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U3yyeHue apPpeKToB aHTaroHUcToB MeTaboTponHbix e
rnyTaMaTHbIX peLenTopoB Ha MOJE/IM MaKCMMaNbHOIo
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Llene. W3yd4eHue BAMAHMA aHTArOHUCTOB MeTaboTponHbIX rnyTamatHelx (mGlu) peuenTopoB Ha pasBuTHe
CYLBOPOXKHOr0 MpYnaaKa, 06ycnoBneHHOro BO3LeWCTBMEM MaKcMManbHOro anekTpolloka (M3LL), a Takke cogepanue
MPOJYKTOB NepekncHoro okucnenunsa aunugos (M0J1) B Mo3re Kpbic.

Mamepuansl u Memodbl. 3KcnepuMMeHTbl ObIMM NPoBefeHbl Ha Kpbicax-caMuax nuHuM Buctap (n = 87) maccou
180-210 r. B pabote wucnonb3oBanu Metoguky M3LU. CenektvBHble aHTaroHuctsl mGlu peuentopoB 1-ro u 5-ro
noaTvnos BBoAMAM 3a 1 yac go npouenypbl M3LLU. KpbicaM KoHTPONbHOM Fpynmnbl BBOAUAW IKBUBANIEHTHOE KONMYECTBO
dusmonornyeckoro pacteopa. WMHTeHcuBHocTb npoueccoB [10J1 oueHMBanM Mo YpOBHIO BTOPUYHBLIX MPOOYKTOB,
pearupyioLmx ¢ TMob6apbuTypoBOIA KUCNIOTOM, UCMOMb3YA CNEKTPOGOTOMETPUYECKMIA METOA,.

Pe3ynemamel. YcTaHoBneHo, 4To npoBefeHne npouepypsl M3LU npyvBognno K pasBUTUIO BbIparKEHHBIX KNOHUKO-
TOHWYECKMX CYLOPOKHBIX NPUNAZKOB M bonee YeM TpexKkpaTHOMY yBenuyeHuio ypoBHA npogykTos [10J1 B Kope Mo3ra
Kpblc. 0BHapY*KeHO, YTO CENIEKTMBHDINA aHTaroHUcT mGlu 5-ro noATMNa peLenTopoB NPaKTUYECKM NOTHOCTbIO KYNpoBan
TOHWYecKylo $a3y CYQopor KpbiC, @ TakKe B 3HA4YMTeNbHOW CTEMeHW MpefoTBpallan MHTEHCUMKALMIO MpoLeccos
M0J1, Bbi3BaHHyt0 M3LL. ToHMueckue cymoporu Habniopanuch y 44% sKcnepuMEHTaNbHbIX *UBOTHbIX MOCTE BBEOEHMS
CeNEKTUBHOr0 aHTaroHucTa peuentopa mGlu 1-ro noatvna. lpy 3TOM, 3TOT @HTArOHWUCT TaKXKe YaCTUYHO YMeHbLUan
conepaHue npoaykToB 0J1, obycnoneHHoe Bo3aencTemeM M3LLL

3akoyeHue. TakuM 06pa3oM, rinyTaMaTHble peLenTopbl MeTaboTpoNHOro TMNA BOBJIEYEHbI B MEXAHWU3MbI Pa3BUTUA
CYLOPOXHBIX MPUNagKoB, Bbi3BaHHbIX Bo3dencTeueM M3LL y Kpbic. Tpy 3ToM, Hambonee BbiparkeHHoe ocnabneHue
KOHBYNIbCUBHbIX NPOAB/EHNI, @ TaKKe NpefoTBpaLLeHne noBbileHWA ypoBHA npogyKkTos [10]1, BbI3BaHHOr0 NpoLeaypoit
M3LU, Habniopanock npu 6nokage mGlu peuentopoB 5-ro nogTuna. MonyyeHHble faHHbIe NOATBEPHKAAIOT BO3MOKHOCTb
MCNO/b30BaHWA aHTarOHUCTOB METaboTPOMHbLIX PeLenTopoB 5-ro MOATMNA Kak MOTEHLMaNbHbIX aHTUKOHBYNbCAHTOB
LA NIeYEeHUA 3MUNENCUM C FeHepanv30BaHHbIMU CYAOPOKHBIMM NpUNagKamMu.
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Effects of metabotropic glutamate receptor
antagonists on a rat model of maximum electroshock

Valentina G. Bashkatova', Sergey K. Sudakov'

'P.K. Anokhin Scientific Research Institute of Normal Physiology, Moscow, Russia

AIM: This study aimed to investigate the effect of metabotropic glutamate (mGlu) receptor antagonists on the de-
velopment of seizure caused by maximum electric shock (MES) and the content of lipid peroxidation (LPO) products in
the brain of rats.

