(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 12 (369) Jlekadps 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The audiogenic seizure (AGS) model is one of several experimental
models used to study epilepsy and identify underlying mechanisms.
Dopamine plays an important role in epileptogenesis and dopaminergic
neurons of ventral tegmental area (VTA) have extensive connections
with many brain structures. Despite of this there are no data on the
influence of this structure on the audiogenic seizure responses of the
brain. The main aim of our study was to investigate the influence of the
VTA on the development of audiogenic seizure reactions in genetically
epilepsy-prone rats. The novelty of these article lies not only in the
observation of changes in the development/course of audiogenic
seizure reactions caused by stimulation of the VTA, but also in taking
into account the localization of the epileptogenic focus, which, in our
opinion, is especially important for the scientific analysis of this type of
research. The inferior and superior colliculus has prominent descending
projections to several areas of the reticular formation, which may sub
serve the direct AGS efferent pathway. The experiments conducted
showed that in response to stimulation of the VTA, the latency and
duration of the first wild run do not undergo significant changes. The
experiments showed a significant increase in the duration of the pause
between the first and second wild runs and a significant decrease in the
duration of the second wild run. Furthermore, we observed a significant
decrease in behavioral seizure activity after the second wild run,
leading to its complete disappearance. Structures receiving synaptic
inputs from the ventral tegmental area deserve special attention. One
such structure is the reticular nucleus of the thalamus (TRN). It has
been shown that stimulation of TRN causes inhibition of neurons
in those brainstem structures that are involved in motor reactions
of the spinal cord. Therefore, it can be hypothesized that the TRN
modulate the brainstem regions responsible for motor responses during
audiogenic seizures. From our results we can conclude: The VTA plays
an important role in epileptogenesis, which is apparently associated
with the inhibitory effect of dopamine on the motor manifestations of
seizures. Therefore, VTA as a brain dopaminergic nucleus, may be a
suitable target for DBS anticonvulsant action.

Key words. Audiogenic seizures, VTA, dopamine, rats.

Introduction.

Deep brain stimulation (DBS), applying electrical stimulation to
deep brain structures, has now provided an effective therapeutic option
for treatment of various neurological disorders [1]. However, the
mechanism underlying the beneficial effects of DBS remains poorly
understood and is still under debate: Does DBS inhibit or excite local
neuronal elements? [2]. Although the exact mechanisms of action of
DBS are still elusive in spite of extensive research, several theories
have been put forward. These proposed mechanisms can be divided
according to the latency of onset of the effects from the time of
stimulation into acute (seconds to hours) and chronic (days to months).
Electrophysiological and neurotransmitter modulation likely explain
the acute effects whereas plasticity and neurogenesis may explain the
chronic effects [3].

Stimulation of many deep brain structures were tested as influences
potentially capable of blocking seizure attacks in humans and
experimentally evoked epileptiform discharges in animals.

The audiogenic seizure (AGS) model is one of several experimental
models [4,5] used to study epilepsy and identify underlying
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mechanisms. AGS animal subjects can display generalized clonic or
tonic-clonic seizure activity (formerly known as grand mal seizures) in
response to intense sound stimulation [6].

The progression of audiogenic seizures is strain-specific and can
be divided into several phases: wild running, clonus, and tonus.
AGS-susceptible subjects will also display characteristic post-ictal
behaviors. The initiation and propagation of AGS activity relies upon
hyperexcitability in the auditory system, particularly the inferior
colliculus (IC) where bilateral lesions abolish AGS [4,7].

Another important modulatory structure in the AGS network is
the superior colliculus (SC). The role of SC in AGS progression is
supported by incomplete attenuation of AGS by midcollicular knife
cuts [8] or SC lesions [9]. There are direct descending projections from
the SC and CI to the pontine reticular formation and pontomedullary
reticular formation and to the medullary parvicellular reticular
formation, i.e. to those areas of the brainstem that are involved in the
implementation of the animal’s behavioral convulsive reactions [10].
The inferior/superior colliculus and the reticular formation motor areas
have a crucial importance in audiogenic seizure development. During
audiogenic seizure reactions epileptogenic locus appears to be in the
brain stem [7,8].

