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Jurnali eZRvneba gamoCenili mecnieris, 

neirofiziologis, eqsperimentuli nevrologiis erT-

erTi damfuZneblis, medicinis mecnierebaTa doqtoris, 

saqarTvelos mecnierebaTa erovnuli akademiis 

akademikosis,  profesor 

vaJa okuJavas 
xsovnas, romelsac 2020 wlis 25 Tebervals 

Seusrulda 90 weli 

Журнал посвящается памяти выдающегося ученого, 
нейрофизиолога, одного из основателей 

экспериментальной неврологии, доктора медицинских 
наук, академика Национальной Академии наук Грузии, 

профессора 

Важа Окуджава, 

которому 25 февраля 2020 года исполнилось бы 90 лет 

The journal is dedicated to the memory of an outstanding scientist, 
neurophysiologist, one of the founders of experimental neurology, 
Doctor of Medical Sciences, Academician of Georgian National 

Academy of Sciences, Professor 

Vazha M. Okujava, 

who turned 90 on February 25, 2020 
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akademikos vaJa okujavas cxovreba da moRvaweoba 

akademikosi vaJa okujava daibada 1930 wlis 25 Tebervals, Tbi-

lisSi. mama – mixeil okujava iyo cnobili politikuri da sazo-

gado moRvawe, deda – nino modebaZe, eqimi. 

okujavebis ojaxs ocdaaTiani wlebis represiebma umZimesi dartyma 

miayena: mixeil okujava, rogorc `nacional uklonisti~, daxvrites, 

daapatimres da Semdgom daxvrites misi meuRlec, nino modebaZe. 

vaJas ufrosi Zma givi, srulwlovanebis miRwevisTanave, gadaasaxles 

cimbirSi, rogorc `xalxis mtris Svili~. 

vaJas da misi da-Zmis, arCilis da naTelas aRzrdis urTulesi mo-

valeoba itvirTa deidam, ludmila modebaZem, cnobilma fTiziatrma, 

qarTuli fTiziatriuli skolis erT-erTma fuZemdebelma. man da 

bavSvebis bebiam mariamma ara marto fizikurad gadaarCines bavSvebi, 

aramed maT brwyinvale ganaTleba misces da aRzardes, rogorc 

qarTuli sazogadoebis warCinebuli warmomadgenlebi. 

vaJa swavlobda vaJTa meore saSualo skolaSi, romelic 1948 wels 

oqros medliT daamTavra. Tavdapirvelad igi filologiuri mec-

nierebebiT dainteresda da Cairicxa Tbilisis saxelmwifo univer-

sitetSi aRmosavleTmcodneobis fakultetze semitologiis ganxriT. 

igi giorgi wereTlis, arnold Ciqobavas, giorgi axvledianis, akaki 

SaniZis gamorCeuli moswavle iyo da brwyinvale momavalsac 

uqaddnen, magram mas axali gataceba gauCnda – sabunebismetyvelo 

mecnierebebi. es interesi imdenad Zlieri aRmoCnda, rom gadawyvita 

Seecvala specialoba da samedicino institutSi Caabara. 

1956 wels vaJa okujava warCinebiT amTavrebs Tbilisis saxelmwifo 

samedicino institutis samkurnalo fakultets. medicinis dargSi 

misi interesTa sfero metad farTo iyo, Tumca sabolood Tavis 

arCevans neiromecnierebaze, kerZod neirofiziologiaze aCerebs. 

1956 wels Sedis saqarTvelos mecnierebaTa akademiis fiziologiis 

institutis aspiranturaSi. misi maswavleblebi arian ivane berita-

Svili da vladimer voronini. vaJa okujava igonebs: `Cemi maswav-

leblebi iyvnen medicinisa da biologiis korifeebi: ivane beri-

taSvili, petre sarajiSvili, vladimer voronini... axlo urTier-
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Toba mqonda im drois mraval gamoCenil ucxoel mecnierTanac... 

sabWoTa periodSi, mogexsenebaT, es iSviaToba iyo. axalgazrda mec-

nierisTvis ar gaxldaT advili hqonoda axlo urTierToba, Tundac 

profesiuli, iseT ucxoel mecnierebTan, rogorebic iyvnen nobelis 

premiis laureatebi bernard katci, alan hojkini da sxvebi. me es 

bednierebac mxvda wilad~. am periodSi is dainteresda centraluri 

nervuli sistemis eleqtrofiziologiuri fenomenebiT, maTi meqaniz-

mebiTa da warmoSobis safuZvlebiT. ukve im dros misma pirvelma 

Sromebma gamoCenili specialistebis yuradReba miipyro da maTi ma-

Rali Sefaseba daimsaxura. akad. p. anoxini werda: `warmatebiT 

SeuTavsa ra Tavis tvinis eleqtruli stimulaciisa da biopoten-

cialTa registraciis meTodebi neirofarmakologiuri zemoqmedebis 

meTodebs, v. okujava mivida metad mniSvnelovan da originalur 

daskvnebamde. eWvgareSea am faqtebisa da daskvnebis didi samecniero 

Rirebuleba.~ 

1960 wels v. okujavam akademikos ivane beritaSvilis xelmZRvane-

lobiT daicva sakandidato disertacia Temaze: `didi hemisferoebis 

qerqis dendrituli aqtiobis eleqtrofiziologiuri da farmako-

logiuri analizi~. ivane beritaSvili mogvianebiT ase afasebda mis 

naSromebs: `v.m. okujavas samecniero kvlevebi exeba neirofizio-

logiis uaRresad mniSvnelovan problemebs, romelTa gadawyvetaSic 

man didi wvlili Seitana. misma naSromebma moipova specialist-nei-

rofiziologTa farTo sazogadoebis aRiareba da umaRles Sefa-

sebas imsaxurebs~. 

aspiranturis damTavrebis Semdeg v. okujava muSaobas iwyebs kli-

nikuri da eqsperimentuli nevrologiis institutSi. aqedan iwyeba 

misi xangrZlivi TanamSromloba Tavis maswavlebelTan da Tanamoaz-

resTan akademikos petre sarajiSvilTan. 1961 wels man Seqmna da 

saTaveSi Caudga eqsperimentuli nevrologiis ganyofilebas. petre 

sarajiSvili ase werda amis Sesaxeb: `man SeZlo Seeqmna ganyo-

fileba, romelic Tavisi SesaZleblobebiT ar Camouvardeba saer-

TaSoriso klasis saukeTeso laboratoriebs.~ 

yuradRebas ipyrobs misi samecniero interesebis metad farTo speqtri, 

siaxlis saocari SegrZneba da kvlevebis uzarmazari diapazoni. vaJa 

okujava iyo erT-erTi pirveli yofil sabWoTa kavSirSi, vinc da-

nerga unatifesi mikrofiziologiuri meTodebi Tavis tvinis cal-

keuli elementaruli struqturebis cxovelqmedebis Sesaswavlad. 

Tavisi cxovrebis sxvadasxva etapebze igi ikvlevs Zils, kosmosuri 

da saaviacio medicinis problemebs, wamalTa Terapiul monito-

ringsa da farmakokinetikas, qcevis fiziologias. 



 
 
 
 
 

iii 

 

samocian wlebSi ikveTeba misi mTavari samecniero interesi: epilef-

siis neirofiziologiuri meqanizmebis Seswavla. vaJa okujava ase 

igonebs am periods: `rodesac fiziologiaSi ivane beritaSvilTan 

daviwye muSaoba, davinteresdi eleqtrofiziologiuri fenomenebiT, 

maTi meqanizmebiTa da warmoSobis safuZvlebiT. maT Soris iyo 

iseTi fenomenebi da eleqtrofiziologiuri niSnebi, romlebic sa-

fuZvlad udevs epileptogenezs. nevrologiis institutSi petre 

sarajiSvilTan muSaobisas am sakiTxma kidev ufro gamitaca. 

davinteresdi rogorc epilefsiuri gulyrebis eqsperimentuli 

kvleviTa da saTanado modelebze muSaobiT, aseve klinikuri feno-

menebiT da am fenomenebis eqsperimentuli modelebis SeswavliT. 

batoni petrec Zalian iyo dainteresebuli epilefsiis problemiT, 

aRtacebiT xvdeboda Cems ideebs, iziarebda Cems Sexedulebebs da xa-

lisiT xvdeboda Cemsa da Cvens erTobliv miRwevebs. mudam vgrZnobdi 

mis did mxardaWeras~. 

v. okujavam SeZlo mdidari masalis miReba da srulebiT axleburad 

axsna ujreduli meqanizmebis buneba, romelic viTardeba calkeuli 

neironis doneze da ganapirobebs epilefsiur aqtiobas, agreTve 

daadgina axali neironebis epilefsiur aqtiobaSi CarTvis meqanizmi 

da meoradi epilefsiuri kerebis buneba da a.S. v. okujavam Seqmna 

srulebiT axali, originaluri warmodgena epilefsiuri gulyris 

Sewyvetis neirofiziologiuri safuZvlebis Sesaxeb. 1966 wels 

v. okujavam brwyinvaled daicva sadoqtoro disertacia Temaze: 

~epilefsiuri aqtiobis ZiriTadi neirofiziologiuri meqanizmebi~. 

misi Sromebi umaRles samecniero Sefasebas imsaxurebs. petre 

sarajiSvili werda: `unda aRiniSnos, rom v. okujavas Sromebi 

avtors warmoaCens, rogorc Rrma Teoretikossa da natifi eqspe-

rimentis brwyinvale ostats. igi, erTi mxriv, srulyofilad flobs 

eqsperimentul qirurgiul teqnikas, meore mxriv ki – Tanamedrove 

eleqtronikis uaxles miRwevebs, romelic SeiZleba gamoyenebul 

iqnas eleqtrofiziologiur praqtikaSi~. herbert jasperi ase 

afasebs mis monografias – ~epilefsiuri aqtiobis bazisuri neiro-

fiziologiuri meqanizmebi~: `es aris SesaniSnavi naSromi da minda 

mogilocoT, rom Tqven SeZeliT zogierTi ukve arsebuli Sromis 

kritikuli Sefaseba da SemoitaneT bevri, Cemi azriT, uaRresad 

mniSvnelovani, Tqveni sakuTari dakvirveba. me vaTavseb am wigns 

Cvens biblioTekaSi, rom Cvens TanamSromlebsa da studentebs hqon-

des misi gamoyenebisa da citirebis saSualeba.~ 

v. okujavas samecniero muSaobam Tavidanve udidesi aRiareba hpova. 

1967 wels igi, jer kidev sruliad axalgazrda mecnieri, airCies 

saqarTvelos mecnierebaTa akademiis wevr-korespondentad, xolo 

1974 wels – akademikosad. 
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1967 wels igi miemgzavreba amerikis SeerTebul StatebSi, betesdaSi 

(NIH), sadac 1967-1968 wlebSi muSaobs nevrologiur daavadebaTa da 

insultis institutSi miwveul mecnierad. iq mis moRvaweobas 

amerikeli kolegebis aRfrTovanebuli gamoxmaureba mohyva. aqedan 

moyolebuli, is mTeli cxovrebis manZilze mWidrod TanamSrom-

lobs neiromecnierebebis iseT korifeebTan mTeli msofliodan, 

rogorebic arian aimone marsani, Con lu li, rolf hasleri, pla-

ton kostiuki, braian meldrumi, mortimer miSkini da mravali sxva. 

garda samecniero muSaobisa, v. okujava iyo niWieri pedagogi. 1967 

wlidan sicocxlis bolo periodamde kiTxulobda leqciebs Tbi-

lisis saxelmwifo universitetis fiziologiis kaTedraze nervuli 

sistemis fiziologiis sxvadasxva ganxriT. misi leqciebi uzar-

mazari popularobiT sargeblobda. TviTon erT-erT interviuSi ase 

wers sakuTari leqciebis Sesaxeb: `yovelTvis vcdilobdi leqciebi 

dialogis saxiT warmemarTa. ar miyvarda auditoriaSi monologis 

kiTxva, mxolod Cemi codnisa da gamocdilebis gadacema. mudam vcdi-

lobdi aqtiuri saubari da axlo kontaqti mqonoda axalgazrdeb-

Tan, gamego maTi naazrevic, Tundac is, rogor gaiges, rogor 

Caswvdnen Cems axsnils~. 

misi xelmZRvanelobiT 31 disertacia Sesrulda, aqedan 5 sadoq-

toro. isev mas Tu davesesxebiT: `aspirantebisa da maZieblebis gaZ-

Rola did siamovnebas mgvrida. marTla kargi mowafeebi myavda. Cemi 

xelmZRvanelobiT bevri saintereso samuSaoa Sesrulebuli, mixaria, 

roca amas Tavad mowafeebi aRniSnaven. Cemma mowafeebma kargi 

avtoriteti moipoves sibejiTiT, niWierebiTa da SromiT”. misi erT-

erTi gamorCeuli moswavle da TanamSromeli, profesori beJan 

WankvetaZe wers: `baton vaJas xiblavda da igi Tayvans scemda 

WeSmarit niWs, imitom rom TviTon uniWieresi adamiani (pirovneba) 

iyo. me axla vxedav, rom misi gadmosaxedidan WeSmaritad niWieri, 

keTilSobili da mecnierebisTvis Tavdadebuli adamianebis gamo-

cnoba ufro advilic iyo. swored amiT unda aixsnas is faqti, rom, 

albaT, arc erTi qarTveli swavlulis imdeni mowafe ar ambobs 

dRes msoflio mecnierebaSi Tavis gadamwyvet sityvas Cveni erisa da 

qveynis sasaxelod, rogorc batoni vaJas mier ~dafrTianebuli 

Svilobilebi~. 

vaJa okujava iyo mecnierebis brwyinvale organizatori. misi moRva-

weobis es mxare srulad vlindeba samocdaaTiani wlebidan. 1973-75 ww. 

v. okujava muSaobda Tbilisis saxelmwifo samedicino institutSi 

proreqtorad samecniero dargSi, xolo 1975-80 ww. iyo saqarTvelos 

mecnierebaTa akademiis fiziologiisa da eqsperimentuli medicinis 

ganyofilebis akademikosi mdivani. Tavisi moRvaweobis am periodSi 
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igi did yuradRebas uTmobs saqarTveloSi mediko-biologiuri mec-

nierebebisa da fiziko-qimiuri biologiis ZiriTadi mimarTulebebis 

ganviTarebas Cvens qveyanaSi. aniWebda ra gansakuTrebul mniSvne-

lobas sxvadasxva fundamenturi da gamoyenebiTi mimarTulebebis 

ganviTarebas neirobiologiis problemebis gadasaWrelad, man erT-

erTma pirvelma sabWoTa kavSirSi Semoitana `neiromecnierebebis~ 

koncefcia da iyo multidisciplinuri neiromecnierebebis konfe-

renciis Catarebis iniciatori, romelmac Semdgom regularuli 

xasiaTi miiRo da tardeboda yovelwliurad. aRniSnulma konferen-

ciebma hpova farTo aRiareba da maRali Sefaseba samecniero 

wreebSi. misi organizebiT TbilisSi orjer (1978 da 1982 ww.) Ca-

tarda epilefsiis neirofiziologiuri meqanizmebisadmi miZRvnili 

saerTaSoriso simpoziumi. simpoziumebSi monawileobdnen msoflio epi-

leptologiis iseTi klasikosebi, rogorebic arian: j. vada, C. l. li, 

rolf hasleri, j. macumoto, r. gamniti, r. uordi, g. luqsi, 

i. bureSi, g. godardi da sxv. sabWoTa periodSi samecniero foru-

mebi amgvari saerTaSoriso warmomadgenlobiT metad iSviaTad imar-

Teboda. simpoziumSi monawileobdnen dargis liderebi mTeli sab-

WoTa kavSiridan. amitom, aRniSnuli simpoziumebi uaRresad mniSvne-

lovani movlena iyo qarTuli da mTlianad sabWoTa neiromecnie-

rebisTvis, amave dros maT umaRlesi gamoxmaureba hpoves saerTa-

Soriso samecniero presaSi. 

vaJa okujava agrZelebs aqtiur kvleviT muSaobas da qmnis axal 

samecniero erTeulebs. 1977 wels saTaveSi udgeba saqarTvelos mec-

nierebaTa akademiis fiziologiis institutSi mis mierve organize-

bul nervuli ujredis fiziologiis, paTologiis da farmakolo-

giis laboratorias. 1983 wels ayalibebs da xelmZRvanelobs Tbi-

lisis saxelmwifo universitetis neirobiologiis laboratorias, 

sadac aviTarebs im droisTvis srulebiT axal mimarTulebas, 

medicinis, biologiisa da qimiis gasayarze Camoyalibebul dargs, 

romelic moicavs wamalTa Terapiul monitoringsa da farmako-

kinetikas. 

