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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.

Pedepar. HeoueBuannie 3¢gdeKThI 010KaTOPA JICHKOTPHEHOBBIX PELIEITOPOB MOHTEIYKACTA: (pUTrONPOTEKTOPHbIE
H nporusocynopoxkubie cBoiicrBa. IlTpeiroas C.10., Kaneabka U.I'., Mumenko M. B., Mumenko O.51.
Yuacmue npooykmoe memabonuzma apaxuoonogol KUCIOmvl — NPOCMAa2IaHOUHO8 U JIeliKOMPUEHO8 — 6 npoyecce
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60CHANIEHUsL SBTILEMCSL 0OWUM NAMOSEHEMUYEeCKUM 36€HOM XO0L00080U mpaemvl u dnuiencuu. Mowmenykacm xax
OOKAMOp NEUKOMPUCHOBLIX PEYENMOPO8 WUPOKO NPUMEHeMCsL OISl ledeHusi OPOHXUATIbHOU aACmMbl U AIEPeULeCKUX
punumos. OOHaxo mexanusm Oeucmseusi npenapama oaem OCHOBAHUS NPEONONoNCUMb Oolee WUPOKULL CReKmp e2o
Gapmaronocuneckux ceovicme u coomeemcmayiowyio obnacmv npumenenus. Llenvio pabomuvl cmano evisicHeHue
ahhexmusHocmU MOHMENYKACA KAK NOMEHYUATLHO20 (DPULONPOMEKMOPHO20 U NPOMUBOCYOOPOICHO20 NPENnapamd.
Oxcnepumenmol nposedenvt Ha 73 benvix mviwax maccou 20-22 & Ha MoOensix ocmpo2o 00wezco OXAaiCOeHus u
NeHmuIeHmempasonoewix cyoopoe. @puconpomexmopusvie ceolicmea uzyuany npu memnepamype -18°C, pecucmpupys
epemst ocusuu. Monmenykacm («Cuneynapy, 2 me/ke), ayemuncaiuyunogyio kuciomy («Acnupuny, 50 me/ke),
yenexoxcub («Llenebpexcy, 74 me/ke), ouxiogenax nampus («Bonemapeny, 14 me/ke) 6600unu 6HympusicenrydouHo 6
sude cycnensuu 6 npogurakmuueckom pedcume 3a 30 mun. 0o Xxonodosoti mpasmvl. Ilpu uszyuenuu npomu-
60Cy00podicHoll akmuenocmu moumenykacm («Cuneynsipy, 4 me/xe) u eanvnpoam uampust («/Jenaxuny, 300 me/xe)
8600uUnU 8HymMpudiceny0ouro 3a 30 MuH. 00 MOOeNUPOBaHUs CYOOPO2 NOOKONCHHIM B8e0eHUeM NeHmUleHmempaszond
(90 me/xe). Ha npomsscenuu uaca pecucmpuposanu iamenmubli nepuod cyoopoe, Koauuecmeo cyoopoz Ha 1
orcusomuoe, % movluiell ¢ KIOHUYECKUMU U MOHUYECKUMU NAPOKCUSMAMU, MANCECMb CYOopoe 8 Oannax, npo-
Q0IHCUMENLHOCHL CYOOPOICHO20 NEPUOOd, 8PEMSL JHCUZHU HCUBOMHBIX U Temanbrocmy. Ha modenu ocmpozo obwezo
OXNANCOEHUSI MOHMELYKACH RPOSIBUL 00303A6UCUMDBLIL (PPUONpOmexmopHulil epexm, npesocxodsi 6 003e 2 me/ke
npenapamvl ¢ OOKA3AHHLIMU (DPULONPOMEKMOPHBIMU CEOUCMBAMU — AYEMULCATUYUTOBYIO KUCIOmY u yeiekoxcub. Ha
MoOenu NeHMUIEHMEMPA30N08bIX CYOOPO2 MOHMENLYKACH CMAMUCMUYecky 00CmoeepHo cHudican 6 2,57 pasa
UHMeSPANbHbLIL NOKA3AMENb NPOMUBOCYOOPOIUCHOU AKMUBHOCIU — LeMANbHOCHb. Takum o0pazom, 6 sKcnepumenme
00KA3aHA 3HAYUMENbHASL POb JIeUKOMPUEHO8 6 Nnamozenese X0N00060l Mpasmvl U INULENCUU U 000CHOBAHA
YenecooopasHOCmb  OANbHEUUWe20 U3VUEHUsT (DPUSONPOMEKMOPHBIX U AHMUKOHBYTbCAHMHBIX C8OUCME Ol0Kamopa
JIEUKOMPUECHOBLIX DEYENMOPO8 MOHMENLYKACMA KAK CPeocmed adbloGAHMHOU mepanuu, 0COOEHHO Npu CoYemaHuu