Dopamine plays an important role in epileptogenesis [11-17] and
dopaminergic neurons of ventral tegmental area have extensive
connections with many brain structures [18-23]. Despite of this there
are no data on the influence of this structure on the audiogenic seizure
responses of the brain.

The main aim of our study was to investigate the influence of the
ventral tegmental area on the development of audiogenic seizure
reactions in genetically epilepsy-prone rats. At the same time, we'll
use genetically epilepsy-prone rats of Krushinski-Molodkina (KM)
line which develop behavioral seizure reactions to a sound stimulus [5].

The novelty of these article lies not only in the observation of changes
in the development/course of audiogenic seizure reactions caused by
stimulation of the VTA, but also in taking into account the localization
of the epileptogenic focus (brainstem), which, in our opinion, is
especially important for the scientific analysis of this type of research.
There is no doubt that when conducting such research, it is necessary to
take into account the type of epilepsy, the localization of the epileptic
focus, etc. Often this approach is not given due attention.

Methods.

Animals:

The male epilepsy-prone of KM line male rats with a body weight
of 200-250 g will be used in experiments. Housing of, surgical
manipulations with, and euthanasia of the animals were carried out
in accordance with the rules and standards accepted by the scientific
community of the European Union, legislation of Georgia, and
the Committee on the care and use of animals in the Center of Life
Sciences of Georgia (20.11.2019). Instructions of the administration of
the National Institutes of Health (Bethesda, USA) on the care and use
of laboratory animals (NIH Publication No. 88-2959) were also taken
into account [24].

Surgery:

The animals (n = 12) were anesthetized by sodium pentobarbital
(40 mg/kg, i.p.). Bipolar stimulating electrodes (stainless steel) were
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stereotaxically [25] implanted in the VTA - P — (-5), L — (1), H — (8).
The experiments were conducted at least 12 - 14 days after surgical
intervention.

Audiogenic seizures:

Genetically epilepsy prone KM rats were placed in the audiogenic
stimulation chamber (60x60x60 cm plexiglass box). In response to a
high pitch sound stimulus presented (bell - 110dB, during 60 sec) the
rats developed seizure reactions. Motor components of seizure activity
were estimated by a slightly modified Jobe [26] scale: 0—fear reaction;
1—facial muscle clonus; 2—head tremble, jaw myoclonus; 3—wild
run, forepaw myoclonus; 4—myoclonus of fore- and hindpaws, fall
on a side; 5—clonus of the fourpaws, skeletal muscle rigidity, ataxia,
asphyxia.

The wild running phase itself may consist of one or two distinct
running bouts, and is typically considered to be part of the seizure
progression. In experiments we used animals that in response to sound
stimulation developed two wild running reaction.

VTA was stimulated with current pulses of 100-120 pA, with
a duration of 0.5 msec and a frequency of 50-80 Hz. The influence
of 8-10 minutes prior to VTA stimulation on the audiogenic seizure
reactions was investigated. The VTA was stimulated immediately after
the end of the sound stimulation.

After the end of the experiment, the animals were deeply anesthetized.
Sites of localization of the tip of the VTA electrode were coagulated
(constant current 2 to 3 mA was passed during 1 min). The brain was
taken off and fixed in a 4% paraformaldehyde solution on phosphate
buffer. Localization of the electrode tips was verified in frontal slices.

Data Analysis.

Differences between behavioral parameters measured before and after
VTA stimulation in the same animals were analyzed using a paired
t-test. Differences between independent groups (where applicable)
were evaluated using an unpaired t-test or factorial ANOVA. Data are
presented as mean + SD. Statistical significance was set at p < 0.05.