1980 wlidan iwyeba axali etapi mis cxovrebaSi, rodesac is iniSneba 

Tbilisis saxelmwifo universitetis reqtorad da am Tanamdebobze 

1985 w-mde muSaobs. 

am periodSi srulad vlindeba misi organizatoruli SesaZleb-

lobebi. batoni nodar tabiZe wers: `pirveli, rac yvelas TvalSi 

mogvxvda, es iyo misaRebi gamocdebis axleburad, umaRles doneze 

Catareba... TiTqmis gamoiricxa e.w. `piradi simpaTiebiT~ universi-

tetSi Caricxva, meore: farTod gaaRo sarkmeli evropisken, katego-

riulad moiTxovda msoflio miRwevebis operatiulad gaTavisebas... 



 
 
 
 
 
vi 

 

sagulisxmoa, rom am mxriv TviTon iyo magaliTis mimcemi~. auci-

leblad unda aRiniSnos misi roli Tbilisis saxelmwifo univer-

sitetsa da sabWoTa kavSirisa da ucxoeTis wamyvan universite-

tebTan TanamSromlobis da partniorobis gafarToebaSi. igi iyo 

iniciatori da monawile liublianis universitetTan (iugoslavia) 

da zaarlandis universitetTan (germania) urTierTTanamSromlobis 

xelSekrulebis xelmowerisa, agreTve aviTarebda da afarToebda 

ukve arsebul saerTaSoriso kavSirebs. 

igi did Zalisxmevasa da energias uTmobs universitetis samecniero 

danayofebis srulyofas da ganviTarebas, sauniversiteto mecniere-

bis problematikis dazustebas da gamsxvilebas, samecniero kvlevebis 

materialur-teqnikuri bazis ganmtkicebas. Tavis erT-erT gamosvlaSi 

v. okujava ambobs: `universitetis saxeliT Cems gamosvlaSi pirvel 

rigSi minda aRvniSno, rom samecniero-teqnikuri revoluciiT daye-

nebuli problemebis gadaWraSi universitetebma uaRresad mniSvne-

lovani roli unda iTamaSos pirvel rigSi imitom, rom sauni-

versiteto mecniereba samecniero produqciasTan erTad iZleva coc-

xal produqciasac – samecniero kadrebs. amasTan erTad, gansakuT-

rebiT unda aRiniSnos organizaciis universaluri xasiaTi, univer-

sitetebis pedagogiuri muSaobisa da sauniversiteto mecnierebis 

universaluroba. am faqts pirvelxarisxovani mniSvneloba eniWeba 

mecnierebis diferenciaciisa da specializaciis epoqaSi, rodesac, 

Tu bernard Sous gonebamaxvilur gamonaTqvams gamoviyenebT, specia-

listebs TavianT viwro CarCoSi ecodinebaT `yvelaferi arafris 

Sesaxeb~. amitom mecnierebis integraciis roli gadamwyveti xdeba am 

periodSi~. igi aqtiurad monawileobda sazogadoebriv da sabunebis-

metyvelo disciplinebSi axali samecniero-kvleviTi da problemuri 

laboratoriebis Seqmnasa da ukve arsebulis gafarToebaSi. erTi 

mxriv, pedagogiuri procesis gaZlierebisa da gamdidrebis, xolo, 

meore mxriv, mZlavri samecniero koleqtivebisa da universitetis 

kvleviTi potencialis gaerTianebis mizniT, v. okujava yvelanairad 

uwyobda xels e.w fundamenturi sauniversiteto kaTedrebis Seqmnas 

akademiuri institutebisa da msxvili samecniero-sawarmo gaerTia-

nebebis bazaze. garda amisa, fundamenturi sauniversiteto mecniere-

bisa da praqtikis daaxloebisa da samecniero Sedegebis praqtikaSi 

danergvis daCqarebis mizniT, misi iniciativiT daarsda rigi dar-

gobrivi laboratoriebi. v. okujavas mcdelobiT damyarda mtkice 

miznobrivi urTierTTanamSromloba didi sameurneo mniSvnelobis 

mqone uwyebebTan da warmoebebTan. amave dros, aucileblad unda 

aRiniSnos misi moRvaweoba qveynis samecniero muSaobaSi axal-

gazrda kadrebis xvedriTi wilis gazrdisTvis. vaJa okujava ambobs: 

`qveynis samecniero muSaobaSi axalgazrda kadrebis xvedriTi 

wilis gazrdis mwvave aucileblobaa, miuxedavad ufrosi Taobis, 
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vTqvaT Cemi da Cemze ufrosi Taobis mecnierebis uzarmazari dam-

saxurebis da mniSvnelobisa. am mimarTebaSi adrec miTqvams, rom 

`axalgazrda mecnieris~ cneba metad pirobiTia, radgan arsebobs 

erTi didi mecniereba da arasworia misi dayofa, ase rom vTqvaT, 

`axalgazrdebis mecnierebad~ da `mowifulebis mecnierebad~ da is 

ar ukeTebs SeRavaTs asaks, studentursac ki; Tanac e.w. axalgazrda 

mecnierTa asaki 35 wlamde aris asaki metad Tamami, gabeduli, 

aqtiuri da produqtiuli samecniero Ziebisa. mecnierebaSi axal-

gazrdebis rolisa da pasuxismgeblobis amaRlebam SesaZloa metad 

sasurveli efeqti gamoiRos. amaSi, savaraudod devs rezervi samec-

niero muSaobis efeqturobis amaRlebisTvis~. 

batoni nodar tabiZe Tavis wignSi `portretebi da eskizebi~ wers: 

`iyo Tbilisis saxelmwifo universitetis reqtori – udidesi pativia 

da uzarmazari tvirTic. Sen gevaleba ivane javaxiSvilis xazis 

gagrZeleba. yvelaferi unda Seswiro alma-maters – eris gonsa da 

sindiss. ar kmara didi mecnieri brZandebode, aucilebelia, kargi 

organizatori da patiosani moqalaqe iyo. maSin gamogyvebian... 

universitets bevri Rirseuli reqtori hyavda. maT Soris erT-erTi 

pirvelTagania vaJa okujava~. 

vaJa okujava cxovrebis bolomde eweva metad nayofier samecniero 

muSaobas, xelmZRvanelobs mraval saerTaSoriso da adgilobriv 

samecniero proeqts, aqveynebs samecniero publikaciebs. xsenebul 

publikaciebs Soris gansakuTrebiT aRsaniSnavia misi monografia 

`Mechanisms of Cortical Inhibition” (qerquli Sekavebis meqanizmebi), rome-

lic 1997 wels niu-iorkSi (aSS) gamoaqveyna gamomcemlobam Nova 
Science Publishers, inc. akademikosi Tengiz oniani monografiis Sefa-

sebisas werda: `am monografiaSi aris warmodgenili v. okujavas 

mier xangrZlivi drois manZilze mopovebuli metad mdidari da 

mniSvnelovani masala qerquli neironebis Sekavebis zogadi bunebisa 

da TaviseburebaTa Sesaxeb. axleburadaa gaanalizebuli neironTa 

Sekavebis gamomxatveli postsinafsuri eleqtruli pasuxebis rTuli 

Sedgenili xasiaTi da maTi calkeuli komponentebis warmomSobis 

ionuri meqanizmebi... monografia gansakuTrebiT mniSvnelovania cen-

traluri nervuli sistemis paTofiziologiis sakiTxebSi gasarkve-

vad. avtori saerTaSoriso aRiarebis epileptologia. amitom buneb-

rivia, rom Tavisi monografiis mniSvnelovani nawili man qerquli 

Sekavebis rolis sakiTxs miuZRvna epilefsiuri aqtiobis aRmoce-

nebis, ganviTarebisa da kupirebis procesSi... dasasrul ki, sruli 

rwmeniT SeiZleba davaskvnaT, rom v. okujavas monografia `Mechanisms of 
Cortical Inhibition~ Tanamedrove neiromecnierebis mniSvnelovani Sena-

Zenia.~ aRniSnuli monografiis maRal samecniero Rirebulebaze miu-

TiTebs isic, rom es Sroma citirebulia fundamentur mono-
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grafiebsa da saxelmZRvaneloebSi, rogoricaa: C. Gyton and J.E. Hall. 
`Textbook of Medical Physiology~, 2000 da sxv. 

amgvarad, vaJa okujavas moRvaweobis ZiriTadi mimarTuleba dakavSi-

rebulia Tanamedrove neiromecnierebaTa multidisciplinarul prob-

lemasTan. zogadi da ujreduli neirofiziologiisa da neirofarma-

kologiis sakiTxebTan da maT gamoyenebiT aspeqtebTan klinikur 

nevrologiaSi. misi xelmZRvanelobiT Seswavlil iqna Tavis tvinis 

nervuli da gliuri ujredebis moqmedebis meqanizmebi, sxvadasxva 

zemoqmedebaze maTi reagirebis Taviseburebani da, agreTve, farma-

kologiur nivTierebaTa moqmedebis meqanizmebi calkeuli ujre-

debis doneze. Catarebuli kvlevebis Sedegad v. okujavam mniSvne-

lovani daskvnebi miiRo Tavis tvinis didi hemisferoebis sinafsuri 

organizaciis Sesaxeb, qerqSi sinafsuri kavSirebis didi plastiu-

robisa da mexsierebis kvalis SenarCunebis savaraudo meqanizmebis 

Taobaze. gansakuTrebiT mniSvnelovania v. okujavas kvlevis Se-

degebi qerquli neironebis TaviseburebaTa Sesaxeb rogorc normis, 

aseve epilefsiuri aqtiobis pirobebSi da am neironebis hiperpola-

rizaciuli eleqtrogenezis ionuri meqanizmebis Sesaxeb. v. okujavam 

daazusta Tavis tvinis sxvadasxva saxis gamowveuli potencialebis 

ujreduli meqanizmebi da Caatara maTi detaluri analizi qerqul-

qerquli da qerqul-qerqqveSa urTierTobaTa rigi rTuli sakiT-

xebis gadasaWrelad. man moipova mniSvnelovani masala Zil-RviZilis 

ciklis ujreduli organizaciis sakiTxTan dakavSirebiT. 

vaJa okujava da misi TanamSromlebi atarebdnen agreTve gamokvle-

vebs moZraobis daavadebis centraluri meqanizmebisa da uwonadobis 

modelirebis sakiTxebze, rasac udavo praqtikuli Rirebuleba aqvs 

kosmosuri da saaviacio medicinisTvis. 

gansakuTrebiT didia v. okujavas wvlili epilefsiuri aqtiobis 

neirofiziologiuri safuZvlebis garkvevaSi, misi aRmocenebis, gan-

viTarebisa da Sewyvetis meqanizmebis SeswavlaSi da, agreTve, kon-

vulsantebisa da antikonvulsantebis farmakologiuri moqmedebis 

detalur kvlevaSi. am SromebisTvis igi epilefsiis paTogenezis 

problemebis aRiarebul avtoritetadaa miCneuli. 

v. okujava did yuradRebas uTmobs sxvadasxva fundamenturi da ga-

moyenebiTi mimarTulebebis gaerTianebas neirobiologiur proble-

maTa gadasaWrelad; agreTve, fundamenturi neirofiziologiis me-

Todebis gamoyenebas nevrologiuri da neiroqirurgiuli klinikebis 

praqtikuli amocanebis gadasaWrelad rogorc diagnostikuri, ise 

konservatiuli da qirurgiuli mkurnalobis sakiTxebis dasazusteb-

lad. v. okujavas xelmZRvanelobiT damuSavebulia biologiur 
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siTxeebSi yvela ZiriTadi antiepilefsiuri preparatis gansazRvris 

originaluri meTodebi da maTi gamoyenebis optimaluri sqemebis 

SesamuSaveblad Catarebulia uaRresad mniSvnelovani gamokvlevebi 

klinikuri farmakologiisa da farmakokinetikis dargSi. 

sicocxlis bolo periodSi, 2000-ian wlebSi igi qcevisa da sivrciTi 

mexsierebis kvlevam gaitaca. misi laboratoria iwyebs aqtiur mu-

Saobas am mimarTulebiT. v. okujava, Tavis samecniero jgufTan 

erTad, axorcielebs erTobliv saerTaSoriso proeqts neirofsiqo-

logiis klasikosTan mortimer miSkinTan erTad (aSS) da mis umaR-

les Sefasebasac imsaxurebs. 2010 wels aSS-Si gamoica am proble-

misadmi miZRvnili monografia misi da Teimuraz naTiSvilis Tanaav-

torobiT: `kognituri vizualuri mexsiereba katebSi~ (Cognitive visual 
memory in cats // Nova Science Publishers, Inc, New-York). 

Tavisi cxovrebis manZilze vaJa okujava iyo sxvadasxva samecniero 

organizaciebisa da sazogadoebebis wevri: Tbilisis saxelmwifo uni-

versitetis mrCevelTa sabWos Tavmjdomare, saqarTvelos mecniere-

baTa akademiis prezidiumis wevri, saqarTvelos mecnierebaTa akade-

miis eqsperimentuli medicinis sakoordinacio sabWos Tavmjdomare, 

fizikur-qimiuri biologiisa da bioteqnologiis respublikuri sa-

koordinacio sabWos Tavmjdomare, nervuli sistemis fiziologiisa 

da paTologiis sakavSiro samecniero sabWos wevri, epilefsiis sa-

kavSiro saproblemo komisiis wevri, tvinis Semswavleli samecniero 

sazogadoebis (IBRO) wevri da erovnuli komitetis warmomadgeneli, 

saqarTvelos fiziologTa sazogadoebis Tavmjdomare, sakavSiro 

fiziologTa sazogadoebis mmarTvelobis wevri, epilefsiasTan me-

brZoli saerTaSoriso ligis wevri, epilefsiis saerTaSoriso biu-

ros wevri, epilefsiis saerTaSoriso biuros saqarTvelos ganyofi-

lebis damfuZnebeli, rigi erovnuli da ucxouri samecniero Jurna-

lebis saredaqcio kolegiisa da saredaqcio sabWos wevri: “Electro-
encephalography and Clinical Neurophysiology”, “Neurophysiology”, “Epilepsy Research” 
da sxv., saqarTvelos mecnierebaTa akademiis macnes (biologiis 

seria) mTavari redaqtori. v. okujava aris 326 samecniero naSromis 

avtori, maT Soris 6 monografiis. misi xelmZRvanelobiT daculia 

31 disertacia, maT Soris 5 – sadoqtoro. misi redaqciiT 1980 wels 

gamoica wigni “Нейрофизиологические механизмы эпилепсии”. 1960 wels man 

(c. CxikviSvilis TanaavtorobiT) Targmna da sabWoTa sivrceSi xel-

misawvdomi gaxada j. rosisa da a. canketis epoqaluri naSromi ”The 
Brain Stem Reticular Formation”, romelic moskovSi gamoica. 

vaJa okujavas samecniero Sromebi sxvadasxva dros iv. beritaSvilis 

saxelobis samecniero premiiT da xorezmis saxelobis saerTaSo-

riso samecniero premiiT aRiniSna. 
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mravalmxrivoba da didi diapazoni iyo vaJa okujavas ara marto 

profesiuli, aramed pirovnuli Tvisebac. is iyo WeSmariti eruditi. 

erkveoda rogorc xelovnebis, aseve mxatvruli literaturis, pub-

licistikis, ekonomikis, sportis ZiriTad sakiTxebSi. brwyinvaled 

flobda inglisur, germanul da frangul enebs. miRebuli hqonda 

musikaluri ganaTleba da SesaniSnavad ukravda fortepianoze. 

kargad erkveoda nebismieri Janris musikaSi, Tumca upiratesobas 

klasikurs aniWebda. misdevda sports, kargad TamaSobda CogburTs, 

iyo saqarTvelos CogburTis federaciis Tavmjdomare. 

vaJa okujava did ojaxs edga saTaveSi. hyavs meuRle, sami Svili da 

xuTi SviliSvili. 1964 wlidan man Tavisi cxovreba qalbaton zizi 

anTaZes daukavSira. qalbatoni zizi nevrologia, medicinis 

mecnierebaTa kandidati, wlebis ganmavlobaSi klinikuri da eqs-

perimentuli nevrologiis institutis ufrosi mecnier-TanamSro-

meli. igi iyo batoni vaJas upirvelesi megobari, dasayrdeni da 

gverdSi mdgomi misi saintereso, magram sirTuleebiT aRsavse 

cxovrebis manZilze. Svilebi: naTela, maia da miSa aseve medikosebi 

arian. Tavis erT-erT sagazeTo interviuSi batoni vaJa naxevrad 

xumrobiT ambobs: `kmayofili var Cemi SvilebiT. samive medicinas 

gahyva. ori maTgani ki, neiromedicinaSi muSaobs da mimaCnia, rom 

TavianTi axali meTodebiT perspeqtiuli mimarTulebebiT majobes 

kidec.~ 

vaJa okujava iyo didi mecnieri, moazrovne, pedagogi, mecnierebis 

organizatori, sazogado moRvawe, didi patrioti da saxelovani 

mamuliSvili. yovelive zemoTqmuli iyo imis Sedegi, rom igi, upir-

veles yovlisa, iyo gamorCeulad didi pirovneba Tavisi bunebiT, 

ganaTlebiTa da rwmeniT. 
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VAZHA M. OKUJAVA 
1930-2011 

Professor Vazha Okujava, Full Member of the Georgian National Academy of Sciences, 
honored scientist, Doctor of Medical Sciences and an active member of ILAE died on 
March 14, 2011, aged 81. He passed away as an eminent scientist, a brilliant ex-
perimenter, a remarkable organizer of science, an extraordinary teacher and an extremely 
kind, sympathetic and wise researcher. 