YKa3aHHblX namono2utl ¢ 6]?0qu0¢'le012 acmmoti u ajiepeudecKum puHuniom.

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 F,, (PGF,,) and thromboxane A, (TXA,),
increase platelet aggregation and vasoconstriction,
leading to the formation of blood clots in the
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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 areca 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
B, and C4 in the hippocampus and cerebrospinal
fluid. Cysteinyl leukotriene D, (a CysLT; 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 CysLT;-
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); Group5 - 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
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account the chronopharmacological factor, as so-
dium valproate and montelukast were studied on
different days), purified water 0.1 ml/10g of body
weight 1/g+PTZ; group2 — animals with model
convulsions, receiving sodium valproate, 300 mg/kg
i/g (n=12), group3 — 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 lhour, 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. (StatSoftlnc.,
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.

Table 1

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

(M=£m; M [Q:255 Q75])

Time, min. Difference with control (%)
Group of animals, drug nI:g/sl?g
M:+tm M [Q255Q7s] M+m M [Q25Q7s]
Control pathology - 44.8+2.5 42 [40;52] - -
ASA 50 52.1£1.6* 53 [49;57]* +16 +26
Celecoxib 74 52.942.2* 51 [50;56]* +18 +21
Diclofenac sodium 14 58.6+4.8* 54 [51;68]* +31 +29
Montelukast 1 51.7£2.3 51,5 [46;57] +15 +23
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 CysLTl1-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
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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.

Licensed under CC BY 4.0
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Table 2

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

Indicators

CP (PTZ, 90 mg/kg),

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

n=12 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 100 50%*
tonic 91.67 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.

Table 3
Influence of montelukast on the course of PTZ-induced convulsions in mice (M+m)
CP Montelukast (4 mg/kg) + PTZ (90
Indicators (PTZ, 90 mg/kg), mg/kg),
n=7 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 100 100
tonic 85.71 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 0.97+3.54
Lethality 85.71 33.33*

Note. Statistically significant differences with the group of control pathology: * — p<0.05.

21/ Vol. XXVI/ 2
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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.

Conflict of interest. The authors declare no conflict
of interest.

CIIMCOK JIITEPATYPHU

1. Boupapes €. B. BiusHue riroko3aMuHa THAPO-
XJIOpHJA U aleTUICATHIIMIOBOM KHUCIIOTHI HA TIOKA3aTeNn
YIJIEBOMHOTO OOMEHa TPH OCTPOH XOJIOZOBOI TpaBMe Yy
Kpbic. Oymycmix Kazaxcman Memnexemmix Dapmayes-
muxa axademusicol Xabapwwr. 2015. T. 70, Ne 1. C. 22-30.
URL.: http://dspace.nuph.edu.ua/handle/123456789/7275