Results.

Recently it was shown by us that combined stimulation of hippocampus
and dorsomedial hypothalamus (the structure whose activation causes
reactions of fear, anxiety and theta rhythm of the hippocampus) resulted
in suppression of the electroencephalographic and behavioral seizure
reaction induced by stimulation of the hippocampus [27].
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It should be noted here that the VTA dopaminergic system, which
is involved in the regulation of hippocampal theta rhythm and
emotional responses, should trigger the activation of mechanisms that
are characterized by anticonvulsant activity. In other words, it can be
assumed that the VTA is involved in blocking seizure reactions of
limbic origin [27*].

Therefore, we investigated the effect of VTA stimulation on seizure
activity when the epileptogenic focus is located in the brainstem. In
animal models of audiogenic epilepsy, we studied the variability of
seizure activity before and after stimulation of the VTA.

The inferior colliculus (IC) has been implicated as a critical
structure in audiogenic seizure susceptibility. Based on cell types and
architecture, the IC is usually divided into the central nucleus, dorsal
cortex and external cortex [28]. Bilateral lesions of IC abolish AGS
permanently [29]. The AGS efferent pathway may divide at the level
of the IC into direct and modulatory courses, both of which terminate
in the reticular formation (RF) as the last likely requisite supra-spinal
structure mediating AGS expression. The IC has prominent descending
projections to several areas of the reticular formation, including the
pontine nucleus, the ventrolateral tegmental nucleus, the gigantocellular
reticular nucleus, and the lateral paragigantocellular nucleus, which
may subserve the direct AGS efferent pathway.

As noted above, another important modulatory structure in the
AGS network is the superior colliculus (SC). The role of SC in
AGS progression is supported by incomplete attenuation of AGS
by midcollicular knife cuts or SC lesions [9]. There are direct
descending projections from the SC to the pontine reticular formation
and pontomedullary reticular formation and to the medullary
parvicellular reticular formation. Focal microinjections of picrotoxin
(a noncompetitive GABA-A receptor antagonist) into the deep layers
of superior colliculus in rats produce explosive wild running behavior.
Focal SC microinjection of bicuculline into normal rats produces
spontaneous seizure activity.

In response to sound stimulation, the duration of the latent period
of the first wild run, the duration of the first wild run, the duration of
the pause between the first and second wild runs, the duration of the
second wild run, and the duration of behavioral convulsive reactions
were assessed. In animal models of audiogenic epilepsy, we studied the
change in audiogenic seizure activity before and after VTA stimulation
(Figure 1). In fact, the first wild run has been described in the literature
as a false start of AGS progression. The latency period of wild running
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Figure 1. Changes in the latencies of the first wild run (1), the duration of the first wild run (2), the duration of the pause between the first and
second wild runs (3), the duration of the second wild run (4) and in the behavioral reactions of seizures (5) in response to sound before and after
VTA stimulation. Ordinate: time in sec. Data are presented as mean + SD. Statistical significance was set at p < 0.05.
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in response to acoustic stimuli ranges from 5-6 to 20-30 seconds.

In spite of the fact that the wild run, which is an integral component
of subsequent audiogenic behavioral seizure development, nothing is
known about the importance of the pause between the wild run and its
alteration at different functional states of the brain.

The experiments conducted showed that in response to stimulation of
the VTA, the latency and duration of the first wild run do not undergo
significant changes. The experiments showed a significant increase in
the duration of the pause between the first and second wild runs and a
significant decrease in the duration of the second wild run. Furthermore,
we observed a significant decrease in behavioral seizure activity after
the second wild run, leading to its complete disappearance. Of the
12 animals, 5 (41.5%) showed the complete blocking of behavioral
seizures in response to sound after VTA stimulation.