Professor Okujava was born on February 25, 1930. He graduated from the Tbilisi State 
Medical University. In 1960, he defended the thesis for the degree of Candidate of 
Medical Sciences, and in 1969 - Doctor of Sciences. In 1969, he became a professor of 
Human and Animal Physiology. 

In 1974, he was elected as a Full Member of the Georgian National Academy of Sciences. 
From 1973 to 1975, Prof. Okujava was a Vice-Rector of Tbilisi State Medical University, 
and from 1975 to 1980 he was Academician-Secretary of the Department of Physiology 
of Georgian Academy of Sciences. From 1980-1985, he was a Rector of Iv. Javakhishvili 
Tbilisi State University. He led the Centre for Experimental Neurology from 1961 up to 
the end of his life. 

His research accomplishments in experimental neurology are well known: neurophysio-
logical mechanisms of epilepsy; neurophysiological mechanisms of sleep-wakefulness 
cycle and its disorders; neurological electrodiagnostics; experimental and clinical neuro-
pharmacology and pharmacological monitoring, pharmacokinetics and metabolism of 
antiepileptic drugs; behavioral research: memory and memory disorders, modeling of 
psychopathology. 

Having broad scientic interests, epileptology was always his essential field of research. 
He was one of the founders of the internationally accepted epileptological scientic school 
in Georgia, which was leading in this medical speciality in the former Soviet Union. 
Twice (in 1978 and 1982) he was the organizer of very important International IBRO 
Symposia on Neurophysiological Mechanisms of Epilepsy in Tbilisi, where many 
prominent epileptologists from different parts of the world participated. 

In 1975, Professor Okujava became the President of the Georgian Physiological Society 
and maintained this position for the rest of his life. In 1975, he also was named Chief 
Editor of the Proceedings of the Georgian Academy of Sciences, Biomedical Series, and a 
Member of the editorial boards of the international journals “Neurophysiology”, “Electro-
encephalography and Clinical Neurophysiology” and “Epilepsy Research”. 

Professor Okujava’s monographs and articles are published in many languages, and they 
have earned him a well-deserved reputation. They relate both to the fundamental prob-
lems of neurophysiology and issues of clinical neurology. 
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METHYLATION STATUS OF IL-1β AND TNF-α GENES 
IN INFLAMMATORY PAIN MODEL 
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Chronic inflammatory pain is associated with excessive expression of pro-inflammatory 
cytokines. In the present study we evaluate DNA methylation status in the promoter regions 
of IL-1β and TNF- in adjuvant induced pain model. Adult rats receiving emulsion complete 
Freund's adjuvant (CFA) in the tail were tested for antinociception using thermal and 
mechanical paw withdrawal tests. Genomic DNA from brain tissue of the hippocampus 
were purified and subjected to bisulfite modification using EpiTect Fast Bisulfite Kit 
(Qiagen, USA). The effect of non-steroid anti-inflammatory drugs (NSAIDs) and 
inhibitor of HDACs, such as SAHA on methylation status of IL-1β and TNF-α genes 
promoters were investigated by methylation-specific polymerase chain reaction (MSP) 
analysis. The obtained results demonstrate that SAHA in combination with NSAID 
effectively decrease levels of unmethylated CpG sites of IL-1β gene promoters and increases 
the levels of methylated CpG sites, while such changes are less visible in TNF-α; These 
changes correlate with different states of pain. 

Key words: IL-1β, TNF-α, SAHA, pain 

Chronic inflammatory pain remains the largest cause of mortality globally. This is mainly 
due to our limited understanding of the molecular mechanisms that underlie these 
complex pathologies. The available evidence indicates that studies of chronic 
inflammatory pain are associated with excessive expression of pro-inflammatory 
cytokines, chemokines, vasoactive peptides, and various chemical mediators [5, 10]. Pro-
inflammatory cytokines and their receptors have been found in the CNS. For example, IL-
1β’s receptor IL-1R1 has been localized to the spinal dorsal horn and brain [4, 9, 13]. 
Recent studies suggest that the expression of these mediators is altered by the 
dysregulation of epigenetic mechanisms, such as DNA methylation and histone 
modifications in tumor tissues [12]. Most pain researches have traditionally focused on 
understanding the underlying genomics and pharmacogenetics of injury, inflammation 
and pain, on the other hand, epigenetics provides an important paradigm to explore the 
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plasticity of the nervous system [1-3, 6, 10]. All along the nociceptive pathway, from 
periphery to cortex, a wide range of molecular mechanisms exist to either facilitate or 
inhibit the processing of pain messages [3, 7]. In the present study we evaluate DNA 
methylation status in the promoter regions of IL-1β and TNF-α genes in the hippocampus 
in adjuvant induced pain model. 

MATERIAL AND METHODS 

Adult rats receiving emulsion complete Freund's adjuvant (CFA) in the tail were 
tested for antinociception using thermal and mechanical paw withdrawal tests. 

Animals 

The experiments were carried out on Wistar rats, weighing 200-250 g and bred at Iv. 
Beritashvili Center for Experimental Biomedicine. Collagen-induced arthritis (CIA) is the 
most commonly studied experimental model of rheumatoid arthritis. The rats were 
immunized by an emulsion of complete Freund's adjuvant (CFA, 4 mg/ ml) and type II 
collagen (lyophilized form, 4 mg/ml). An injection site was about 1.5 cm distal from the 
base of the tail 150 µl volume intradermally. Six rats were used for each experimental 
and control groups. All procedures adhered to the Guidelines of the International 
Association for the Study of Pain regarding animal experimentation [14] and were 
approved by Institutional Animal Care and Use Committee of the Beritashvili 
Experimental Biomedicine Center. 

Drug administration 

Ketorolac (Ketorolac tromethamine 12 mg/kg, Latvia) was injected intraperitoneally (ip). 
Saline (BioPharma, Ukraine) was injected in the same volume and manner in a separate 
group of rats for control. The antinociceptive dose of ketorolac was clinically relevant, 
corresponding to maximal daily doses used in human patients. The doses were calculated 
by scaling human daily dosages to rat body weight once a day for three days pretreated ip. 
with SAHA (suberanilohydroxamic acid 5-50 mg/kgs.c.) prior of nociceptive tests. 

Behavioral testing/Nociceptive testing 

On rats receiving emulsion complete Freund's adjuvant (CFA) in the tail, two behavioral 
models were used: Thermal paw withdrawal (Hargreaves) and Mechanical paw 
withdrawal (von Frey) tests (IITC, Woodland Hills, CA, USA). Prior to initiating the 
tests, baseline values were assessed for the experimental and control rats for thermal and 
mechanical withdrawal tests with 10 min intervals between tests. 

Measurement levels of methylation in promoter regions of IL-1β and TNF-α genes 

Samples of the hippocampus were obtained from all experimental rats. Genomic DNA 
from the hippocampus were purified and subjected to bisulfite modification using EpiTect 
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Fast Bisulfite Kit (Qiagen, USA). The basis of the assay is that sodium bisulfite converts 
all cytosines except those in methylated CpG regions to uracil. The effect of non-steroid 
anti-inflammatory drugs (NSAIDs) and SAHA on methylation status of IL-1β and 
TNF-α promoters were investigated by methylation-specific polymerase chain reaction 
(MSP) analysis. Primers for amplifying methylated and unmethylated sequences were 
purchased from IDT (Integrated DNA Technologies, Inc. Coralville, Iowa, USA). The 
sequences for the primers are provided in the Table 1. 

Table 1 

Primers for amplifying methylated and unmethylated sequences 

TNF-α   Unmethylated Forvard primer : TTGAGATGTGTTGTAATTAAGATGA 
Reverce primer: AAACTCAACCCTAAAAATTCACAAA 

TNF-α   Methylated  Forvard primer: TTGAGATGTGTTGTAATTAAGACGA 
Reverse primer : ATAAACTCAACCCTAAAAATTCACG 

IL-1β  Unmethylated Forvard primer: GTGGTAGTTATTTATGTTTTGTTTGT 
Reverce primer: AAACATTTTTATTATTCATCTCAAA 

IL-1 β  Methylated  Forvard primer: TGGTAGTTATTTATGTTTTGTTCGT 
Reverce primer: AAACATTTTTATTATTCATCTCGAA 

The reaction conditions for the PCR were as follows: 95°C for 3 minutes and 35 cycles of 
94°C for 45 seconds, 55°C for 1 minute, and 72°C for 45 seconds, followed by 72°C for 5 
minutes and then a hold at 4°C. After PCR amplification, 10 µL product was separated by 
3% agarose gel electrophoresis (constant pressure, 100 V, 30 min.). The results were 
imaged with ultraviolet light and analyzed using a gel electrophoresis image analysis 
system. Bands were analyzed using GelQuant.NET program. 

Experimental procedures 

The first group of rats (saline-injected control group) was tested for baseline thermal 
withdrawal latency and mechanical withdrawal threshold. 

The second group of rats was injected CFA in tail, after creating the inflammatory lesion, 
thermal and withdrawal latency and mechanical withdrawal threshold (nociceptive tests) 
were tested. 

The third group of rats was injected CFA in tail, 30 min. pretreated intraperitoneally (ip.) 
with NSAID prior of nociceptive tests. 

The fourth group of rats was injected CFA in tail, once a day for three days pretreated ip. 
with SAHA prior of nociceptive tests. 

The fifth group of rats was injected CFA in tail, once a day for three days pretreated ip. 
with SAHA and prior 40 min. NSAID of nociceptive tests. 
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Statistical Analysis 

The data were expressed as means ± standard deviation (M ± SD). Statistical analyses 
were performed with the Statistics Package for Social Science (SPSS 12.0). The 
differences were considered statistically significant at p < 0.05. 

RESULTS 

In these experiments we tested SAHA alone and in combination with NSAID in complete 
Freund’s Adjuvant (CFA)-induced persistent inflammatory pain in rats and evaluate DNA 
methylation status in the promoter regions of IL-1β and TNF-α genes. After inflammatory 
lesions were done, paw withdrawal latency and thermal threshold were tested. The first 
set of rats represented control group, which were received only saline and were tested for 
baseline (both paws) thermal withdrawal latency and mechanical withdrawal 
threshold (Fig.1A, B). 
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Fig.1. Тhermal paw withdrawal latency (A) and mechanical paw withdrawal threshold 
(B) in control and CFA injected rats: baseline, CFA received rats, which pretreated with 
SAHA alone, NSAID alone, SAHA combined with NSAID on nociceptive tests 
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In the second group of rats intra-tail injection of CFA produces thermal mechanical or 
hyperalgesia (Fig. 1A, B), associated with an upregulation of IL-1β and TNF-α 
inflammatory cytokines in the brain structure such as the hippocampus (Fig. 2-A, B) 
(Tab. 2, 3). 

 
A 

 
B 

Fig. 2. (A) IL-1β and (B) TNF-α Promoter Methylation Level in Chronic Inflammatory Pain 
Model in the hippocampus. M – Methylated, U – Unmethylated, NC – Negative Control 

The third group of rats was pretreated with i.p. NSAID during CFA test; in this 
experiment we found that injection of i.p. Ketorolac produced antinociception, as 
detected by increase the threshold and latency in mechanical and thermal pain to the 
baseline control of intact rats (Fig. 1A, B). The differences between the level of 
unmethylated and methylated CpG sites in the promoters of IL-1β and TNF-α genes were 
not observed; Separate injection of SAHA attenuated CFA-induced thermal and 
mechanical hyperalgesia, as well as the observed differences between the levels 
of unmethylated and methylated CpG sites in the promoters of IL-1β only and did not 
affect on TNF-α genes (Fig. 2A, B) (Tab. 2, 3). Moreover, our results demonstrate that 
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SAHA, in combination with NSAID, effectively increased thermal withdrawal latency 
and mechanical withdrawal threshold compare to baseline, as well as CFA received 
rats (Fig.1A,B). It should be noted that there is also observed decreased levels of 
unmethylated and increased levels of methylated CpG sites of IL-1β gene promoter. 
However, this combination had less influence on methylation levels of TNF-α gene (Fig. 
2A, B) (Table 2, 3), which correlated with different states of pain (Fig. 1A,B). 