2. Kamempka I. I'., Iltpurons C. 0. Ckpuninrose
JOCTIKCHHST (DPUTrONPOTEKTOPHUX BIACTHBOCTEH HecTe-
POIHMX TOPOTH3ANAIBHUX MpenapariB  3a TOCTPOro
3araJbHOTO OXOJIOPKEHHS. DapMakonozis ma aikapcoka
moxkcukonoeisn.  2019. T.13, NeS5. C.338-343.
URL: http://dspace.nuph.edu.ua/handle/123456789/21574

3. Jlaar T. A., Cecuk M. Kak OmmcBIBaTh CTaTUCTUKY
B MEIHIMHE: PYKOBOJICTBO il aBTOPOB, PEIAKTOPOB U
perieH3eHTOB / Tiep. ¢ auriL. mof pex. B. I1. JleoHoRa. 2-¢ u3.
Mockaa: [Ipakr. meauimaa, 2016. 480 c.

4. PyKOBOJACTBO 1O MPOBEICHHIO JOKIMHUYECKUX
UCCIICIOBAaHUN JICKapCTBEHHBIX cpenctB. Y. 1 / mox pex.
A. H. MuponoBa u ap. Mocksa: I'pu¢ u K, 2012. 944 c.

5. Tia3zom3aminieHi mOXimHi  2,4-Tia301iIUHIIOHY,
0 BUSBISIIOTH AHTUKOHBYJbCAHTHY[Iro: mar. 137726
VYkpaina: MIIK C07D 277/00, A61K 31/425, A61P
25/08. Ne u 201903066; 3asBn. 28.03.2019; omy0m.
11.11.2019, bron. Ne 21. 6 c.

6. XomomoBa TpaBMa: MOKIiHIYHE BHUBYCHHS IIi-
KapChKHUX TpernapariB 3 (GPUronpoOTEeKTOPHUMH BIACTHBO-
cTsiMH: MeToZ. pekomenmarii / €. B. BonmapeB Ta iH.
H®ay, 2018. 35 c.

7. Bigelow M. D. Neural stimulation systems for the
control of refractory epilepsy: a review. Journal of Neuro
Engineering and Rehabilitation. 2018. Vol. 16, No. 1.
P. 1-17. DOI: https://doi.org/10.1186/s12984-019-0605-x

8. Characterization of cysteinyl leukotriene-related
receptors and their interactions in a mouse model of
asthma / H. K. Trinh et al. Prostaglandins, Leukotrienes
and Essential Fatty Acids. 2019. Vol. 141. P. 17-23.
DOI: https://doi.org/10.1016/j.plefa.2018.12.002

9. Cysteinyl leukotriene receptor (CysLT) anta-
gonists decrease pentylenetetrazol-induced seizures and

24

blood-brain barrier dysfunction / Q.F.Lenz etal.
Neuroscience. 2014. Vol. 277. P. 859-871.
DOI: https://doi.org/10.1016/j.neuroscience.2014.07.058

10. Epidemiological profile of epilepsy in low income
populations / C. A. Espinosa Jovel et al. Seizure. 2018.
Vol. 56. P. 67-72.
DOI: https://doi.org/10.1016/j.seizure.2018.02.002

11. Guidance for Industry Estimating the Ma-
ximum Safe Starting Dose in Initial Clinical Trials for
Therapeutics in  Adult Healthy  Volunteers.
URL: https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/estimating-maximum-safe-
starting-dose-initial-clinical-trials-therapeutics-adult-
healthy-volunteers.html

12. Hock F.J. Drug Discovery and Evaluation:
Pharmacological Assays / Ed. F. J. Hock. Springer Inter-
national Publishing. 2016. 4314 p.
DOIL: https://doi.org/10.1007/978-3-319-05392-9

13. LTB4 and montelukast in transplantation-related
bronchiolitis obliterans in rats / Z.-L. Tu et al. Journal of

Cardiothoracic ~ Surgery.  2017. Vol. 12, No. 1.
DOI: https://doi.org/10.1186/5s13019-017-0605-5
14. Mishchenko M., Shtrygol S., Kaminskyy D.,