MATERIALS AND METHODS: Experiments were carried out on male Wistar rats (n = 87) with a mass of 180-210 g. In
this work, MES was administered. Selective antagonists of | and V subtype mGlu receptors were administered 1 h before
MES was administered. Control rats were injected an equivalent amount of saline. The intensity of LPO processes was
assessed in terms of the level of secondary products reacting with thiobarbituric acid via a spectrophotometric method.

RESULTS: MES led to the development of pronounced clonic—tonic seizures and increased the level of LPO products
in the cerebral cortex of rats by more than threefold. A selective antagonist of subtype V mGlu receptors almost com-
pletely stopped the tonic phase of rat seizures and largely prevented the intensification of LPO processes caused by MES.
Tonic convulsions were observed in 44% of the experimental animals after the administration of a selective subtype |
mGlu receptor antagonist. This antagonist also partially reduced the content of LPO products caused by the effect of MES.

CONCLUSION: Thus, mGlu receptors are involved in the development of MES-induced seizures in rats. The most
pronounced weakening of convulsive manifestations and the prevention of an increase in the level of LPO products
caused by MES were observed in the block of subtype V mGlu receptors. The obtained data confirmed the possibility of
using subtype V metabotropic receptor antagonists as anticonvulsants for the treatment of epilepsy with generalized
convulsive seizures.
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OPATHATIBHBIE NCCTIEAOBAHNA

Epilepsy and seizure disorders are among the
most common and severe diseases of the central
nervous system (CNS). According to the WHO, more than
50 million patients with epilepsy are registered
worldwide [1]. Insufficient efficacy of existing anticonvulsant
drugs, which also have numerous side effects, makes
a detailed study of the pathogenetic mechanisms of the
disease urgently [2,3].

To date, excitatory neurotransmitter amino acids
aspartate and glutamate undoubtedly participate in the
mechanisms of the onset and development of epilepsy
and convulsive states [4]. Thus, a study showed that
in model epilepsy of various natures, agonists of
glutamate ionotropic receptors are convulsants,
whereas antagonists are anticonvulsants [5]. In the
recent decades, studies aimed at elucidating the role of
metabotropic glutamate (mGlu) receptors in neurotoxic
brain damage, including convulsive states, have acquired
particular relevance [6,7]. Moreover, mGlu receptors act
presynaptically and can contribute to long-term changes
in synaptic function [4]. Many studies have revealed the
anticonvulsant effect of mGlu receptor modulators in
experimental convulsive conditions caused by administration
of various convulsive agents [7,8].

However, to the best of our knowledge, we could
find only a few studies that have investigated the
effects of mGlu receptors of various subtypes in seizure
models caused by maximum electroshock (MES) [9,10].
MES-induced seizures are commonly regarded as one
of the most adequate experimental models of epilepsy.
Since no experimental model has absolutely adequately
reflected the pathogenesis and development of epilepsy
observed in a clinic, the generally accepted approach is
the use of seizure models of different genesis. The MES
model is also widely used for screening new substances
with potential seizure activity [11]. Substances such as
phenytoin and phenobarbital exhibited high anticonvulsant
activity in this test [11]. These drugs have the ability
to selectively prevent the phase of tonic extension of a
seizure that occurs in response to supermaximal electrical
stimulation with 6 times threshold current, which is 150
mA for rats with a stimulation duration of 0.2 s [11].
lonotropic receptor antagonists (disocilpine, NBQX,
LY293558) also provided significant protection against
the tonic phase of seizure in the MES model [12]. However,
the use of all these substances was accompanied by a
number of negative side effects [7].