Table 2 

Methylation frequency of the promoter region of IL-1β, % 

 NC INF SAHA NSID SAHA + NSAID 

U 21.1 ± 12.2 68 ± 17.1 57 ± 11.8 49 ± 16.3 32 ± 11.4 

M 83.3 ± 16.8 18 ± 14.2 42 ± 12.6 35 ± 15.1 58 ± 10.4 

All data are summarized as the mean and standard deviations. P < 0.05 was considered statistically 
significant. U – Unmethylated, M – Methylated, NC – Negative Control 

Table 3 

Methylation frequency of the promoter region of TNF- α, % 

 NC INF SAHA NSID SAHA + NSAID 

U 18.1 ± 16.2 64 ± 15.0 47 ± 10.4 41 ± 15.4 29 ± 16.6 

M 75.3 ± 12.1 24 ± 12.8 52 ± 14.5 37 ± 11.1 62 ± 15.1 

All data are summarized as the mean and standard deviations. P < 0.05 was considered statistically 
significant. P>0.05. U – Unmethylated, M – Methylated, NC – Negative Control 

DISCUSSION 

Direct injection of IL-1β into the CNS has been shown to produce hyperalgesia and 
enhanced neuronal responses in animals [8, 9, 11]. In addition to the evidence cited 
above, suggesting that administration of IL-1β in CNS can induce pain states, there exist 
data suggesting that IL-1β act in the CNS and can contribute to nociceptive responses in 
animal models of pain. We tested the hypothesis that epigenetic mechanisms in the brain 
and the immune system associated with chronic pain. Epigenetic alterations may 
contribute to the generation and maintenance of inflammatory pain [1-3]. Our data 
suggest that changes in IL-1β and TNF-α genes expression in the hippocampus that are 
associated with chronic pain conditions, maybe mediated by epigenetic mechanisms, 
such as histone modification and DNA methylation. The evidence presented in our 
data shows the effects of histone modification and DNA methylation on the expression of 
pro-inflammatory cytokines. This study supports the plausibility that HDAC inhibitor 
SAHA can modify nociceptive response and have analgesic inhibition through phar-
macological modulation of acetylation and indirectly is involved in DNA methylation 
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processes, however this mechanism remains unclear. These results provide important 
evidence for further studies to determine the molecular mechanisms underlying the 
influence of HDACs inhibitors on DNA methylation status, which correlates with 
different states of pain. 
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IL-1β da TNF-α genebis meTilaciis statusi 

anTebiTi tkivilis modelSi 
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reziume 

warmodgenil kvlevaSi Seswavlil iqna dnm-is meTilirebis statusi IL-1β 
da TNF-α genebis promotorul ubnebSi da histon deacetilazas (HDACs) 
cvlilebebi freindis adiuvantiT inducirebuli anTebiTi tkivilis mo-

delSi. antinocicefciis Sefaseba xdeboda Termuli da meqanikuri 

TaTis awevis testebis gamoyenebiT. Tavis tvinis qsovilidan – 

hipokampidan miRebuli genomuri dnm muSavdeboda bisulfitiT EpiTect Fast 
Bisulfite Kit (Qiagen, USA)-is gamoyenebiT. arasteroiduli anTebis sawinaaRm-

dego wamlebisa (NSAID) da HDAC-s inhibitoris, SAHA-s efeqti IL-1β da 
TNF-α genebis promotorebis meTilirebis statusze Seswavlil iqna me-

Tilireba-specifikuri polimerazuli jaWvuri reaqciis analiziT. histon-

deacetilazas doneebis gansazRvra ganxorcielda imunofermentuli ana-

lizis test sistemiT (Aviva Systems Biology ELISA Kit, USA). miRebuli Sede-

gebiT gamovlinda, rom CFA testis dros IL-1β-s da TNF-α-s genebis promo-
torSi arameTilirebuli CpG saitebis doneebi gazrdilia; SAHA-s da 

NSAID-is kombinirebuli moqmedebiT mcirdeba IL-1β-s arameTilirebulis da 

izrdeba meTilirebulis CpG saitebis doneebi, amave dros, TNF-α-Si aseTi 
cvlilebebi naklebad aRiniSneba; es cvlilebebi korelaciaSia tkivilis 

sxvadasxva mdgomareobebTan. 
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Нана Циклаури2,  Гулнази Гурцкая2,  Марина Девдариани2,   
Мераб Цагарели1, 2 
1 Тбилисский государственный медицинский университет, 2 Центр экспериментальной 
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РЕЗЮМЕ 

В настоящем исследовании изучали уровень метилирования промоторных областей генов 
IL-1β и TNF-α, а также изменения гистоноацетилазы (HDACs) в модели Адъювант Фрeйнда – 
индуцированной боли. Взрослые крысы, подвергшиеся действию эмульсии адъюванта 
Фрeйнда (CFA) на хвосте, были тестированы на антиноцицепцию с помощью тепловых и 
механических тестов лапы. Геномная ДНК из мононуклеарных клеток периферической 
крови (PBMC) и мозговых тканей ростровентральной области ядра (RVM) и гиппокампа 
были обрабoтаны бисульфитной модификацией с помощью EpiTect Fast Bisulfite Kit 
(Qiagen, США). Влияние нестероидных противовоспалительных препаратов (NSAID) и 
ингибитора HDAC, таких как SAHA, на статус метилирования генов IL-1β и TNF-α 
исследовали методом анализа метилирования-специфичных полимеразной цепной реакций 
(PCR). Измерение HDAC1 проводилось с использованием ELISA Kit (Aviva Systems 
Biology, США). Полученные результаты показывают, что SAHA в сочетании с NSAID, 
эффективно снижает уровни неметилированных CpG-сайтов промоторов IL-1β и и 
увеличивает уровни метилированных сайтов CpG, тогда как такие изменения менее заметны 
при TNF-α, что коррелирует с различным состоянием боли. 
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universiteti `geomedi~, Tbilisi 

warmodgenili masala gviCvenebs, rom miRebulia uaRresad saintereso 

Sedegebi Rerovani ujredebiT pacientTa Terapiis mizniT, rac momavalSi 

dazianebuli qsovilebis reabilitaciis fundamenturi teqnologiebis da-

muSavebis perspeqtivebs gvisaxavs. 

aqve unda SevniSnoT, rom moxalise adamianebze miRebuli warmatebuli 

Sedegebis miuxedavad, am mimarTulebiT jer kidev bevri ramaa gasakeTe-

beli da is biomedikosebis mxriv seriozul fundamentur kvlevas moi-

Txovs. 

sakvanZo sityvebi: pankreasis Rerovani ujredebi, hematopoezuri ujredebi, 

mezenqimuri Rerovani ujredebi 

bolo xanebSi gansakuTrebul yuradRebas iqcevs Rerovani ujredebi, 

romlebic gamoirCeva mizanmimarTuli TviTganaxlebis da momwife-

buli specializebuli ujredebis warmoqmnis unariT. Rerovani 

ujredebis daniSnulebaa saWiroebisas organizmis qsovilebSi da-

zianebuli ujredebis regeneracia. Rerovani ujredebis formireba 

iwyeba embrionis ganviTarebis me-5-14 dRes da sxva qsovilebisgan 

gansxvavebiT, kultivaciis specialur pirobebSi maT aqvT poten-

ciuri unari warmoqmnan cocxali organizmebisTvis damaxasiTebeli 

yvela tipis ujredebi. mozrdili organizmebidan gamoyofili 

Rerovani ujredebiT ki xdeba im ZiriTadi qsovilis dazianebuli 

ujredebis aRdgena, saidanac maTi gamoyofa moxda. 

me-20 saukunis 60-iani wlebidan Rerovani ujredebi warmatebiT 

gamoiyeneba iseTi umZimesi daavadebebis samkurnalod, rogoricaa 

leikemiebi, limfomebi, Tandayolili imunodeficitebis da anemiebis, 

lizosomuri daavadebebis da sxv. Rerovani ujredebiT mkurnaloba. 

Rerovani ujredebi praqtikulad genoTerapiuli xasiaTisaa im gan-
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sxvavebiT, rom maTi genmodificireba mizanmimarTulad xdeba endo-

genurad Sinagani signalebis zemoqmedebis pirobebSi. 

Rerovani ujredebi aradiferencirebuli, araspecializebuli uj-

redebia, romlebic sxvadasxva tipis qsovilebSi CarTvisa da 

dazianebuli qsovilebis da organoebis reparaciis unars emsa-

xureba. sayuradReboa, rom Rerovani ujredebis inficireba viru-

sebiT ar xdeba, ris gamoc gamoirCeva gansakuTrebuli rezisten-

tuli unariT daavadebebis gamomwvevebis mimarT. Rerovani ujredebi 

SeiZleba ganvixiloT, rogorc adamianis ,,saTadarigo" nawilebi, 

romelTagan, maTi ganTavsebis mixedviT, SeiZleba formirebul iqnas 

nebismieri tipis sareabilitacio ujredi. dReisTvis sxvadasxva 

qsovilebidan gamoyofilia 9 tipis Rerovani ujredi. 

Terapiis mizniT Rerovani ujredebis gamosayeneblad umTavresi 

etapebia: zrdasruli da embrionuli qsovilidan Rerovani ujre-

debis gamoyofa, maTi gamravleba da qsovilebSi Seyvana. Aam SemTxve-

vaSi gamoiyeneba in vivo da ex vivo eqsperimentebi. Rerovani ujredebis 

inieqcias axdenen venaSi, kanqveS, Tavis tvinis specifikur ubnebsa 

da kunTebSi. mkurnalobis kursi, rogorc wesi, 2-3 Tvis gan-

mavlobaSi grZeldeba. 

samwuxarod, qsovilebsa da organoebSi Rerovani ujredebis rao-

denoba gansxvavebuli da Zalze mcirea. magaliTad, axalSobilebSi 

isini sakmao didi raodenobiTaa, 20-25 wlis asakis adamianebSi 

yovel 10000 da 100000 ujredze modis erTi Rerovani ujredi, 50 

wlis adamianebSi yovel 500000 ujredze mxolod 1 Rerovani ujredi 

iqna gamovlenili. rogorc Cans, asakis matebasTan erTad Rerovani 

ujredebis raodenoba mcirdeba, ris gamoc, asakis matebis Sesa-

bamisad, izrdeba aTerosklerozis, stenokardiis, parkinsonizmis, 

alcheimeris da sxva daavadebebis riski [2-5]. 

Rerovani ujredebis didi raodenobiT gamoyofis mizniT, upira-

tesad gamoiyeneba placenta-Wiplaris sisxli, orsuli qalis abor-

tirebuli masala da adamianis Zvlis tvini, vinaidan aseTi saxis 

saanalizo masalis mopoveba da kultivirebis gziT maTi gamravleba 

araa rTuli. adamianis Zvlis tvinidan gamoyofil Rerovan uj-

redebSi ganarCeven hematopoezur ujredebs, romelTagan sisxlis 

yvela saxis ujredi warmoiqmneba da mezenqimur Rerovan ujredebs, 

romelTa meSveobiT xdeba yvela saxis qsovilebis reparacia. 

bolo xanebSi gansakuTrebuli yuradReba miipyro cximovani qsovi-

lebis Rerovanma ujredebma, rac imis garantias iZleva, rom Ti-

Toeuli pacienti SeiZleba sakuTari sxeulisTvis saWiro Rerovani 
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ujredebis donori gaxdes da Tavidan iqnas acilebuli iseTi se-

riozuli problema, rogoricaa `imunuri konfliqti~. 

Rerovani ujredebis gamoyofaSi gansakuTrebuli mniSvneloba eni-

Weba ujredis zedapirul markerebs, romelTa meSveobiT afinuri 

qromatografiis principebis da specifikuri ligandebis gamoyenebiT 

SesaZlebelia saTanado matareblebze maTi mobilizacia da hap-

tenebiT Semdgomi gamoyofa. 

aRniSnul principze dayrdnobiT gamoyofilia da homogenuri sa-

xiTaa miRebuli mravali qsovilis Rerovani ujredebi. 

mezenqimuri Rerovani ujredebiT [4, 5] Terapiis mizniT (Zvlis for-

mireba, Zvlis tvinis transplantacia, diabeti, gulis daavadebebi) 

dadgenil iqna maTi dadebiTi gavlena. magaliTad, gulis dazia-

nebul ubanSi aRiniSna mezenqimuri Rerovani ujredebis gaZlie-

rebuli akumulacia. 

aRniSnulTan dakavSirebiT, ukanasknel xanebSi gansakuTrebuli yu-

radReba miipyro im faqtma, rom mikrogaremos biologiuri sig-

nalebis zemoqmedebiT, kancerogenuli qsovilebidan momzadebuli 

da transplantirebuli Rerovani ujredebidan SesaZlebelia mi-

Rebul iqnas normaluri, janmrTeli ujredebi. masStaburi kvlevebi 

mimdinareobs Rerovani ujredebiT avTvisebiani simsivneebis mkur-

nalobis mizniTac. 

embrionuli Rerovani ujredebis kidev erTi gansakuTrebuli Tvi-

sebaa in vitro pirobebSi kultivaciisas nervul da hematopoezur 

ujredebTan Serwymisa da birTvis reprogramirebis unari. 

Rerovani ujredebis bioqimiuri maxasiaTeblebis da sxvadasxva 

saxis ujredebad maTi transformirebis unaris aRmoCenis Semdeg 

daiwyo fundamenturi kvlevebi ujreduli bioteqnologiisa da 

genuri da ujreduli inJineriis meTodebis gamoyenebiT. 

mravali mecnieri fiqrobs, rom Rerovani ujredebiT mkurnaloba, 
anu `regeneraciuli medicina~ samomavlod erT‐erTi perspeqtiuli 

mimarTulebaa. 

axla ukve cnobilia sakmaod gaxmaurebuli ex vivo eqsperimentis 

Sedegi, romelic parkinsoniT daavadebul adamianebze iqna Catarebuli. 

Tavis tvinis biofsiuri masalidan momzadebuli Rerovani ujre-

debidan in vitro kultivirebis pirobebSi miRebul iqna ramdenime milioni 

ujredi, romelTa 20% Camoyalibda specializebul aqtiur neironebad. 
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1999 wels msgavsi ujredebi transplantirebul iqna adamianis Tavis 

tvinSi. 3 Tvis Semdeg pacientis motoruli aqtioba 37%-iT, xolo 

dofaminis raodenoba 56%-iT gaizarda. erTi wlis Semdeg sam-

kurnalo preparatebis gamoyenebis gareSe pacientis mdgomareoba 

87%-iT gaumjobesda. 

sietlSi, vaSingtonis samedicino centrSi, gafantuli skleroziT 

daavadebul 26 avadmyofze Zvlis Rerovani ujredebis gamoyenebiT 

Catarebul iqna ujreduli Terapia. 20 pacientSi moxda procesis 

stabilizacia, 6-Si mdgomareoba gaumjobesda. mkurnaloba kidev 

ufro efeqturi aRmoCnda axalgazrdebSi, roca daavadeba jer kidev 

ar iyo Camoyalibebuli. 6 Tvis Semdeg pacientebSi saerTod ar 

SeimCneoda raime saxis darRveva. 

2001 wels gamoqveynda cnoba imis Sesaxeb, rom qveda kidurebis damb-

liT daavadebul adamianSi sisxlis Rerovani ujredebis inieqciis 

Semdeg pacientma SeZlo TiTebisa da kidurebis amoZraveba. Wiplaris 

sisxlis Rerovani ujredebiT reabilitirebuli iyo avTvisebiani 

simsivniT darRveuli imunuri sistemis moqmedeba. 

Tagvis Tavis tvinidan momzadebuli Rerovani ujredebiT SesaZle-

beli gaxda virTagvas paralizebuli kidurebis nawilobrivi aR-

dgena. ufro metic, Rerovani ujredebiT dRes ukve moxerxda 2 sm 

sigrZis dazianebuli Tu gadatexili zurgis tvinis reabilitacia. 

citologiuri analizis safuZvelze naCveneb iqna, rom inieqci-

rebuli ujredebis 30% Cainerga zurgis tvinSi da moxda zurgis 

tvinis tipur ujredebad formireba, gaZlierda mielinis sinTezi. 

marTalia ukve mopovebulia mravali seriozuli warmateba uj-

redul TerapiaSi, magram problemad rCeba, Tu rogor aviciloT 

simsivnis ganviTareba da imunuri pasuxebi transplantirebuli uj-

redebis mimarT, rogor gadavwyvitoT adamianis eTikis, mecnierebisa 

da biznesis SeTavsebadoba. 

dRes msoflioSi arsebobs 100-de hembanki, sadac upiratesad inaxeba 

Wiplaris sisxli. aSS‐Si arsebobs 2 kompania – Sirius da Therapeutics 
Inc., romelTa firmebSi inaxeba da gayidvaSia adamianis mezenqimuri 

Rerovani ujredebi Zvlisa da SemaerTebeli qsovilebis reabili-

taciisTvis. 

hembankebSi Rerovani ujredebi inaxeba -1960C-is pirobebSi rogorc 
saerTo sargeblobis, ise personaluri miznebisTvis. sagulisxmoa, 

rom Rerovanma ujredebma transformaciis unari gamoavlina 25 

wlis ganmavlobaSi gayinvis Semdegac. araa gamoricxuli, rom 
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gayinvis sworad SerCeuli teqnologiis pirobebSi Senaxvis dro 

SeiZleba kidev ufro gaizardos. 

momavalSi, Rerovani ujredebi personalurad iqneba gamoyenebuli 

Zmebis, debisa da axlo naTesavebis samkurnalod `imunuri kon-

fliqtis~ gareSe. 

dRes mkvlevarebi im daskvnamde mividnen, rom cocxal organizmebSi 

warmodgenili diferencirebis gansakuTrebuli unaris mqone e.w. 