Lesyk R. Thiazole-Bearing 4-Thiazolidinones as New-
AnticonvulsantAgents. Sci. Pharm. 2020. Vol. 88,
No. 1. P. 16.
DOI: https://doi.org/10.3390/scipharm88010016

15. Montelukast Inhibits Pentylenetetrazol-Induced
Seizures in Rats / B. Cevik et al. Medical Science
Monitor. 2015. Vol. 21. P. 869-874.
DOI: https://doi.org/10.12659/MSM.892932

16. Montelukast reduces seizures in pentylenetet-
razol-kindled mice / J. Fleck et al. Brazilian Journal of
Medical and Biological Research. 2016. Vol. 49, No. 4.
P. 1-7. DOI: https://doi.org/10.1590/1414-431X20155031

17. Moz.gov.ua. SIk YHHKHYTH TIEPEOXOJIOKCHHS: Ha-
ragyeMo OCHOBHI TIpaBWiIa TMOBeNiHKH y Xojox. 2019.
URL: https://moz.gov.ua/article/news/jak-uniknuti-pereoho-
lodzhennja-nagaduemo-osnovni-pravila-povedinki-u-holod

Licensed under CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

18. The Role of Leukotrienes Inhibitors in the Manage-
ment of Chronic Inflammatory Diseases / D. Meshram et al.
Recent Pat Inflam. Al. Drug Disc. 2020.Vol.14, No.1. P.15-31.
DOIT: https://doi.org/10.2174/1872213X14666200130095040

19. Wilderness Medical Society Clinical Practice
Guidelines for the Prevention and Treatment of Frostbite:

2019 Update / S. Mclntosh et al. Wilderness & Envi-
ronmental Medicine. 2019. Vol. 4S, No. 30. P. 19-32.
DOI: https://doi.org/10.1016/j.wem.2019.05.002

REFERENCES

1. Bondaryev YeV. [Effect of glucosamine hydro-
chloride and acetylsalicylic acid on carbohydrate
metabolism in acute cold injury]. Republican Scientific
Journal “Vestnik”. 2015;1(70):22-27. Russian. Available
from: http://dspace.nuph.edu.ua/handle/123456789/7275

2. Kapelka IG, Strygol SYu. [The comparative re-
search of frigoprotective properties of nonsteroidal anti-
inflammatory drugs on the model of acute general
cooling]. Farmakologiya ta likarska toksikologiya.
2019;13(5):338-43.  Ukrainian.  Available  from:
http://dspace.nuph.edu.ua/handle/123456789/21574

3. Lang TA. [How to describe statistics in medicine.
Guide for authors, editors and reviewers]. 2nd ed. editor
Leonova VP, Moskva: Prakticheskaya meditsina; 2016.
p. 480. Russian.

4. Mironov AN, Bunyatyan ND, Vasileva AN., edi-
tors. [Guidelines for conducting pre-clinical trials of
medicines. Part one]. Moskva: Grif and K.; 2012, p. 944.
Russian.

5. Mishchenko MV, Strygol SYu, Lesyk RB, Ka-
minskyy DV., inventors. National University of Phar-
macy, assignee. [Thiazole substituted 2,4-thiazolidi-
nedione derivatives reveal anticonvulsant activity].
Ukrainian patent UA 137726. 2019 Nov 11. Ukrainian.

6. Bondaryev YeV., et al. [Pleclinical sudy of drugs
with frigiprotective properties: guidlines]. Kharkiv: Nuph.
2018. Ukrainian.