The connection between the neurotransmitter
function of glutamate and the activation of free radical
processes served as the basis for a detailed study of the
possible role of these processes in the pathophysiological
mechanisms of conditions such as convulsive disorders
and cerebral ischemia [13,14]. Previous studies have found
that modulation of not only N-methyl-D-aspartate, but
also of mGlu receptors, is accompanied by pronounced
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oxidative stress, including intensification of lipid
peroxidation (LPO) processes in the brain of experimental
animals [15]. However, the possible interrelation of
mGlu receptors and LPO processes in the mechanisms
of seizure states caused by the effect of MES remains
practically unstudied.

This study aimed to examine the effect of mGlu
receptor antagonists on the development of seizure induced
by MES exposure as well as on the content of LPO products
in the rat brain.

MATERIALS AND METHODS

Experiments were carried out on Wistar male rats
weighing 180-210 g. Experiments were performed in
accordance with the requirements of the “Rules for carrying
out work using experimental animals” and approved at
a meeting of the ethical commission of P.K. Anokhin
Scientific Research Institute of Normal Physiology (Protocol
No 1 dated September 03, 2005). The study also met the
requirements of the World Society for the Protection of
Animals and the European Convention for the Protection
of Experimental Animals. Animals were kept in cages,
with four rats each, and provided free access to water
and standard combined feed. To avoid the influence of
daily rhythms on the behavioral parameters of animals,
all experiments were carried out between 9 and 14 h at a
laboratory room temperature of 22°C + 10°C.

The MES technique (current strength 150 maA,
duration of electric stimulation 0.25 s) was used [9].
The following parameters of a seizure were recorded:
appearance of clonic seizures and a complete tonic
extension seizure with rigidity of the hind limbs (tonic
extension phase).

The following mGlu receptor modulators were
used in the study: a selective antagonist of subtype V
mGlu receptors (mGlud) - 6-methyl-2-(phenylethyl)
pyridine hydrochloride (MPEP; Merz, Germany) and a
selective antagonist of subtype | mGlu receptors (mGlu1)
(R)-N-cycloheptyl-6—({[(tetrahydro-2-furyl) methyl] amino}
methyl) thieno [2,3-d] pyrimidin-4-ylamine (YM-230888;
R&D system Tocris, Minneapolis, MN, USA). mGlu receptor
modulators and saline were administered to rats once
intraperitoneally (i/p) 1 h before the MES procedure.
Animals that were not exposed to MES received
single injections of the test substances (i/p) 1 h before
decapitation.

The animals were divided into six experimental
groups:

group 1 (control, n = 12) - rats which were injected
only saline (MEDPRO, Russia) at 1 ml per 200 g of animal's
weight

group 2 (n = 15) — rats were injected saline 1 h before
the MES procedure
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group 3 (n = 14) — rats received only a selective
antagonist of mGlu5 receptors MPEP at a dose of 20 mg/kg

group 4 (n = 14) — rats were injected a selective
antagonist of mGlul receptor YM-230888 at a dose of
30 mg/kg

group 5 (n = 16) — rats were injected MPEP (20 mg/kg)
1 h before MES exposure

group 6 (n = 16) — rats were injected YM-230888
(30 mg/kg) 1 h before MES exposure

YM-230888 was dispersed with 0.1 ml of 10%
polysorbate tween 80 (Pan Reac Appli Chem, Darmstadt,
Germany), and the required volume was reached with
addition of saline. MTEP was dissolved in saline. Doses
of drugs were selected based on literature data and results
of our previous studies [16,17].