Rerovani ujredebi sxvadasxva tipis ujredebad diferencireba xor-

cieldeba mikrogaremos gavleniT, Cveni azriT, in vivo xdeba Re-

rovani ujredebis mizanmimarTuli genmodificireba. 

rogorc Cans, es procesi gacilebiT aqtiurad mimdinareobs embrio-

nuli Rerovani ujredebis kultivirebisas sxvadasxva saxis biolo-

giurad aqtiuri nivTierebebis zemoqmedebis pirobebSi. axla ukve 

eWvs ar iwvevs is, rom embrionuli ujredebis specifikur 

ujredebad mizanmimarTuli diferencireba im bioqimiuri signalebis 

zemoqmedebazea damokidebuli, sadac isini ganTavsdebian da sadac 

xdeba genetikuri aparatis reprogramireba. 

eqsperimentulad damtkicebul iqna, rom mikrogaremos eniWeba wam-

yvani roli Rerovani ujredebis specifikur ujredebad mizanmi-

marTul reprogramirebaSi, rac proliferaciisa da diferencirebis 

saregulacio faqtorebiT xorcieldeba. ukve moxerxda dasxivebul 

virTagvebSi β-galaqtozidazas eqspresiis normalizacia janmrTeli 

organizmidan β-galaqtozidazas masinTezirebeli Rerovani ujre-

debis transplantaciiT. 

rodesac dipeptidilpeptidaza IV-is (DPPIV) mimarT mutantur vir-

TagvebSi transplantirebul iqna janmrTeli Tagvis Zvlis tvini, 

RviZlis ujredebSi gamovlinda dipeptidilpeptidazaPIV-ze pozi-

tiuri ujredebi. dadebiTi Sedegebi iqna miRebuli agreTve hemato-

poezuri ujredebis distrofin deficitur TagvebSi gadanergvisas. 

transplantaciis Sedegad mutanturi Tagvis kunTebSi gamovlinda 

X-qromosomuli pozitiuri birTvebic. 

Rerovani ujredebis kulturaSi proliferaciisa da diferenci-

rebis meqanizmebis SeswavlaSi gadamwyveti roli Seasrula trans-

kripciis faqtorebma. rogorc gairkva, satranskripcio aqtivato-

rebisa da represorebis Tanaobisas, arsebiTad icvleba ujredis 

formirebis mimarTuleba. Aamitom, Rerovani ujredebis transfor-

maciis regulaciis meqanizmebis dadgena erT-erTi aqtualuri 

problema gaxda rigi samedicino sakiTxebis gadawyvetisas. am mov-
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lenas safuZvlad daedo genebis mizanmimarTuli programirebuli 

eqspresia transkripciis faqtorebis genomTan specifikuri zemoq-

medebis gziT. 

kaliforniis teqnologiuri institutis mecnierebma SeimuSaves 

Tavis tvinis Rerovani ujredebis swrafi gamravlebis teqnologia, 

rac mravali nevrologiuri daavadebis gankurnebis perspeqtivebs 

gvisaxavs. Tagvis Tavis tvinis specifikur ubanSi Seyvanili iyo 

leikemiis inhibirebis faqtori. Sedegad, Rerovani ujredebis gamrav-

lebis siCqare, normasTan SedarebiT, daaxloebiT 6-jer gaizarda. 

adamianis embrionis Rerovani ujredebi Seiyvanes Roris dazianebul 

gulSi, sadac Rerovanma ujredebma SeinarCuna sicocxlisunaria-

noba, funqciobdnen normalurad da moxda gulis ujredebad maTi 

formireba da gulis qsovilebTan integracia. 

Sveicarielma mecnierebma in vitro pirobebSi Rerovani ujredebidan 

`gamozardes~ gulis sarqveli dazianebuli gulis protezirebis-

Tvis. misi gamoyenebis didi perspeqtiva daisaxa gulis mankiT daba-

debul bavSvebSi implantirebis mizniT, rac realurad xorciel-

deba gulis sarqvelebis Secvlis mizniT. sensaciuri Sedegebi iqna 

miRebuli Rerovani ujredebiT parkinsonizmis mkurnalobis mizniTac. 

1970 wlidan daiwyo Tagvis Tavis tvinSi adamianisa da Roris Cana-

saxidan gamoyofili Tirkmelzeda jirkvlis dofaminmasinTezire-

beli ujredebis transplantacia. 

virTagvebis SemTxvevaSi, in vitro kulturebis cdebSi moxda embrio-

nuli Rerovani ujredebis dofaminmasinTezirebel ujredebad di-

ferencireba, rac udides warmatebad iqna miCneuli (http://www.csa.-
com/discovery guides/stemcell/overview.php). 

aRniSnulidan gamomdinare, parkinsonizmis samkurnalod damuSavda 

dofaminis masinTezirebeli ujredebis momzadebis uaxlesi teqno-

logia. adamianis embrionidan momzadebul iqna Rerovani ujredebi. 

ujredebis gasaaqtiveblad gamoiyenes Zvlis morfogenetikuri ci-

lis antagonisti nogini (Noggin). noginis Tanaobisas SesamCnevad 

gaaqtivda neiroepiTeluri winamorbedi ujredebis generacia, ro-

melTagan moxda dofaminerguli neironebis formireba. praqtikulad 

ganxorcielda genebis mizanmimarTuli reprogramireba. 

moxda dofaminerguli neironebis formireba. avtorebi mividnen im 

daskvnamde, rom adamianis embrionuli Rerovani ujredebiT parkin-
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sonizmis mkurnaloba erT-erT perspeqtiul mimarTulebad iqna aRia-

rebuli (http:/stemcells.alfamedpress.-org/cdi/content/abstract/2006,0380-v-1). 

Zvlis adipozur da xrtilis ujredebad diferencireba moxda spe-

cifikuri genebis mizanmimarTuli reprogramireba mimdebare ujre-

debiTa da qsovilis specifikuri biologiuri signalebis gavleniT. 

RviZli erT-erTi pirveli organo iyo, romelSic moxerxda Zvlis 

tvinis Rerovani ujredebidan hepatocitebisTvis damaxasiaTebeli 

specifikuri genis eqspresia da RviZlis funqciis normalizacia. 

rodesac parkinsoniT daavadebul adamianebSi Seiyvanes gliuri 

ujredebidan gamoyofili neirotrofuli faqtori (GDNF), erTi wlis 

Semdeg Tavis tvinSi sagrZnoblad gaizarda dofaminis raodenoba. 

parkinsoniT daavadebul pacientebSi neironuli Rerovani ujrede-

bis uSualod Tavis tvinSi Seyvanisas, simptomebis mixedviT, 1 wlis 

ganmavlobaSi mdgomareoba 80%-iT gaumjobesda. GDNF-is gavleniT 

moxerxda zurgis tvinis dazianebuli sensoruli aqsonis regeneracia. 

gansakuTrebuli interesi gamoiwvia im faqtma, rom, rodesac trans-
formirebuli oligodendrocitebi da astrocitebi (ex vivo) klo-

nirebuli saxiT transplantirebul iqna mielindeficituri Tag-

vebis parkuWebSi, Tavis tvinis qerqSi, hipokampsa da hipoTalamusSi 

moxda demielinizebuli aqsonis sruli remielinizacia. zrdis 

hormonis zemoqmedebis Sedegad, nervuli ujredebis winamorbede-

bidan formirebul iqna mielinizaciis unaris mqone oligoden-

drocitebi, romelTa raodenobam ujredebis saerTo raodenobis 80-

90% Seadgina. 

Zalze saintereso aRmoCnda cdebi adamianis Rerovani ujredebis in vitro 
Terapiuli klonirebisas. Terapiul klonirebaSi igulisxmeba soma-

turi ujredis birTvmocilebul oocitSi birTvis gadatana (genuri 

Terapia). blastocitis stadiaze izolirebuli Rerovani ujredebi 

transplantirebul iqna virTagvis RviZlSi. moxda Rerovani 

ujredebidan hepatocitebis diferencireba, romlebic integrirebul 

iqna cxovelebis dazianebul RviZlSi, RviZlis funqciuri mdgo-

mareoba mniSvnelovnad gaumjobesda. 

pankreasis Rerovani ujredebi 

rogorc zemoT aRvniSneT, arsebobs msgavseba RviZlisa da pan-

kreasul ujredebs Soris da maTi urTierTgardaqmnis SesaZleb-

loba. amitom araa gasakviri, rom SesaZlebeli gaxda pankreasuli 

Rerovani ujredebiT dazianebul RviZlSi nivTierebaTa cvlis 
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normalizacia. SesaZlebeli gaxda, agreTve, Tavad pankreasuli 

Rerovani ujredebiT pankreasSi insulinis sinTezis gaaqtiureba, 

rac glukozis koncentraciaze damokidebuli aRmoCnda. gairkva, 

rom Tavad pankreasSia warmodgenili Rerovani ujredebis wina-

morbedi ujredebi, romelTa meSveobiT SesaZlebelia kunZulebis 

regeneracia in vitro da in vivo pirobebSi da diabetiT daavadebuli 

Tagvebis gankurneba. 

Zalze saintereso aRmoCnda in vitro eqsperimentebi, romelSic naCveneb 

iqna hormonis gavleniT Tagvis nawlavis epiTeluri Rerovani 

ujredebis insulinis masinTezirebel ujredebad gardaqmna da maTi 

implantaciis Sedegad diabetiT daavadebuli Tagvebis gankurneba. 

rodesac genetikuri inJineriis meTodebis gamoyenebiT RviZlis 

ujredebSi in vitro pirobebSi CarTes pankreasuli geni PDX-1, moxda 
insulinis masinTezirebeli ujredebis formireba. diabetiT daava-

debul TagvebSi maTi inieqciis Sedegad aRiniSna sisxlSi glukozis 

koncentraciis normalizacia. 

rogorc warmodgenili masalidan Cans, miRebulia uaRresad sain-

tereso Sedegebi Rerovani ujredebiT Terapiis mizniT, rac mo-

mavalSi dazianebuli qsovilebis reabilitaciis fundamenturi teq-

nologiebis damuSavebis perspeqtivebs gvisaxavs. 

aqve unda SevniSnoT, rom moxalise adamianebze miRebuli warmate-

buli Sedegebis miuxedavad, am mimarTulebiT jer kidev bevri ramaa 

gasakeTebeli da is biomedikosebis mxriv seriozul fundamentur 

kvlevas moiTxovs. 
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БИОХИМИЧЕСКАЯ ХАРАКТЕРИСТИКА СТВОЛОВЫХ КЛЕТОК 
И ИХ ИСПОЛЬЗОВАНИЕ В ТЕРАПИИ 

Нугзар Алексидзе,  Марина Пирцхалава 

Университет «Геомеди», Тбилиси, Грузия 

РЕЗЮМЕ 

Как видно из приведенного краткого обзора, чрезвычайно интересные результаты были 
получены при терапии стволовыми клетками, которая рассматривает перспективы развития 
фундаментальных технологий для восстановления поврежденных тканей в будущем. 

Следует также отметить, что, несмотря на успешные результаты, полученные на добро-
вольцах, многое еще предстоит сделать в этой области, что требует серьезных фундамен-
тальных исследований в сфере биомедицины. 

BIOCHEMICAL CHARACTERIZATION OF STEM CELLS 
AND THEIR USE IN THERAPY 

Nugzar Aleksidze,  Marina Pirtskhalava 

University “Geomedш”, Tbilisi, Georgia 

SUMMARY 

As can be seen from this brief review, extremely interesting results have been obtained with stem 
cell therapy, which considers the prospects for the development of fundamental technologies for 
the restoration of damaged tissues in the future. 

It should also be noted that, despite the successful results obtained in volunteers, much remains to 
be done in this area, which requires serious basic research in the sphere of biomedicine. 
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SYNTHETIC CANNABINOIDS AND STROKE IN YOUNG 
(CASE REPORTS) 

Maia Beridze,  Mariam Kekenadze,  Tamar Losaberidze,  Omar Samushia 

The First University Clinic of Tbilisi State Medical University, Georgia 

Synthetic cannabinoids, i.e. “spices” are psychoactive drugs with harmful neuropsychiatric 
and physical side effects. They supposed to be involved in neurovascular complications 
among the young. They don’t contain Cannabidiol (CBD), which realizes antipsychotic effect 
in natural cannabis. 

Purpose: The present study described stroke in young patients using SCBs and studied the 
cognitive status and depression at 3 months post stroke. 

Methods: Three investigated patients were male of Caucasian origin aged 26-34 years, 
treated at the Neurological Department of the First University Clinic of Tbilisi State Medical 
University in spring of 2019. The first patient 31 years old, had sudden onset of left 
hemiparesis and hemihypoesthesia. MRI (1.5T) revealed acute ischemic lesion in the right 
frontal-temporal lobe. The second patient, aged 34 years, developed sudden imbalance with 
ischemic area in the left cerebellum hemisphere on MRI. The third, 26 years old patient 
developed right side hemiparesis and motor aphasia. CT showed ischemic lesion in the left 
frontal lobe. Major risk-factors: Inheritance, hypertension, atherosclerosis, diabetes 
mellitus, cardiac pathologies including patent foramen ovale, smoking, alcohol abuse, 
chronic vasculitis, as well as longevity of SCB usage investigated. Neurological status was 
evaluated by NIHSS. Disability was assessed by modified Rankin Scale (mRS), cognition was 
researched by Mini Mental Examination Scale (MMSE), mood was evaluated by Beck’s 
Depression Inventory (BDI). The statistics was performed by Mann-Whitney U test. 

Results: All three patients had no major risks developing ischemic stroke except of abusing 
SCB. At three months post stroke mild/moderate depression found in all patients [BDI – 
18(2.5)], disability was average [mRS – 2.7(1.3)], MMSE – 16 (3.5), NIHSS – 10 (3.8). Data 
represent median (interquartil ranges). SCB type was similar in all patients and usage 
longevity was 6 (2.4) years. Stroke cognitive decline at 3 months was mild/moderate and 
positively related with Bio usage longevity. 

Conclusion: According to the present research, SCB carries the independent risk for acute 
ischemic stroke with consequent impact on cognition. Further research is required for 
proving this tendency. 

Key words: Stroke, ischemia, cannabis, spices, cognition 
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As known, synthetic cannabinoids (“Spice”) are psychoactive drugs with increasing use 
worldwide. They are linked with many adverse effects, including seizures and myocardial 
infarction [9]. However, there are only single reports in scientific medical literature 
concerning the cerebral infarction associated with synthetic marijuana use [20]. Common 
side effects of “spice” include tachycardia, vomiting, agitation, confusion, and hallu-
cinations. Furthermore, a number of spice-associated deaths have been reported in 
literature [8]. The natural cannabis psychotic effects include relaxation, euphoria, 
agitation (laughter), philosophic mood, increased appetite, as well as paranoia in several 
cases. No significant abstinence is reported as for smoking or alcohol abuse [12]. The 
active psychotic component of natural cannabis is the trans-∆9- tetrahydrocannabinol that 
effects the endocannabinoid system or CB1 receptors found in limbic system 
(hippocampus), basal ganglion (striatum), cerebellum, eye retina producing Anandamide. 
It functions like neurotransmitters sending the chemical messages between nerve cells 
that influence pleasure, memory, thinking, concentration, etc. [17]. Natural cannabis also 
contains cannabidiol (CBD), which acts as CB1, CB2  receptor antagonist and inhibits the 
cognitive deterioration due to cannabis, prevents the damage. The first working memory 
assists to the good sleep pattern, and reveals the antipsychotic effects. CBD does not exist 
in spices and the mind of abusers applying synthetic cannabinoids stay without any 
protection [18]. 

We purposed to investigate the synthetic canabinoids’ young abusers, who developed 
acute ischemic lesions in brain and their poststroke cognitive abilities. 

PATIENTS AND METHODS 

Present research describes three young patients with acute ischemic stroke admitted to the 
Neurological Department of the First University Clinic of TSMU during February-May of 
2019. The first patient, 31years old male was admitted at hospital with left side 
hemiparesis, hemianesthesia and dysartric speech. 

