The work was performed within the framework 
of topics funded by the state budget "Rationale for 
improving the treatment of polypharmacoresistant 
epilepsy through the combined use of classic 
anticonvulsants with other drugs" and "Experimental 
rationale for improving  prevention and treatment of 
cold traumas" (Order of the Ministry of Health of 
Ukraine No. 2651 of 17.11.2020). 

RESULTS AND DISCUSSION 
The results of the study of frigoprotective action are 

shown in Table 1. 
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According to the results of the study (Table 1), 
ASA and celecoxib showed a moderate but sta-
tistically significant (p=0.044 and p=0.048, respec-
tively) positive effect on life expectancy, increasing 
it against the indicator of CP group by 16% and 18% 

on average values and by 26% and 21% on median 
values. Diclofenac sodium showed greater fri-
goprotective activity, significantly (p=0.026) increa-
sing the life expectancy of animals by 31% on 
average and 29% on median value. 

 
T a b l e  1  

Effect of montelukast, acetylsalicylic acid, celecoxib  
and diclofenac sodium on the lifespan of mice with acute cold trauma  

(M±m; M [Q25; Q75]) 

Time, min. Difference with control (%) 

Group of animals, drug 
Dose, 
mg/kg 

M±m M [Q25;Q75] M±m M [Q25;Q75] 

Control pathology – 44.8±2.5 42 [40;52] – – 

ASA 50 52.1±1.6* 53 [49;57]* +16 +26 

Celecoxib 74 52.9±2.2* 51 [50;56]* +18 +21 

Diclofenac sodium 14 58.6±4.8* 54 [51;68]* +31 +29 

1 51.7±2.3 51,5 [46;57] +15 +23 Montelukast 

2 58.7±2.7** 61 [57;62]** +31 +45 

Note. Statistically significant differences with the indicator of the control pathology group: * – p<0.05; ** – p<0.01. 

 
Montelukast showed a dose-dependent frigo-

protective effect. At a dose of 1 mg/kg, this effect 
was in a tendency to increase life expectancy by 
15% on average and by 23% on median value. At a 
dose of 2 mg/kg, high-confidence montelukast 
(p=0.007) increased the life expectancy of animals 
by 31% on average and by 45% on median value 
relative to the CP group. In this effect, montelukast 
at a dose of 2 mg/kg outweighed the known fri-
goprotectors with a proven effect of ASA and 
celecoxib, not inferior to diclofenac sodium at a dose 
of 14 mg/kg. Blockade of CysLT1-leukotriene re-
ceptors is a previously unknown approach to 
increase the body's resistance to cold. 

The results of the study of the anticonvulsant 
activity of sodium valproate are shown in Table 2. 

Sodium valproate at a dose of 300 mg/kg showed 
a typical pronounced anticonvulsant activity: sig-
nificantly relative to the indicators of the CP group, 
it reduced the latent period of paroxysms by 6.05 
times (34.06±7.87 vs. 5.63±0.76, p=0.004), the 
number of clonic-tonic convulsions by 2.4 times per 

mouse (1.42±0.53 vs. 3.42±0.47, p=0.015), the 
percentage of animals with clonic and tonic 
convulsions (50% vs. 100%, p=0.0069 and 33.33% 
vs. 91.67%, p=0.0047), respectively, the severity of 
paroxysms – by 2.8 times (2.00±0.64 points vs. 
5.58±0. 29 points, p=0.0003), the duration of the 
convulsion period – by 1.9 times (5.10±2.24 minutes 
vs. 9.68±1.96 minutes, p=0.045) and mortality – by 
10 times (8.33 vs. 83.33, p=0.0003). 

The results of the effect of montelukast on the 
course of convulsions in mice are shown in Table 3. 