To determine the content of secondary LPO
products in the brain tissue, animals were decapitated
under mild ether anesthesia 1 h after administration
of the test substances in groups that were not exposed
to MES (groups 1, 2, and 3) or at the height of the
development of an MES-induced seizure (groups 4, 5, and
6). After decapitation, the brain was removed and placed
on ice, and the frontal cortex was rapidly isolated.
Tissue samples for subsequent biochemical studies
were stored in liquid nitrogen. The intensity of LPO
processes was assessed by the level of products
reacting with thiobarbituric acid (TBA) using the generally
accepted spectrophotometric method [18]. Ten-fold
of the amount of the cooled saline was added to the
weighed brain tissue sample, after which the obtained
substance was homogenized in a glass Teflon homogenizer
(0.2 mm) at a pestle rotation speed of 3000 rpm.
From the resulting suspension, 200 pl of the homogenate
was taken and placed in a test tube with a friction-fitted
lid. The control sample contained 200 pl of saline. To each
sample, 0.2 ml of 45% sodium dodecyl sulfate solution
(Merck, Germany), 1.5 ml of 20% acetic acid (Neva
Reaktiv, Russia), and 8% TBA solution (Sigma-Aldrich,
Steinheim, Germany) were successively added, and
distilled water was added so that the volume of each
sample was 4 ml. The mixture was incubated in water
bath at 95°C for 60 min, after which the samples were
cooled and centrifuged for 10 min at 4000 g in Armed
CH90-1S centrifuge. The optical density of the obtained
samples was determined on Aminco DW 2000
spectrophotometer (USA) at 532-nm wavelength. The
absorbance of the samples was interpolated to the
standard concentration curves of TBA-reacting products
(TBARP, products reacting with 2-TBA, nmol/g of tissue).

The results were processed using the Statistica
10.0 software packages (Stat Soft Inc., USA), Excel
(Microsoft Office 2019, USA), and Bio-Plex Manager
software (version 4.1). Data obtained were expressed
as mean + standard error of the mean. Because group
data samples did not follow a normal distribution,
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for comparative statistical analysis, the nonparametric
Mann-Whitney U-test was wused for independent
groups. Values p < 0.05 were considered significant.

RESULTS AND DISCUSSION

In this study, we found that the MES procedure
(current strength, 150 mA; duration of electrical
stimulation, 0.2 sec) led to the development of pronounced
convulsive clonic—tonic seizures in 100% of animals,
and 93% of the rats had a phase of tonic extension
of the hind limbs. Administration of mGlu receptor
antagonists MPEP (20 mg/kg, i/p) or YM-230888 (30 mg/kg,
i/p) without MES effect practically did not show convulsive
manifestations in rats (Table 1). A selective antagonist
of mGlu5 receptors MPEP at a dose of 20 mg/kg
administered 1 h before the MES procedure almost
completely stopped the tonic phase of seizures. Thus, when
exposed to MES, the phase of tonic extension was registered
only in 12% of the animals of this group, compared
with 93% of rats receiving saline (p < 0.01, Table 1). MPEP
given at the indicated dose before the MES procedure
also led to a pronounced reduction of the number of
animals in which clonic seizures were noted (p < 0.05,
Table 1). On the MES model with the introduction of a
selective mGlu1 receptor antagonist YM-230888 at a dose
of 30 mg/kg, tonic convulsions were observed in 44% of
experimental animals versus 93% in animals that were
injected with saline (p < 0.05, Table 1). With this, inhibition
of mGlul receptors also led to a reliable reduction of
the number of animals in which a clonic component of a
convulsive seizure was noted (p < 0.05, Table 1).

When the intensity of free radical processes
was assessed, the MES procedure was accompanied by
a more than threefold increase in the concentration of
LPO products in the cerebral cortex of rats than that
in the control group of animals (195 + 19 nmol/g and
63 + 11 nmol/g, respectively, p < 0.001). Administration of
mGlu receptor antagonists (MPEP, 20 p/kg and YM-230888,
10 mg/kg) in the group without MES did not cause significant
changes in the level of TBARP in the cerebral cortex of
rats compared with that in the control group. Administration
of MPEP 1 h before the seizure agent significantly,
but not completely, prevented the increase in the content
of LPO products caused by MES (Figure 1, p < 0.01).
The selective antagonist of mGlul receptors YM-230888
also partially reduced the intensification of LPO processes
caused by the effect of MES (Figure 1, p < 0.05).