Severity of stroke evaluated by National Institute Health Stroke Scale (NIHSS = 12), risk-
factors of stroke (inheritance, hypertension, atherosclerosis, diabetes, cardiac pathologies, 
vasculities, smoking, alcohol abuse) found to be negative. Patient applied synthetic 
canabinoids (spices) for 2 years. Blood tests (general test, coagulation, electrolytes, glu-
cose, creatinine) did not show significant alterations. Transcranial Doppler, EEG, ECG, 
Transesophagal echocardiography did not reveal any significant pathologies. 

Cerebral CT scan showed hypodensity in right fronto-temporal area with mass-effect. On 
MRI (1.5 T – T2 flair, T2 weighted images) the hyperintensity in right fronto-temporal 
region with diffusion restriction was revealed (MRI scan 1) and homogenic 
hyperintensive signals for middle cerebral artery (MCI) were absent (MRI scan 2). Patient 
was treated by standard methods for ischemic stroke (antiplatelets, anticoagulants, 
osmodiuretics, neuroprotectors) and discharged on14th day from hospitalization with 
NIHSS = 8, modified Rankin Scale (mRS) = 3. 
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The second patient, 34 years old male, admitted at hospital at 10th hour poststroke with 
severe vertigo, dissociative left side hemiparesis with mostly hand involvement, dysartric 
speech, right side hemianopsia. NIHSS = 19. Among risk-factors: hypertension, 
atherosclerosis, diabetes, cardiac diseases, smoking or alcohol abuse, inheritance were 
researched. His wife reported the permanent usage of synthetic canabinoids (spice) for the 
last 5-6 years. Laboratory tests showed the hypercoagulation with PT- 108%, INR- 0.86, 
Fib-4.9g/l; Among ancillary investigations: Transcranialdopplerography showed no 
structural / atherosclerotic changes in carotid and vertebra-basilar arteries. On trans-
esophagal echocardiography there was no significant pathology, PFO-N; The patient had 
the negative dynamics and on the 4th day post stroke developed stupor. Brain CT found 
obstructive supratentorial hydrocephaly and cerebral edema (CT scan 3). The decom-
pressive trepanotomy was done and the patient was placed in reanimation department. 
After intensive and guideline treatment for stroke the patient discharged on 18 day with 
NIHSS = 14; mRs = 4. 

 
The third patient, 26 years old male was admitted at hospital 18th hour post stroke, who 
developed right side hemiplegia and slight motor aphasia (NIHSS = 14) with previous 
history of hallucinations. No risk-factors of stroke were noted (inheritance, hypertension, 
atherosclerosis, diabetes, cardiac pathology, chronic or acute inflammatory pathology, 
smoking, alcohol abuse) despite cannabis usage since 18 years old and switching on 
spices for last 4 years. From special blood tests (ANA, ANCA-found negative, blood 
coagulation – PT- 104%, INR- 0.99, Fib-4.2g/l; On Transcranial-Doppler – no significant 
pathology revealed. Brain CT showed ischemic lesion in the left frontal lobe. Trans-
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esophagal echocardiography showed no pathology, PFO-N; Patient was treated by stan-
dard guidelines and discharged with stroke consequences like right side hemiparesis and 
elements of motor aphasia on 14th day after stroke with NIHSS = 11; mRS = 3. 

All 3 patients were checked neurologically (NIHSS, mRS) on 3 months after stroke. The 
mood was researched by Beck’s Depression Inventory (BDI), cognitive status was 
evaluated by Mini Mental Examination Scale (MMSE). Statistics performed by Mann-
Whitney U test. Data were represented in median (interquartil ranges). 

Results: The median usage of spices in patients amounted 6 (2.4) years. At 3 months after 
stroke all three patients were assessed neurologically. The median NIHSS = 10 (3.8), the 
median disability status mRS = 2.7 (1.3). The median cognitive status of patients revealed 
the slight/moderate decline MMSE = 16 (3.5) and the mood investigation showed the 
mild/moderate depression, BDI = 18 (2.5); The spice (Bio) usage longevity had the 
significant impact on poststroke cognitive decline (p < 0.05). 

All 3 patients continued the rehabilitative treatment with massage, electrical stimulation, 
speech therapists. 

DISCUSSION 

The mechanism by which cannabis may cause ischemic stroke (IS) is not completely 
understood, but there are some suppositions. Endocannabinoid system or CB1 receptors 
are highly expressed in the brain, as well as in cardiovascular tissues and vascular vessels. 
Activation of these receptors modulates the cellular activity of the vessel wall, which may 
contribute to the pathogenesis of atherosclerosis [15]. The other mechanism can be the 
activation of platelets via CB1 and CB2 receptors, leading to increased GPIIb-IIIa 
expression and activation of factor VII, a potent thrombogenic protein [16]. 

Synthetic Cannabis may also trigger the reversible cerebral vasoconstriction syndrome 
(RCVS). The presence of multifocal intracranial stenosis was reported in 21 percent of 
marijuana users who presented with IS. This form of cerebral angiopathy appeared to be 
reversible in three to six months following cessation of marijuana usage. The authors 
found solitary focal stenosis or occlusion in 22.6 percent of IS patients, and RCVS – in 43 
percent of marijuana users [1]. 

As considered, RCVS triggered by cannabinoids may be a convincing mechanism of 
stroke in 27% of cases [19]. Besides this a cellular effect of cannabis on brain 
mitochondria was recently suggested in an experimental study [11]. One of the potential 
mechanisms resulting in stroke may be the generation of reactive oxygen species among 
the cannabis users leading to the oxidative stress, a well-known mechanism causing 
stroke in humans. Moreover, free radical pathology may easily develop in synthetic 
cannabis users, where the potential protection from Cannabidiol (CBD) is absent. CBD is 
the antagonist of CB1, CB2 receptors, protects neurons from damage and thus prevents 
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the cognition, short-term, working memory from injury. CBD has anti-psychotic effect 
and being the 5-HT1A receptor agonist assists production of serotonin [2, 4, 14]. 

In 2018 FDA fixed the presence of Brodifacoum, rat’s poison in several ,,spices”. 
Brodifacoum prolongs the euphoric effect of SCB-s, but can cause the hemorrhagic stroke 
and sudden death in abusers. It inhibits the enzyme vitamin K epoxide reductase and 
steadily decreases the level of active vitamin K in the blood. Vitamin K is required for the 
synthesis of prothrombin, which is involved in blood clotting. In addition, brodifacoum 
increases permeability of blood capillaries assisting to blood plasma and blood itself to 
leak from small blood vessels [10]. In presented clinical cases we could not find any other 
risk-factors for IS development but the relatively long-term usage of the spices. Neither 
had we found any spasms or vasoconstriction on Transcranial Doppler of above described 
patients. Though, this cannot exclude the possibility of RCVS transient attack that 
possible was resolved at the time of stroke patients’ relatively later admission to the 
hospital [6]. Slight hyper coagulation in blood tests of these patients could also assist to 
the clotting of constricted vessels [5, 7]. Slight/moderate depression is attributable to 
stroke, especially in young due to disability they faced. Poststroke cognitive changes are 
also well known but here we deal with young persons, who should have a big capacity of 
functional restoration. Synthetic Cannabis long-term usage can have serious impact on 
cognition of researched patients, if consider that spices don’t contain the inhibitory factor 
like CBD [8]. Though, several questions remained unresolved and further research is still 
needed. 

CONCLUSION 

According to present research SCB carries the independent risk for acute ischemic stroke 
with consequent impact on cognition. Further research is required for proving this 
tendency. 
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sinTezuri kanabinoidebi da insulti axalgazrdebSi 

(klinikuri SemTxvevebi) 

maia beriZe,  mariam kekenaZe,  Tamar losaberiZe,  omar samuSia 

Tbilisis saxelmwifo samedicino universitetis pirveli 

sauniversiteto klinika 

reziume 

sinTezuri kanabinoidebi, e.w. ,,sfaisebi~ warmoadgens fsiqoaqtiur saSua-

lebebs damazianebeli neirofsiqiatriuli da fizikuri gverdiTi efeqte-

biT. varaudoben, rom isini monawileoben axalgazrdebSi ganviTarebul 

neirosisxlZarRvovan garTulebebSi. ,,sfaisebi~ ar Seicavs kanabidiols, 

romelic axorcielebs antifsiqozur dacvas bunebrivi kanafis gamoye-

nebisas. 

mizani. mocemuli kvleva miznad isaxavda sinTezuri kanabinoidebis 

momxmarebel insultiT daavadebuli axalgazrda pacientebis klinikur 

daxasiaTebas, maTi kognituri statusis da guneba-ganwyobis Sefasebas in-

sultis ganviTarebidan 3 Tvis Tavze. 

meTodebi. samive Seswavlili pacienti iyo kavkasiuri warmoSobis 26-34 ww. 

mamakaci, romelnic 2019 w. gazafxulze mkurnalobdnen Tssu pirveli 

sauniversiteto klinikis nervul ganyofilebaSi. pirvel – 31 w. pacients 

ganuviTarda marcxenamxrivi hemiparezi da hemianesTezia. mrt-ze (1.5 t) 

aRiniSna tvinis iSemiuri dazianeba marjvena fronto-temporalur wilSi. 

meore – 34 w. pacients naTxemis marcxena hemisferoSi uecrad daewyo 

wonasworobis darRveva mrt-ze iSemiuri keris gamovleniT. mesame – 26 w. 

pacients ganuviTarda marjvenamxrivi hemiparezi da motoruli afazia. kt 

kvlevam aCvena iSemiuri kera marcxniv Sublis wilSi. pacientebTan gamo-

kvleuli iyo insultis ZiriTadi risk-faqtorebi: memkvidreoba, arteriuli 

hipertenzia, diabeti, gulis paTologiebi Ria ovaluri xvrelis CaTvliT, 
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Tambaqos da alkoholis moxmareba, qronikuli vaskulitebi, aseve sin-

Tezuri kanabinoidebis moxmarebis xangrZlivoba. nevrologiuri statusi 

Sefasda janmrTelobis nacionaluri institutis insultis (NIHSS) Ska-

liT. invalidobis Sesafaseblad gamoyenebuli iyo modificirebuli 

rankinis Skala (mRS). kognituri unarebi Sefasda mentalobis Sefasebis 

minimaluri (MMSE) SkaliT, guneba-ganwyoba Sefasda bekis (Beck’s) depre-
siis SkaliT (BDI). statistika Catarda Mann-Whitney U testis gamoyenebiT. 

Sedegebi. pacientebs ar daudgindaT iSemiuri insultis didi risk-faq-

torebi, garda sinTezuri kanabinoidebis moxmarebisa. insultidan 3 Tvis 

Tavze yvela pacients ganuviTarda ioli an saSualo simZimis depresia, BDI – 
18 (2.5), invalidoba Sefasda, rogorc saSualo simZimis [mRS – 2.7 (1.3)], 

MMSE – 16 (3.5); NIHSS – 10 (3.8). monacemebi warmodgenilia interkvortiluri 

saSualoebiT. pacientebi iyenebdnen sinTezuri kanabinoidis gavrcelebul 

tips (bio), gamoyenebis xangrZlivoba iyo 6 (2.4) weli. bio-s gamoyenebis 

xangrZlivoba mniSvnelovan zegavlenas axdenda insultis Semdgom kogni-

tur deficitze. 

daskvna. mocemuli kvlevis mixedviT, sinTezuri kanabinoidebi warmoadgens 

damoukidebeli riskis matarebels iSemiuri insultis ganviTarebisTvis 

negatiuri zegavleniT pacientTa kognitur unarebze. saWiroa Semdgomi 

kvlevebi am tendenciis dasadastureblad. 

СИНТЕТИЧЕСКИЕ КАННАБИНОИДЫ И ИНСУЛЬТ СРЕДИ МОЛОДЫХ 
(КЛИНИЧЕСКИЕ СЛУЧАИ) 

Майя Беридзе,  Мариам Кекенадзе,  Тамар Лосаберидзе,  Омар Самушия 

Первая университетская клиника Тбилисского государственного медицинского 
университета 

РЕЗЮМЕ 

Синтезные каннабиноиды, т.н. “спаисы” являются психоактивными средствами с побоч-
ными нейропсихическими и физическими эффектами. 

Предполагают, что они принимают участие в развитии нейроваскулярных осложнений у 
молодых. “Спаисы” не содержат каннабидол, который осуществляет антипсихотическую 
защиту при применении природной Конопли. 

Цель. Данное исследование описывает молодых пациентов с ишемическим инсультом, 
которые принимали синтетические каннабиноиды, изучается когнитивный статус и 
депрессия на третий месяц развития инсульта. 

Методы. Все три пациента были мужчинами кавказского происхождения от 26 до 34 лет, 
которые весной 2019 лечились в Неврологическом отделении Первой университетской 
клиники Тбилисского государственного медицинского университета. У первого пациента 
(31 год) развился левосторонний гемипарез и гемианестезия. МРТ (1.5 Т) головного мозга 
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показала ишемическое повреждение правого фронто-темпорального отдела. У второго – 34-
летнего пациента – внезапно началось нарушение равновесия, а на МРТ обнаружили 
ишемический очаг в левой гемисфере мозжечка. 

У третьего – 26-летнего пациента – развились правосторонний гемипарез и моторная 
афазия. КТ показала ишемический очаг в левой лобной доле. При исследовании учиты-
вались основные риск-факторы инсульта: наследственность, артериальная гипертензия, 
диабет, сердечные патологии, включая открытое овальное отверстие, употребление табака и 
алкоголя, хронические васкулиты. Выясняли длительность употребления синтетических 
канабиноидов.  

Неврологический статус оценили по шкале инсульта Национального института здоровья 
(NIHSS). Инвалидность проверили по модифицированной шкале Ранкина (mRS), 
когнитивные способности оценили с применением минимальной шкалы оценки 
ментальности (MMSE), а также использовали шкалу депрессии Бека (BDI). Статистику 
провели, применив Mann-Whitney U Тест. 

Результаты. Основные риск-факторы инсульта отсутствовали, кроме употребления син-
тетических каннабиноидов. По истечении 3 месяцев после развития инсульта, у всех 
пациентов обнаружили депрессию легкой и средней тяжести [BDI – 18 (2.5)], инвалидность 
по Ранкину mRS – 2.7(1.3), когнитивные способности MMSE – 16 (3.5) и неврологический 
статус NIHSS – 10 (3.8). Данные представлены межквартильными средними. Пациенты 
принимали одинаковые синтетические каннабиноиды (Био) в течение 6(2.4) лет. Длитель-
ность применения Био оказывала значительное влияние на постинсультный когнитивный 
дефицит. 

Заключение. По данному исследованию применение каннабиноидов является отдельным 
риск-фактором развития ишемического инсульта с последующим негативным влиянием на 
когнитивные способности. Для подтверждения данной тенденции требуются дальнейшие 
исследования. 
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intrakranialuri kolateralebis gavlena 

daavadebis gamosavalze Tavis tvinis 

mwvave iSemiuri insultis dros 

erekle gigiaZe 

k. erisTavis saxelobis eqsperimentuli da klinikuri qirurgiis 

erovnuli centri, Tbilisi 

kvlevis mizani. mwvave iSemiuri insultis Trombolizisis meTodiT mkur-

nalobisas intrakranialuri kolateralebi mniSvnelovan rols asrulebs 

daavadebis prognozirebaSi. Sedarebul iqna kolateralebis daTvlis 

sxvadasxva sistemebi da maTi kavSiri daavadebis gamosavalTan. 

masala da meTodebi. identificirebul iqnen pacientebi Tavis tvinis wina 

cirkulaciis mwvave iSemiuri insultiT, romelTac 2018 wlis oqtombridan 

2019 wlis dekembramde CautardaT Trombolizisi. CarTvis kriteriumi – 

pacientebi, visac mkurnalobis win CautardaT kt angiografia da Semdgom – 

Trombolizisi. gamoricxvis kriteriumi – orsulebi, dabali xarisxis 

angiografia, mxolod tvinis wina arteriis distaluri nawilis okluzia 

da is pacientebi, romelTa monitoringic ver moxerxda. 