As can be seen from Table 3, montelukast tended 
to reduce the number of clonic-tonic convulsions per 
animal, the proportion of animals with tonic paro-
xysms, and the severity of convulsions. Montelukast 
statistically significantly reduced the integral rate of 
seizure – animal mortality – by 2.57 times (85.71% 
vs. 33.33%, p=0.042) relative to the CP group. 
According to this indicator, it has no statistically 
significant differences from the comparison drug – 
sodium valproate, which ensured the survival of 
8.33% of animals. 
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T a b l e  2  

The effect of sodium valproate on the course of PTZ-induced convulsions in mice (M±m) 

Indicators 
CP (PTZ, 90 mg/kg), 

n=12 

Sodium valproate 
(300 mg/kg) + PTZ (90 mg/kg),  

n=12 

Latent period, min. 5.63±0.76 34.06±7.87** 

The number of clonic-tonic convulsions per 1 mouse 3.42±0.47 1.42±0.53* 

% of mice with convulsions 
clonic  
tonic 

 
100 

91.67 

 
50** 

33.33** 

Severity of convulsions, points 5.58±0.29 2.00±0.64** 

Duration of the convulsion period, min. 9.68±1.96 5.10±2.24* 

Life span of animals before death, min. 15.71±2.70 20.9 

Lethality,% 83.33 8.33** 

Note. Statistically significant differences with the indicators of the control pathology group: * – p<0.05; ** – p<0.01. 

 
In our study of anticonvulsant activity of a single 

montelukast injection a dose of 4 mg/kg was used, 
being a conditionally therapeutic anti-inflammatory 
dose. The anticonvulsant properties of montelukast 
have previously been studied [15, 16] in doses sig-
nificantly higher than ours. In a model of PTZ-
kindling in mice, this drug at a dose of 10 mg/kg 
increased the latent period of convulsions [16]. In 
rats with PTZ-induced convulsions, montelukast had 
an anticonvulsant effect, dose-dependently reducing 
lipid peroxidation and increasing brain superoxide 

dismutase activity at doses of 25-100 mg/kg [15]. 
Expressed in terms of mice using the species 
sensitivity coefficient, these doses correspond to 54-
217 mg/kg – by 13-54 times higher than in our 
study. It is known that chemoinduced convulsion 
models, including PTZ-induced, activate the syn-
thesis of CysLTs [9]. The results of our study 
confirm that leukotrienes play an important role in 
the pathogenesis of convulsive syndrome, and 
blockade of leukotriene receptors is a very effective 
way of anticonvulsant action. 

 
T a b l e  3  

Influence of montelukast on the course of PTZ-induced convulsions in mice (M±m) 

Indicators 
CP 

(PTZ, 90 mg/kg), 
n=7 

Montelukast (4 mg/kg) + PTZ (90 
mg/kg),  

n=6 

Latent period, min. 4.41±0.94 4.87±0.61 

The number of clonic-tonic convulsions per 1 mouse 2.29±0.52 1.83±0.40 

% of mice with convulsions:  
clonic 
tonic 

 
100 

85.71 

 
100 

66.67 

Severity of convulsions, points 5.57±0.43 4.33±0.56 

Duration of the convulsive period, min. 9.66±4.34 6.49±2.90 

Life span of animals before death, min. 15.44±4.50 
 

9.97±3.54 

Lethality 85.71 33.33* 

Note. Statistically significant differences with the group of control pathology: * – p<0.05. 
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Thus, the non-obvious pharmacological pro-
perties of the leukotriene receptor blocker mon-
telukast – frigoprotective and anticonvulsant – have 
been established. They go beyond the well-known 
indications for the use of this drug – bronchial 
asthma and allergic rhinitis. These results justify the 
feasibility of in-depth studies of the mechanisms of 
frigoprotective and anticonvulsant action of mon-
telukast, which may supplement the list of drugs for 
the treatment of CT and adjuvant pharmacotherapy 
of epilepsy, especially in combination with bronchial 
asthma and allergic rhinitis. In particular, it can be 
considered promising to find out the effectiveness of 
montelukast on other models of CT (frostbite), as 
well as on other models of convulsive syndrome, 

including resistant to classical anticonvulsants, and 
in combination with them. 

CONCLUSIONS 
1. The model of acute cold trauma revealed a 

powerful frigoprotective effect of montelukast 
(2 mg/kg), which is not inferior to or superior in this 
property to the known frigoprotectors - non-selective 
and selective COX-2 inhibitors. 

2. In the model of pentylenetetrazole convulsions 
montelukast (4 mg/kg) has a moderate anticonvul-
sant effect. 
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