We have previously shown in epilepsy-prone KM line rats, that
during pregnancy there is an increase in the silence period between wild
running and a significant blocking of behavioral convulsive reactions
to sound stimulation. We then hypothesized that during pregnancy,
possible endogenous inhibitory mechanisms are enhanced and, as a
consequence, behavioral seizure reactions are inhibited [30].

It was shown that cramps occurred less frequently if the interruption
occurred near or during the second wild run [31] suggesting that the
second phase of wild running is more closely associated with cramps
than the first phase of wild running. It has been theoretically assumed
that the period of inactivity separating the phases of wild running
represents a form of inhibition [32].

Our data more clearly confirm the involvement of inhibitory processes
during the pause between wild runs.

Discussion.

What are the possible mechanisms underlying the inhibition of
seizure reactions in response to VTA stimulation?

Itis suggested that the VTA plays an important role in epileptogenesis,
which is apparently associated with the inhibitory effect of dopamine
on the motor manifestations of seizures. L-DOPA injections have been
shown to suppress audiogenic seizures in DBA/2J mice [33]. At the
same time, injection of Ro 4-1284 (benzoquinolizine), which depletes
brain dopamine, results in a marked increase in severity of seizure
activity in genetically epilepsy-prone rats [27].

Several studies indicate a possible abnormality in the firing pattern of
dopaminergic neurons after epilepsy. Specifically, elevated dopamine
levels [34] and increased firing of dopaminergic neurons have been
found in rodent models of temporal lobe epilepsy [35]. VTA dopamine
neurons have been shown to produce more phasic activity and more
dopamine during epilepsy [36,37]. Interesting results were obtained
in rats with pilocarpine-induced seizures. It was shown that 60% of
rats in which pilocarpine induced seizure activity showed a significant
increase in the number of dopaminergic neurons [38].

The ventral tegmental area is best known for its powerful dopaminergic
projections to other brainstem regions, which are crucial structures for
motor control. This structure is primarily the superior colliculus [39,40].
As noted above, there are direct descending projections from the SC to
those areas of the brainstem that are involved in the implementation
of the animal’s behavioral convulsive reactions. Therefore, it can be
assumed that the synaptic circuits between the VTA and the SC play an
important role in blocking behavioral seizures during VTA stimulation,
not to mention those descending pathways of the CI that also activate
the reticular nuclei of the brainstem involved in motor activity during
seizure reactions.

The ventral tegmental area is best known for its robust dopaminergic
projections to forebrain regions. However, the VTA is not only made
of dopaminergic cells, as approximately 30% of cells in the VTA are
GABA-ergic (gamma-aminobutyric acid) neurons. These neurons
play a dual role, as GABA neurons provide both local inhibition of
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dopaminergic neurons and long-range inhibition of several distal brain
regions. There is clear evidence that GABA-ergic neurons of the ventral
tegmental area inhibit dopaminergic neurons of the VTA, although the
precise organization of this inhibition remains unclear [41].

GABA neurons of the VTA receive inhibitory, excitatory, and
neuromodulatory inputs from throughout the brain [42]. In turn, GABA-
ergic neurons of ventral tegmental area project to many structures of
the forebrain [43]. The role of GABAergic neurons of the VTA in the
epileptogenesis remains unclear.

It is particularly noteworthy that the role of dopamine-sensitive
structures that receive synaptic inputs from the ventral tegmental
area in audiogenic seizure responses remains unexplored. One such
structure is the reticular nucleus of the thalamus (TRN). TRN receives
a quite a lot of modulatory inputs, including dopaminergic inputs
from the ventral tegmental area, substantia nigra pars compacts, and
retrorubral field [44-46].

Among subcortical structures, GABAergic neurons of the TRN have
one of the highest densities of D4 dopamine receptors. The unitary
electrical activity of TRN neurons was recorded in vivo in Wistar rat. It
has been shown that: a) the presence of a tonic dopaminergic effect on
neurons; b) local activation of D4 receptors increases the basal firing
rate TRN neurons. Altogether these results support that dopamine
promotes spontaneous basal activation of NRT neurons via dopamine
D4 receptors [47].