Sefasebul iqna 76 pacienti, romelTac 2018-2019 periodSi Tavis tvinis mwvave 

iSemiuri infarqtis dros CautardaT mkurnaloba qsovilovani plaz-

minogenis aqtivatoris i/v inieqciiT. kolateralebis Sefaseba xorciel-

deboda Miteff-is, Maas-s, Tan-is modificirebuli sistemiT, aseve Alberta 
Stroke Program Early CT Score 20-quliani meTodologiiT. karg da mniSvne-

lovan cud gamosavlad CaiTvala gamosavali, Sefasebuli modificirebuli 

Rankin-s sistemiT 0-1 da 5-6 quliT, Sesabamisad, daavadebis dawyebidan 3 

Tvis Semdeg. 

Sedegebi. lojistikuri analizisas mxolod sisxlZarRvis rekanalizacia, 

kargi kolateralebi Miteff-is da Alberta Stroke Program Early CT Score 20-

quliani sistemiT daavadebis kargi gamosavlis damoukidebeli prediq-

torebi aRmoCnda. 

mwire kolateralebi Miteff-is, Maas-is sistemiT da ASPECTS meTodiT ≤ 5 
qula aris eqstremalurad cudi gamosavlis damoukidebeli prediqtori. 

daskvna. mxolod Miteff-is da Alberta Stroke Program Early CT Score 20-quliani 
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sistema intrakranialuri kolateralebisTvis aris kargi gamosavlis sa-

rwmuno niSani mwvave iSemiuri infarqtiT daavadebuli pacientebisTvis 

(wina cirkulacia), romelTac CautardaT Trombolizisi. am daavadebis 

cudi gamosavlis prognozireba SesaZlebelia arsebuli meTodebis 

umetesobis gamoyenebiT. 

sakvanZo sityvebi: intrakranialuri kolateralebi, mwvave iSemiuri in-

farqti, arteriis okluzia 

intrakranialuri arteriis okluzia wina cirkulaciis mwvave 

iSemiuri insultis klinikur manifestaciazea pasuxismgebeli, xolo 

arteriuli Trombis swrafi lizisi iwvevs swraf klinikur 

aRdgenas. amrigad, drouli rekanalizacia rCeba mwvave insultis 

ganyofilebebis mTavar sazrunavad. 

miuxedavad imisa, rom Tavis tvinis parenqimis iSemiuri dazianeba 

SezRudulia dazianebuli arteriis teritoriiT, neironebis da-

zianeba da misi klinikuri gamovlineba erTnairi ar aris pacien-

tebSi wina cirkulaciis mwvave iSemiuri insultiT, gansakuTrebiT 

intrakranialuri okluziis pirvel saaTebSi. kvlevebis detalurma 

analizma aCvena, rom Tavis tvinis infarqtis saboloo Camoyali-

bebamde procesi sakmaod variabeluria da SeiZleba grZeldebodes 

ramdenime saaTi da, SesaZlebelia, dRec [5] . 

ganurCevlad iSemiis meqanizmisa, sxvadasxva kolateralebis gzebi 

mobilizdeba Tavis tvinis iSemiuri dazianebis SemcirebisTvis. 

insultis klinikuri suraTis farTo variaciisTvis umetesad pasu-

xismgebelia kolateralebis raodenoba [5] . 

kolateralur cirkulacias sasicocxlo mniSvneloba aqvs sisxlis 

dinebis SenarCunebisTvis iSemiuri ubanSi mwvave, qvemwvave da qro-

nikul fazebSi iSemiuri infarqtis an gardamavali iSemiuri Setevis 

Semdgom. kargi kolateraluri cirkulaciis arsebobis SemTxvevaSi 

izrdeba keTilsaimedo gamosavlis albaToba (Zlierdeba endovasku-

laruli mkurnalobis efeqti, mcirdeba hemoragiuli transforma-

ciis ganviTarebis albaToba da insultis gameorebis riski pa-

cientebSi intrakranialuri aTerosklerozuli stenoziT, mcirdeba 

infarqtis moculoba iSemiuri insultis dros) [5] . 

amJamad, Tavis tvinis kolateraluri cirkulaciis Sefaseba aqtiuri 

kvlevis sagania. mwvave iSemiuri insultis dros, kolateralebis 

statusis Sefasebisa da prognozTan korelaciisTvis Catarda sxva-

dasxva kvlevebi [4]. 
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kolateraluri cirkulaciis statusi penumbris da nekrozis ubne-

bis arsebobisa da moculobis umniSvnelovanesi da ganmsazRvrelia. 

cerebraluri kolateraluri cirkulacia Sedgeba pirveladi, meo-

radi da mesame rigis kolateralebisgan. pirveladi kolateralebi 

miekuTvneba vilizis wris arteriul segmentebs. meorad kolate-

ralebSi Sedis leptomeningealuri da Tvalbudis arteriebis, aseve 

sxva distalur, wvrili kalibris arteriebs Soris anastomozebi. 

mesame rigis kolateralebs miakuTvneben angiogenezis Sedegad axal 

ganviTarebul mikrosisxlZarRvebs iSemiuri regionis periferiaze. 

masala da meTodebi 

identificirebulia pacientebi Tavis tvinis wina cirkulaciis mwvave 

iSemiuri insultiT, visac CautardaT Trombolizisi 2018 wlis 

oqtombridan 2019 wlis dekembramde. CarTvis kriteriumi iyvnen pa-

cientebi, visac mkurnalobis win CautardaT kt angiografia da Semdeg 

Trombolizisi. gamoricxvis kriteriumebi iyvnen orsulebi, dabali 

xarisxis angiografia, mxolod tvinis wina arteriis distaluri 

nawilis okluzia da is pacientebi, visi monitoringi ver moxerxda. 

Sefasebul iqna 76 pacienti, visac Tavis tvinis mwvave iSemiuri 

infarqtis dros 2018-2019 wlebSi CautardaT mkurnaloba qsovilo-

vani plazminogenis aqtivatoris i/v inieqciiT. kolateralebis Se-

faseba xorcieldeboda Miteff-is, Maas-s, Tan-is modificirebuli 

sistemiT, aseve Alberta Stroke Program Early CT Score 20-quliani meTo-

dologiiT. karg da mniSvnelovan cud gamosavlad CaiTvala ga-

mosavali, Sefasebuli modificirebuli Rankin-s sistemiT 0-1 da 5-6 

quliT, Sesabamisad daavadebis dawyebidan 3 Tvis Semdeg. 

meTodi 

cerebraluri kolateraluri cirkulaciis SefasebisTvis gamoyene-

bul iqna kt angiografia, mr angiografia (TOF-MRA), digitaluri 

angiografia (DSA). am meTodebs Soris digitaluri angiografia 

(DSA) miCneulia oqros standartad, magram am meTodis invaziu-

robidan da maRali Rirebulebidan gamomdinare, praqtikaSi ufro 

xSirad gamoiyeneba arainvaziuri meTodebi. 

Tanamedrove kvlevebis rekomendaciebi Semdegia: 

1. gamosaxulebis sxvadasxva saxeobebi SeiZleba gamoyenebuli iyos 

cerebraluri kolateralebis statusis Sesafaseblad Tavis tvi-

nis iSemiuri infarqtis an gardamavali iSemiuri Setevis dros. 
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digitaluri angiografia (DSA) miCneulia oqros standartad. 

arainvaziuri gamosaxulebis saxeobebSi kt angiografia metad 

saimedoa, vidre mr angiografia. 

2. pacientebTan mwvave iSemiuri insultiT, romlebic arian endo-

vaskularuli mkurnalobis kandidatebi, mizanSewonilia kolate-

ralebis statusis Sefaseba moxdes ASITN /SIR Collateral Scale-Ti DSA. 
endovaskuluri mkurnalobisas fasdeba riski da sargeblianoba. 

am pacientebSi multifazuri kta an perfuzia unda Catardes 

cerebruli kolateralebis cirkulaciis SefasebisTvis. 

3. am momentisTvis ar arsebobs saerTo SeTanxmeba, Tu gamosaxu-

lebis romeli arainvaziuri meTodia optimaluri kolatera-

lebis Semfasebel sistemebs Soris [1]. 

statistikuri analizi 

aRniSnuli kvlevebis dros gamoyenebulia fiSeris zusti testi da 

The Mann-Whitney U-testi, p value maCveneblebi – ZiriTadad < 0.05 iqna 

miCneuli statistikurad mniSvnelovnad. 

Sedegebi 

logistikuri analizisas mxolod sisxlZarRvis rekanalizacia, 

kargi kolateralebi Miteff-is da Alberta Stroke Program Early CT Score 20-
quliani sistemiT aRmoCnda daavadebis kargi gamosavlis 

damoukidebeli prediqtorebi 

mwire kolateralebi Miteff-is, Maas-is sistemiT da ASPECTS meTodiT 

eqstremalurad cudi gamosavlis damoukidebeli prediqtoria ≤5 qula. 

diskusia 

amJamad, Tavis tvinis kolateraluri cirkulaciis Sefaseba aqtiuri 

kvlevis sagania. mwvave iSemiuri insultis dros kolateralebis 

statusis Sefasebisa da prognozTan korelaciisTvis gamoyenebul 

iqna sxvadasxva kvlevebi. 

mwvave iSemiur insultian pacientebSi, romlebic endovaskularuli 

mkurnalobis kandidatebi arian, mizanSewonilia kolateralebis 

statusis Sefaseba ASITN /SIR collateral scale-Ti DSA-s, romelic afasebs 

endovaskuluri mkurnalobis risks da sargeblianobas. am pacien-

tebSi multifazuri kta an perfuzia unda Catardes cerebruli 

kolateralebis cirkulaciis SefasebisTvis. 
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am momentisTvis ar arsebobs saerTo SeTanxmeba, Tu gamosaxulebis 

romeli arainvaziuri meTodia optimaluri kolateralebis Semfa-

sebel sistemebs Soris. 

vinaidan sul ufro mzardia mwvave iSemiuri insultis Trombo-

lizisis da Trombeqtomiis meTodiT mkurnalobis SemTxvevebi, am 

mkurnalobis meTodebTan mimarTebaSi SemuSavebul iqna Semdegi 

rekomendaciebi: 

1. pacientebisTvis mwvave iSemiuri insultiT cervikocerebraluri 

arterialuri okluziis gamo, visac CautardaT intravenuri, 

intraarteriuli an kombinirebuli reperfuziuli Terapia, mkur-

nalobis win cerebraluri kolateralebis statusis codna mniS-

vnelovani prognostuli niSania daavadebis gamosavlisTvis. 

2. arsebul mtkicebulebebze dayrdnobiT, kolateralebis statusis 

da infarqtis nekrozis Sefaseba gvexmareba iseTi pacientebis 

gamoyofisTvis, visTanac Sedegiani iqneba reperfuziuli Terapia, 

gansakuTrebiT maTSi, visTanac daavadebis dawyebidan gasulia 6 

saaTze meti. 

3. pacientTaTvis intrakranialuri aTerosklerozuli stenoziT 

kolateralebis statusi riskis prediqtoria ganmeorebiTi in-

sultis da funqciuri gamosavlis. 

4. leptomeningealuri kolateralebis statusi mniSvnelovnad cvlis 

ganmeorebiTi insultis risks da funqciuri gamosavlis Sedegs 

intrakranialuri aTerosklerozuli stenoziT daavadebul pa-

cientebSi, Tumca gansxvavebuli Sedegebi sxvadasxva xarisxis 

stenozisas Semdgom kvlevas saWiroebs. 

ar aris dadasturebuli viliziis wris kolateralebis efeqturi 

kavSiris ganmeorebiTi insultis riski da funqciuri gamosavlis 

Sedegebs Soris intrakranialuri aTerosklerozuli stenoziT da-

avadebul pacientebSi, rac Semdgom kvlevas saWiroebs [1]. 

Miteff-is sistemas gaaCnia 3-quliani Sefasebis kriteriumi tvinis Sua 

arteriis kolateralebis gamomdinare silviis napralTan mimar-

TebaSi da klasificirdeba Semdegnairad: 3 – rodesac sisxlZar-

Rvebi rekonstruqtirdeba okluziis distalurad, 2 – sisxlZar-

Rvebi vlindeba silviis napralSi, 1 – kontrasti vlindeba mxolod 

distalur zedapirul totebSi. 
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sur. 1. Miteff-is sistema. A – SemRvrevis kontrasti martivad Cans distalur 

zedapirul totebSi, B – sisxlZarRvebi Cans silviis napralSi, C – 

msxvili sisxlZarRvebi rekonstruqturirebulia okluziis distalurad [2] 

 
sur. 2. Maas-is sistema. A – ar Cans sisxlZarRvebis SemRvreva, B – 

SemRvreva naklebia, vidre kontralateralur mxares. ar aris naCvenebi 

SemRvreva, Tanabari kontralateralur mxares, C – SemRvreva metia, vidre 
kontralateralur mxares, D – moWarbebuli 
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Maas-is sistema 5-quliania da dafuZnebulia paTologiur mxareze 

kolateralebis Sedarebaze dauzianebel hemisferosTan (leptome-

ningealuri kolateralebi: 5 qula (gadaWarbebuli), 4 – meti, vidre 

mowinaaRmdege kontralateralur mxares, 3 – mowinaaRmdege mxa-

resTan Tanabari, 2 – naklebi mowinaaRmdege mxaresTan, 1 – sisxl-

Zarvebi ar kontrastirdeba) [2]. 

Tan-is modificirebuli sistema gamoirCeva simartiviT da kola-

teralebis Sefaseba xdeba Semdegnairad: kargi – Tu kolateralebi 

vlindeba tvinis Sua arteriis teritoriis ≥50%, cudi – Tu t.S. 

arteriis < 50% teritoriazea. 

 
sur. 3. ASPECTS-s 20 quliani sistema kolateralebis SefasebisTvis 

lentikolostriatuli arteriebi bazalur gangliebSi, romlebic 

isaxeba retrograduli dinebiT tvinis Sua arteriis distalurad, 

CarTulia daTvlis sistemaSi. 

arteriebis Sefaseba xdeba okluziis distalurad Semdegi 

principiT: 0 – ar vlindeba, 1 – naklebi intensivobiT mowinaaRmdege 

mxaresTn, Tanabari an meti simkvrive mowinaaRmdege hemisferosTan. 

daTvlisas gamoiyeneba 6 kortikaluri regioni (m1-6), kudiani 

sxeuli, insula, SigniTa kafsula da lentiformuli birTvi. 
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sur. 4. ASPECTS sistema iTvlis arteriebs okluziis distalurad (0 -

arteria ar Cans, 1 – naklebad gamoxatulia, 2 – Tanabari an ufro 

gamoxatulia sapirispiro hemisferos Sesabamis regionTan SedarebiT 6 

ASPECTS kortikalur regionSi (M1-6), kudiani sxeuli, insula, SigniTa 

kafsula da lentiformuli birTvi 

daskvna 

mxolod Miteff-is da Alberta Stroke Program Early CT Score 20-quliani 

sistema intrakranialuri kolateralebisTvis aris kargi gamosav-

lis sarwmuno niSani mwvave iSemiuri infarqtiT daavadebuli pa-

cientebisTvis (wina cirkulacia), visac CautardaT Trombolizisi. 

am daavadebis cudi gamosavlis prognozireba SesaZlebelia arse-

buli meTodebis umetesobiT. 
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ВЛИЯНИЕ ИНТРАКРАНИАЛЬНЫХ КОЛЛАТЕРАЛЕЙ НА ИСХОД 
ЗАБОЛЕВАНИЯ ПРИ ОСТРОМ ИШЕМИЧЕСКОМ ИНСУЛЬТЕ 
ГОЛОВНОГО МОЗГА 

Эрекле Гигиадзе 

Национальный центр клинической и экспериментальной хирургии им. К. Эристави, 
Тбилиси 

РЕЗЮМЕ 

Цель исследования. Интракраниальные коллатерали играют важную роль в прогнозиро-
вании исхода заболевания при лечении острого ишемического инсульта методом тром-
болизиса. Были сравнены несколько систем подсчета интракраниальных коллатералей и их 
связь с исходом инсульта. 