7. Bigelow MD, Kouzani AZ. Neural stimulation sys-
tems for the control of refractory epilepsy: a review. Journal
of Neuro Engineering and Rehabilitation. 2018;16(1):1-17.
doi: https://doi.org/10.1186/s12984-019-0605-x

8. Trinh HKT, SuhD-H, Nguyen TVT, Choi,
Park H-S, Shin YS. Characterization of cysteinyl leuko-
triene-related receptors and their interactions in a mouse
model of asthma. Prostaglandins, Leukotrienes and
Essential Fatty Acids. 2019;141:17-23.
doi: https://doi.org/10.1016/j.plefa.2018.12.002

9. Lenz QF, Arroyo DS, Temp FR, Poersch AB,
Masson CJ, Jesse AC., et al. Cysteinyl leukotriene recep-
tor (CysLT) antagonists decrease pentylenetetrazol-
induced seizures and blood-brain barrier dysfunction.
Neuroscience. 2014;277:859-71.
doi: https://doi.org/10.1016/j.neuroscience.2014.07.058

10. Espinosa Jovel CA, Angel Aledo-Serrano, Rafael
Toledano, Antonio Gil-Nagel, Irene Garcia-Morales. Epi-
demiological profile of epilepsy in low income populations.
Seizure. 2018;56:67-72.
doi: https://doi.org/10.1016/j.seizure.2018.02.002

21/ Vol. XXVI/ 2

11. Guidance for Industry Estimating the Maximum
Safe Starting Dose in Initial Clinical Trials for Thera-
peutics in Adult Healthy Volunteers. [Internet].
URL: https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/estimating-maximum-safe-
starting-dose-initial-clinical-trials-therapeutics-adult-
healthy-volunteers.html.

12. Hock FJ. Drug Discovery and Evaluation: Phar-
macological Assays. Editor FJ Hock. Springer Interna-
tional Publishing; 2016. p. 4314.
doi: https://doi.org/10.1007/978-3-319-05392-9

13. TuZ-L, ZhouZ-Y, XuH-C, CaolJ-L, YeP,
Wang L-M. LTB4 and montelukast in transplantation-
related bronchiolitis obliterans in rats. Journal of
Cardiothoracic Surgery. 2017;12(1).
doi: https://doi.org/10.1186/s13019-017-0605-5

14. Mishchenko M, Shtrygol S, Kaminskyy D, Le-
syk R. Thiazole-Bearing 4-Thiazolidinones as New Anti-
convulsant  Agents. Sci. Pharm. 2020;88(1):16.
doi: https://doi.org/10.3390/scipharm88010016

15. Cevik B, Solmaz V, Aksoy D, Erbas O. Monte-
lukast Inhibits Pentylenetetrazol-Induced Seizures in Rats.
Medical Science Monitor [Internet]. 2015(21):869-874.
doi: https://doi.org/10.12659/MSM.892932

16. Fleck J, Temp F, Marafiga J, Jesse A, Milanesi L,
Rambo L. Montelukast reduces seizures in pentylene-
tetrazol-kindled mice. Brazilian Journal of Medical and
Biological Research [Internet]. 2016; 4(49):1-7.
doi: https://doi.org/10.1590/1414-431X20155031

17. [How to avoid hypothermia: recall the basic rules
of behavior in the cold]. [Internet]; 2019. Ukrainian.
Available from: https://moz.gov.ua/article/news/jak-unik-
nuti-pereoholodzhennja-nagaduemo-osnovni-pravila-
povedinki-u-holod

18. Meshram D, Bhardwaj K, Rathod C, Mahady GB,
Soni KK. The Role of Leukotrienes Inhibitors in the
Management of Chronic Inflammatory Diseases. Recent
Pat Inflamm Allergy Drug Discov. 2020;14(1):15-31.
doi: https://doi.org/10.2174/1872213X14666200130095040

19. Mclntosh S, Freer L, Grissom C, Auerbach P,
Rodway G, Cochran A. Wilderness Medical Society Cli-
nical Practice Guidelines for the Prevention and Treat-
ment of Frostbite: 2019 Update. Wilderness & Envi-
ronmental Medicine [Internet]. 20194S(30):19-32.
doi: https://doi.org/10.1016/j.wem.2019.05.002

The article was received
2020.05.29

25