The TRN receives dopaminergic innervation from the midbrain and
is known to express high concentrations of dopaminergic receptors
D1, D2, and D4. Furthermore, selective interaction with dopaminergic
receptors has been shown to have significant potential for modulating
TRN function [48].

It was shown, that the activation of dopamine D4 receptors modulates
GABA release in slices of the rat thalamic reticular nucleus. Given the
importance of the NRT in the control of attention, sensory processing
it is possible that abnormal NRT function may generate some of the
manifestations of the disorders of dopaminergic transmission [49].

It is assumed that the suppression of audiogenic seizure reactions by
activation of dopaminergic neurons is obviously also carried out by
neurons of the reticular nucleus of the thalamus.

The question arises how the blocking of audiogenic convulsive
reactions is carried out by the neurons NRT?

It is known that in cats, a single stimulation of the dorsal root, in
addition to segmental reactions (mono- and polysynaptic), in the
corresponding ventral root causes the occurrence of late reflex
discharges, which reflect the activation of the spino-bulbo-spinal
system (SBSS) [50].

It was shown that rhythmic stimulation of the TRN suppressed of
spino-bulbo-spinal responses of the spinal cord, i.e. neurons of the
bulbar reticular formation are inhibited (Figure 2) [51].

In our previous work [52], it was demonstrated that stimulation of the
thalamic reticular nucleus causes inhibition of the activity of neurons
of the mesencephalic reticular formation (Figure 3), which in turn
facilitates late reflex discharges of the spinal cord, i.e. facilitates the
activity of neurons of the bulbar reticular formation. It was assumed
that the influence of the RRT on the SBSS is carried out by activating
the inhibitory area of the reticular formation of the brainstem.

Therefore, it can be hypothesized that the TRN modulate the brainstem
regions responsible for motor responses during audiogenic seizures.

Conclusion.

From our results we can conclude: 1) the VTA plays an important role
in epileptogenesis, which is apparently associated with the inhibitory
effect of dopamine on the motor manifestations of seizures. Therefore,
VTA as a brain dopaminergic nucleus, may be a suitable target for
DBS anticonvulsant action. 2) functional relationships between VTA
and IC/SC play an important role in blocking behavioral seizures
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Figure 2. The effect of stimulation of the thalamic reticular nucleus on spinal cord responses. A, B, C - evoked potential of the sensorimotor
cortex (upper trace) and reflex responses of the ventral root to stimulation of the dorsal root (bottom trace). The arrow indicates the moment
of stimulation of the dorsal root, and the dots indicate stimulation of the thalamic reticular nucleus. (From the article by Nanobashvili Z. and

Khizanishvili N.1982).
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Figure 3. The effect of stimulation of the thalamic reticular nucleus on the activity of a neuron in the brainstem reticular formation (bottom trace).
The top trace is an electrocorticogram. Neuron activity was recorded using a trigger. The dots indicate the moments of stimulation (80 uA, 0.5 ms)
of the thalamic reticular nucleus. (From the article by Nanobashvili Z. and Khizanishvili N. 1986).

during VTA stimulation, 3) the NRT exerts its modulating influence
on almost all areas of the brainstem that are responsible for motor
reactions during audiogenic seizures.

Future Research Prospects.