The results of the experiments established that
mGluR1 and mGluR5 are involved in the mechanisms
of seizures caused by the MES procedure. Currently,
the development of epilepsy and seizure disorders
is undoubtedly based on an imbalance between
excitatory and inhibitory neurotransmissions [4].
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Table 1. Effect of Metabotropic Glutamate Receptor Antagonists on the Development of Seizures in Wistar Rats Induced by maximum

electroshock

Clonic seizures Tonic convulsions

Animal groups Group number Total, n n % n %

Control 0.9% NaCl 1 12 0 0 0 0

0.9% NaCl + maximum electroshock 2 15 15%** 100 14** 93

MPEP 20 mg/kg 3 14 0 0 0 0

YM-230888 30 mg/kg 4 14 1 7 0 0

MPEP 20 mg/kg + maximum 5 16 AL 25 2+ 12
electroshock

YM-230888 30 mg/kg + maximum 6 16 10%## 63 7+# A
electroshock

Notes: n, number of animals in the group; * difference in comparison with the control group (*p < 0.05, ** p <0.01, *** p < 0.001); # differ-
ence compared with the MES group (#p < 0.05, ##p < 0.01, *** ### p < 0.001)

to date, several drugs have been introduced in the
clinical practice for the treatment of convulsive
conditions that affect the inhibitory (GABA-ergic)
neurotransmitter system [19]. In addition, attempts
to create anticonvulsant drugs with the action aimed
directly at modulating the activity of glutamate
receptors were found to be ineffective [5]. This is strange,
but one possible explanation is the fact that earlier
development of anticonvulsants was aimed at the
synthesis of molecules that block ionotropic glutamate
receptors. These receptors provide rapid excitatory
synaptic transmission in the CNS, but have a number of
serious side effects [6]. The solution to the challenges on
the clinical application of ligands of glutamate receptors

L)

&
a

Content of TBARE, nmol/g of tissue
5 g

0 =
0,9% NaCl
+ MES

lies apparently, in the use of modulators of non-ionotropic
glutamate receptors [6]. Thus, antagonists of mGlul
and mGlu5 receptors were found to weaken the
excitatory effect of glutamate by functional modulation of
the N-methyl-D-aspartate subtype of glutamate receptors
in a model of ethanol-induced seizures [7]. In our earlier
experiments, we found [16] that blockage of mGlul
receptors completely prevented both the development
of audiogenic seizures and the intensification of LPO
processes in the brain of DBA/2 mice in response to sound
stimulation, while activation of these receptors caused
an increase in the intensity of seizure manifestations and
enhanced formation of LPO products in the brain of mice
with genetically determined epilepsy [16]. Analysis of the

0,9% NaCl MPEP 20mrir YM-2308RR MPEP 20mrsr YM-230888

30mr/ET
+MES

30mMr/ET +MES

Fig. 1. Effect of metabotropic glutamate receptor antagonists on the content of lipid peroxidation products in the cerebral cortex of

rats in the maximum electroshock model.

Notes: * compared with the control group, # compared with the maximum electroshock group (* and # p < 0.05; ** and ## p < 0.01).
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However, possible relationship between LPO processes,
and modulation of mGlu receptors on a MES-induced
seizure model found that the MPEP mGlu5 receptor
antagonist almost completely suppressed the development
of tonic extension and, to a large extent, prevented the
intensification of LPO processes. The mGlul receptor
antagonist YM-230888 under the conditions of this model
also, albeit to a lesser extent, prevented the development
of tonic seizures as well as increased the production of
LPO products in the rat cerebral cortex. The results indicate
the inhibitory effect of mGlu receptor antagonists on the
intensification of LPO processes in the brain of rats. A study
presented on the anticonvulsant activity of drugs with an
antioxidant mechanism of action, such as Mexidol [20] and
melatonin [14]. Based on our results and literature data, we
can assume that a decrease in the activity of LPO processes
is a necessary link in the mechanisms of action of drugs with
anticonvulsant activity.

CONCLUSION

Thus, mGlu receptors (mGluR1 and mGluRb)
are involved in the mechanisms of the development of
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seizures in rats caused by maximum electroshock. In
addition, the most pronounced weakening of convulsive
manifestations in the maximum electroshock model
was observed with blocking of mGlu5 receptors,
whereas inhibition of mGlul receptors was less
effective. Moreover, administration of antagonists of
mGlu5 and mGlu1 receptors partially prevented increase
in the level of lipid peroxidation products caused by the
effect of maximum electroshock on the cerebral cortex
of rats.

Data obtained confirm the possibility of using
subtype V metabotropic receptor antagonists as
potential antiepileptic drugs in generalized convulsive
seizures.
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