To clarify the mechanisms by which audiogenic seizures are blocked
during stimulation of the VTA, the following questions will be further
studied: 1. Which neurotransmitters of the ventral tegmental area
(VTA) neurons (dopamine or GABA, or both) play a crucial role in
blocking audiogenic seizures; 2. To elucidate the possible role of
potentiation of VTA neurons in blocking seizure reactions.
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RESUME

The audiogenic seizure (AGS) model is one of several experimental
models used to study epilepsy and identify underlying mechanisms.
Dopamine plays an important role in epileptogenesis and dopaminergic
neurons of ventral tegmental area (VTA) have extensive connections
with many brain structures. Despite of this there are no data on the
influence of this structure on the audiogenic seizure responses of the
brain. The main aim of our study was to investigate the influence of the
VTA on the development of audiogenic seizure reactions in genetically
epilepsy-prone rats. The novelty of these article lies not only in the
observation of changes in the development/course of audiogenic
seizure reactions caused by stimulation of the VTA, but also in taking
into account the localization of the epileptogenic focus, which, in our
opinion, is especially important for the scientific analysis of this type
of research. The male epilepsy-prone of KM line male rats (n=12) with
a body weight of 200-250 g will be used in experiments. In response
to a high pitch sound stimulus presented (bell - 110dB, during 60 sec)
the rats developed seizure reactions. VTA was stimulated with current
pulses of 100-120 pA, with a duration of 0.5 msec and a frequency of
50-80 Hz, for 8-10 min. The influence of such VTA stimulation on the
generalized seizure reactions was investigated. It is suggested that the
VTA plays an important role in epileptogenesis, which is apparently
associated with the inhibitory effect of dopamine on the motor
manifestations of seizures. Therefore, VTA as a brain dopaminergic
nucleus, may be a suitable target for anticonvulsant action.

Keywords: Audiogenic seizures, VTA, dopamine, rats.
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PE3IOME

Mopgens ayJUOTeHHBIX NPUIAIKOB OJUH M3 3KCHEPHMEHTATBHBIX
Mozenel, UCHONb3yeMBbIX JUIA M3YYeHHS SHHJICNCHU U BBIIBICHUS
e mexaHm3MoB. JlopaMHuH HrpaeT BaXKHYIO pONb B SIIJICHTOTCHE3E,
a nocdaMuHEeprudecKine HeHpOHBI BEHTPATHHON OONACTH MOKPHIIIKH
(BOIl) wumeror OOmMpHBIE CBSA3M CO MHOTHMH CTPYKTypamu
mosra. HecmoTps Ha 3TO, JaHHBIE O BIHMSHHM 3TOH CTPYKTYpEI
Ha AayAHOTEHHBIC CYAOPOXKHBIE PpEAKIMH MO3ra OTCYTCTBYIOT.
OCHOBHOH HENBIO HAIIETO HCCISIOBAaHUS OBUIO M3YUEHHE BIIMSHUS
BeHTpasbHO# obnactu mokpeiniku (BOII) Ha pa3BuTHE ayIHOTEHHBIX
CYIOpPOXHBIX PEAKIUH y KPBIC, TCHETHYECKH IPEAPACIIONOKEHHBIX
k smwtencun. HoBu3Ha maHHOW paboTHI 3aKIIOYAeTCss HE TOJBKO
B HaOMIONCHWH W3MEHCHHH B pa3BUTHH/TCUCHUM AayAHOTE€HHBIX
CyIOPOKHBIX pEaKluii, BbI3BaHHBIX ctumylsinued BOIL, HO u ¢
YYeTOM JIOKAIM3alMi SHHIENTOTEHHOTO oOdara, 4YTo, [0 HameMmy
MHEHHIO, OCOOCHHO BaXXHO IUISI HAyYHOTO aHAIW3a JAHHOTO THIIA
HCCIeNOBaHUHA. B 3KcIeprIMeHTax HCIONB30BANNCH CAaMIBI KPBIC
muann KM (n=12), maccoii Tema 200-250 r. B oTBeT Ha nnpepaBiIcHne
CHJIBHOTO 3BYKOBOTO CTHMyia (3BoHOK — 110 nb, mmuremsHOCTBIO
60 c) y KpbIC pa3BUBAIUCH CYIOPOXHBIE peakuud. CTUMYISIUIO
BEHTPAIBHOH 00JIACTH MOKPHIIIKH OCYIIECTBILUIN UMITyJIbCaMU TOKa
cuoit 100-120 MxA, mmurensHocThio 0,5 Mc 1 yactoroii 50-80 I'p B
teuenne 8—10 MuH. VccaenoBaHo BIMSHIE CTUMYJISINN BEHTPAIbHOMH
o0y1acTi TerMEHTyMa Ha T'eHEepaIM30BAHHBIE CyJOPOXKHBIE PEaKIHH.
[Mpennonaraercs, 4YTo BEHTpaidbHas OOIACTH TETMEHTyMa HIPAET
Ba)XHYIO POIb B SIIICNTOr€He3e, YTO, IO-BUANMOMY, CBSI3aHO C
HMHTHOMPYIONINM BIIMSHHEM J0(haMUHA HA JIBUTaTEIbHBIE IIPOSBICHHUS
cynopor. CremoBaTenbHO, BEHTpajdbHAs O007AaCTb TETMEHTyMa,
KaKk Jo(aMHHEPTHYECKOe PO MO3Ta, MOXKET OBITh MOAXOASIICH
MUIIECHBIO U MPOTHUBOCYIOPOXKHOTO JIEHCTBHS HPH CTUMYJIIIUH
IITyOOKHX CTPYKTYP TOJIOBHOTO MO3Ta.

KawueBble cioBa: ayaworeHnele mnpunanku, BOII, nodamum,
KPBICEL.

Dudiogenuri krunCxvebis blokireba ventraluri tegmentumis
ubnis gaRizianebis sapasuxod
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Ceziume

audiogenuri krunCxvebis (ak) cxoveluri modeli erT-erTia im
egsperimentuli modelebidan, romelic gamoiyeneba epileptogenezis
Sesaswavlad da ZiriTadi meqanizmebis dasadgenad. Dofamini
mniSvnelovan rols asrulebs epileptogenezSi da ventraluri tegmentaluri
ubnis (vtu) dofaminergul neironebs farTo kavSirebi aqvT tvinis mraval
struqturasTan.  Mmiuxedavad aRniSnulisa, mwiria monacemebi
am struqturis gavlenis Sesaxeb audiogenuri krunCxviTi reaqciebis
mimdinareobaze. Cveni kvlevis mTavari mizani iyo genetikurad
epilefsiisadmi determinirebuli — kruSinski-molodkinas (km) xazis
virTagvebis audiogenuri kruCxviTi reaqciebis mimdinareobaze
vtu-s gavlenis Seswavla. naSromis siaxle mdgomareobs ara mxolod
vtu-s ctimulaciiT gamowveuli krunCxviTi reaqciebis ganviTarebze
dakvirvebaSi, aramed epileptogenuri keris gaTvaliswinebaSic, rac
CveniazriT, gansakuTrebiT mniSvnelovania amtipis kvlevis mecnieruli
analizisaTvis. egsperimentebSi gamoyenebuli iyo km-is xazis mamri
virTagvebi (n=12) woniT 200-250 gr. bgeriTi stimulebisaTvis
gamoyenebuli iyo standartuli kedlis zari (90-100 db, 60 wamis
ganmavlobaSi). vtu stimulirebuli iyo 100-120 mka denis impulsebiT,
0,5 mwm xangrZliobiT, 50-60 hc sixSiriT, 8-10 wuTis ganmavlobaSi.



gamoirkva, rom vtu mniSvnelovan rols asrulebs epileptogenezSi, rogorc tvinis dofaminerguli ubani SeiZleba iyos Sesaferisi samizne

rac rogorc Cans, dakavSirebulia dofaminis damTrgunvel efeqtTan antikonvulsiuri molImedebisaTvis.

krunCxviTi reaqciebis motorul gamovlinebebze. Sesabamisad, vtu sakvanZo sityvebi: audiogenuri krunCxvebi, vtu, dofamini,
virTagva.
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