Материал и методы. Изучены были 76 пациентов с острым ишемическим инсультом 
передней циркулации, которым проводился тромболизис в период с октября 2018 года 
по декабрь 2019 года. Критериумом исключения являлось: беременность, некачественная 
ангиография, окклюзия только дистального отдела сосуда и пациенты, чей мониторинг не 
осуществлялся. Коллатерали были оценены системами Miteff, Maas, Tan и 20 
очковой Alberta Stroke Program Early CT Score. Хорошим и плохим считались исходы, 
которые оценены модифицированной системой Rankin-s 0-1 и 5-6 очков через 3 месяца 
после начала заболевания. 

Результаты. При логистическом анализе только реканализация, хорошие 
показатели Miteff и Alberta Stroke Program Early CT Score систем подсчёта оказались 
независимыми предикторами хорошого исхода. Плохие коллатерали Miteff, Maas 
и ASPECTS методом ≤5 очка – независимые предикторы плохого исхода. 

Заключение. Только Miteff и Alberta Stroke Program Early CT Score 20-очковая 
система подсчёта интракраниальных коллатералей являются достоверными предикторами 
хорошего исхода у пациентов с ишемическим инсультом мозга (которым проводился 
тромболизис). Прогнозировать плохой исход заболевания возможно с использованием 
большинства этих методов. 

THE EFFECT OF INTRACRANIAL COLLATERALS ON DISEASE OUTCOME 
AT ACUTE ISCHEMIC STROKE OF THE BRAIN 

Erekle Gigiadze 

K. Eristavi National Center for Clinical and Experimental Surgery, Tbilisi, Georgia 

SUMMARY 

Background and purpose. Intracranial collaterals influence the prognosis of patients treated with 
intravenous tissue plasminogen activator in acute anterior circulation ischemic stroke. We 
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compared the methods of scoring collaterals on pre-tPA brain CT angiography for predicting 
functional outcomes in acute anterior circulation ischemic stroke. 

Material and methods. Total of 76 consecutive patients with acute anterior circulation ischemic 
stroke treated with IV-tPA during 2018-2019 were included. Intracranial collaterals were 
evaluated by using the Miteff system, Maas system, the modified Tan scale, and the Alberta Stroke 
Program Early CT Score 20-point methodology. Good and extremely poor outcomes at 3 months 
were defined by modified Rankin Scale scores of 0-1 and 5-6 points, respectively. 

Results. On multivariable logistic regression, only recanalization, good collaterals by the Miteff 
and the Alberta Stroke Program Early CT Score 20-point method were independent predictors of 
good outcome. Poor collaterals by the Miteff system, Maas system and ASPECTS method ≤5 
points were independent predictors of extremely poor outcomes. 

Conclusions. Only the Miteff scoring system and the Alberta Stroke Program Early CT Score 20-
point method for intracranial collaterals are reliable for predicting favorable outcome in 
thrombolyzed acute anterior circulation ischemic stroke. However, poor outcomes can be predicted 
by most of the existing methods of scoring intracranial collaterals. 
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CONGENITAL CITOMEGALOVIRUS INFECTION AS THE CAUSE 
OF SENSORINEURAL HEARING LOSSES IN CHILDREN 

Teona Devdariani1,  Mikhael Tushishvili2,  Zurab Kevanishvili2 

1 Neonatal Department of Perinatal Centre of Tbilisi State Medical University; 
2 National Centre for Audiology; Tbilisi, Georgia 

Cytomegalovirus (CMV) bearing has been estimated in children of 3-6 years old suffering from the 
inborn sensorineural hearing losses of severe or profound degrees. The hearing impairments have 
been evidenced by the negative outcomes of the audio-screening test. The disorders were confirmed 
then while their characteristics were detailed via computer registrations of auditory brainstem re-
sponses. The control group included randomly selected children of similar ages with normal hear-
ing that being verified just by the positive screening results. In children of both test and control 
samples the CMV-specific IgG antibodies were determined in blood through the Enzyme-Linked 
Immuno-Sorbent Assay (ELISA) method. The IgG antibodies were detected in 14 out of 15 children 
with sensorineural hearing losses (93.3%) and in 14 out of 30 with normal hearings (46.7%). The 
intergroup difference in CMV bearing scores (46.6%) was proved to be statistically highly signifi-
cant. CMV-bearing happens thus twice as much in sensorineural hearing-loss than in normally-
hearing children. Just CMV has been considered therefore as the primary reason of congenital 
hearing losses in individuals of the tested species. Early assessment of CMV attendance and 
instantaneous checking of hearing function seem essential for an in-time start of CMV-specific 
treatment and of adequate audio-habilitation procedures while the prompt application of recovery 
means offers a worthy opportunity for their positive outcomes. 

Key words: cytomegalovirus infection, cytomegalovirus bearing, sensorineural hearing-loss 
children, cytomegalovirus-specific antibodies 

Congenital cytomegalovirus (CMV) infection is stated among the most prevalent 
aetiological factors of inborn disorders and diseases [10, 11]. It seems particularly to be 
one of the main causes of innate sensory disabilities, e.g. of hearing losses. 

Rather many newborns (0.2-2.4%) are evidenced to bear CMV [5, 6, 8, 9]. In about 85% 
from, the infection course is asymptomatic while in 10-17% the various disorders of the 
negative dynamics occur [1, 5, 8, 14]. Serious complaints are observed in 10-15% of the 
prenatally CMV-infected infants. The retardation in growth and in development, low birth 
weight, microcephaly, hepatosplenomegaly, jaundice, anaemia, and thrombocytopenia are 
the main constituents of CMV-attendant pathologies. Other neurological abnormalities 
can also happen in individuals by CMV infected just in adulthood [2, 7]. 
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CMV is one among the eight types of human herpes viruses. After intruding into blood, 
CMVs replicate in monocytes and lymphocytes and reduce their immune properties [5, 
11]. CMVs are able to get shelter in lymphocytes. The blood cells become therefore unap-
proachable and insensitive to the blocking actions of specific antibodies, as well as of 
interferon. By this reason, the mute CMV carriage can cover a long time period, the 
whole life sometimes. 

CMV invasion dynamics depends primarily on mother’s immune state [4, 5]. If woman 
gets CMV during pregnancy, due to immature immune mechanisms the probability of 
CMV transmission to the foetus is high (40%) [6, 7, 14]. When long-term CMV-infected 
female becomes pregnant, due to the blockage properties of developed immunities the 
CMV invasion rate into the foetus is reduced down to 0.5-1.5%. 

The manifested forms of CMV infection are observed in 10% of infested newborns [10]. 
Retardation in growth, hepatosplenomegaly, hematological shifts, e.g. thrombocytopenia, 
as well as dermal abnormalities, e.g. petechia and purpura, are typical CMV signs. 
Central and/or peripheral neurological disorders also dominate actually in all pathological 
CMV cases. Microcephaly, ventriculomegaly, brain atrophy, chorioretinitis, hearing loss, 
intracerebral calcification verifying the involvement in pathological processes of 
periventricular brain regions are regularly stated in the list of CMV complications. With 
respect to the mental retardations, the rate and severity of congenital CMV infection 
lagged nevertheless behind those of Down's syndrome [2, 7]. 

Asymptotic CMV bearing is particularly observed in those infants whose mothers 
possessed high CMV immunity [4]. The newborns of these kinds are looked at birth 
healthy, although later they may exhibit growth retardations. The neurological disorder 
risks are also increased afterwards. Just these infant groups are characterized by 
sensorineural hearing losses tending to extend progressively. Monaural or binaural 
hearing impairments are observed in 15% of CMV-infected children. It should be empha-
sized that in earlier after-born periods the audio-screening test might not identify the 
disorder clearly: the hearing deficiency can occur later, months or years after the birth. 

The mechanisms of CMV-related hearing-losses are not completely known [1]. Under 
manifested forms, the congenital CMV infection is exhibited in newborns initially in 
microcephaly, seizures, chorioenteritis, and muscle hypotony. Other mental, neurological, 
and motoric complications can occur later. Sensorineural hearing deficiency is also fre-
quently associated just of the delayed CMV pathologies. Hearing-loss rate in congenital 
CMV-bearing individuals appears to be proportional to the CMV concentration in urine. 
Other factors which can promote the prediction of hearing losses under CMV infection remain 
obscure [12, 13]. In the course of both symptomatic and asymptomatic CMV-bearings, the hear-
ing is therefore recommended to examine regularly while under certificated audiological 
problems the respective habilitation procedures have to begin without any delay. 

Hearing is a dominant contributor of the development of mental aptitudes, in general, of 
speech function, in particular. The age at the hearing-loss moment has the critical 
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significance. The starting time of habilitation procedures is utterly essential therefore. For 
the speech development in hearing-loss children the hearing-speech activation of cerebral 
cortex earns much better result if it happens before six months of age than in those in 
which the hearing deficiency is defined later and the hearing-speech cortical activation 
takes accordingly place just after six-months critical time period [11, 12]. Early newborn 
audio-screening and instantaneous utilization of medical-habilitation means in proved 
hearing-loss cases have therefore the crucial significance for adequate acquirement of 
speech/cognition functions. 

In the present paper the CMV-bearing rate was defined in children with sensorineural 
hearing losses attained the pathology during prenatal or early postnatal life period. The 
CMV incidents in hearing-loss children were matched with those in normally-hearings of 
the similar age ranges. 

The test group covered 15 children, eight girls and seven boys at the age of 3-6 years 
being led for hearing consultation to the National Centre for Audiology. In order to es-
timate the middle-ear state, each child underwent initially to the standard tympanometry 
trial. The normal middle-ear function has been proved in all the cases. Afterwards the 
children were submitted to the audio-screening procedure based on monitoring of evoked 
otoacoustic emissions to monaurally applied clicks. All screening trials in children of the 
test group were completed with a fail indication on the device display, signifying the 
hearing disorder. On the next stage, hearing-loss properties were estimated via computer 
registrations of auditory brainstem responses (ABRs). In the process of ABR recordings 
the inspected child lay in an acoustically-attenuated and electrically-shielded booth. In 
most of the tested children, particularly in those up to five years of age, the investigations 
were carried out under sedation induced by intramuscular injection of Diazepam. ABR 
thresholds were measured to monaurally applied tone-pips of 0.5-, 1-, and 2-kHz 
frequencies known to cover the principal speech spectral band. The stimuli were applied 
monaurally via the headphone at a repetition rate of 11/s. The ABRs were derived by Ag-
AgCl disc electrodes. The active, reference, and grounding electrodes were fixed on the 
vertex and the earlobes of stimulated and non-stimulated sides, respectively. The scalp-
extracted bioelectric activity was amplified within 53-1600-Hz frequency band. The 
summation (averaging) of post-stimulus EEG time-periods was realized via the Eclipse 
objective audiometry system. 

The sampling step was 25 µs, the epoch (analyzing time) – 12 ms, and the averaging 
(summation) number – 2000. Under suspicious configuration of registered curves their 
cross-summations were carried out just by the computer device of the objective audiome-
try system. The summed averaging number in separate cases amounted to 4000, 6000, 
8000, 10000. The tone-pips evoked ABRs even under the cross-summed recordings 
appeared in some cases not simple for interpretation. As compared to tone-pips, the ABRs 
to clicks were better distinguished and easier evaluated (Fig. 1). ABR recordings under 
monaurally and/or binaurally presented clicks promoted in such cases the clarification of 
dubious recordings happened under application of tone-pips. 
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Fig. 1. ABRs registered in CMV-bearing child to clicks of 80-, 60-, and 50-dB nHL intensities. All 
three main ABR constituents, Waves I, III, and V, are differentiated at high stimulus intensities. 
Only Wave V is distinguished at threshold level. Under stimulus intensity decrease the ABR component 
structure becomes rare, while the amplitudes are reduced and the peak-latencies are prolonged 

 

Fig. 2. Means (continuous line) and standard deviations of the means (broken lines above and 
below) of hearing thresholds determined by ABR recordings in CMV-bearing children at 0.5-, 1-, 
and 2-kHz stimulus frequencies 
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In the majority of children of the test group the perception thresholds at inspected 0.5-, 1-, 
and 2-kHz frequencies fell within the 60-90-dB nHL range (Fig. 2). The most of tested 
individuals possessed thus a hearing loss of severe or profound degrees. The hearing 
acuity tended to fall from the lower frequency, 0.5 kHz, to the higher ones, 1 and 2 kHz. 
The audiometric curves possessed therefore a descendent slope that is characteristic just 
for sensorineural hearing losses. The decline dynamics was alike while the threshold drop 
for each of the following frequency step approximated to 5 dB on the mean. Hearing in-
dices in separate individuals generally resembled each other that determined rather 
narrow distribution of standard deviation (SD) values. Right- and left-ear thresholds were 
also alike. Interaural threshold differences fell mostly within 5-10-dB rank and were 
statistically non-significant with respect to all three frequencies utilized. Taking into ac-
count the coincidences of bilateral hearing indices, the data of right- and left-ears were 
summated. At 0.5-, 1-, and 2-kHz frequencies the mean hearing thresholds, ,x  and corre-
sponding SDs amounted to 71.2 ± 16.1, 75.6 ± 10.4, and 80.6 ± 10.5 dB, respectively. 
According to the data of right and left ears separately, as well as of both ears together, the 
SDs appeared greater at lower frequency (0.5 kHz), than at higher ones (1 and 2 kHz). At 
higher frequencies, on the other hand, the SD dimensions were comparable. Variability 
coefficient of hearing thresholds was calculated via the standard equation: V% = 100SD : 

.x  By the data of both ears, at 0.5-, 1-, and 2-kHz frequencies the variability coefficient 
amounted to 22.7%, 13.8%, and 13.1%, respectively. It was proved thus that 
interindividual dispersion of hearing thresholds is wider at 0.5-, than at 1- and 2-kHz 
frequencies, at latter two being generally similar. 

Along with the eminent hearing disorders, vision dysfunctions were also observed in 
some CMV-bearing children. Psychological investigations revealed furthermore retards in 
mental processes and delays in general psychological evolution. 

The control group comprised randomly selected 30 healthy children (15 girls and 15 
boys) of 3-6 years old also but without any hearing complains both at present and in past. 
According to the thorough inquiry and direct survey, none child of the control sample 
suffered from any hearing-speech deficiency. Automatic hearing screening test was 
completed in all control individuals by the pass indication on the screen of the device. 
The normal hearing function was confirmed thus objectively in all of them. 

In children of both test and control groups the CMV-specific IgG antibodies were 
determined in blood through the Ezyme-Linked Immuno-Sorbent Assay (ELISA) 
method. The IgG CMV antibodies with high titer indices were found in 14 out of 15 chil-
dren with sensorineural hearing losses (93.3%) and in 14 out of 30 with normal hearing 
(46.7%). The stable content of the active IgG antibodies in the blood substantiated in 
CMV-bearing children of the test group just the CMV origin of existing health disorders, 
in general, of sensorineural hearing losses, in particular. 

The test vs. control group difference in IgG CMV antibody incident rates (46.6%) was 
confirmed to be statistically significant at high confidence level (p = 0.007, Fisher test). 
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According to the results of the present studies, the CMV bearing happens thus twice as 
much in congenitally sensorineural hearing-loss children than in normally-hearing ones. 
Just CMV has to consider therefore as the primary reason of the inborn hearing losses in 
individuals of the CMV species investigated. 

Early assessment of CMV attendance and instantaneous estimation of hearing function 
seem essential for an in-time start of CMV-specific treatment and of adequate audio-ha-
bilitation procedures while the prompt involvements of medical, recovery, and 
habilitation services offer an optimistic opportunity for the positive outcomes of CMV-
related disorders, in general, of sensorineural hearing losses, in particular. 
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Tandayolili citomegalovirusuli infeqcia, rogorc 

sensonevraluri tipis smenis daqveiTebis mizezi bavSvebSi 

Teona devdariani1,  mixeil TuSiSvili2,  zurab qevaniSvili2 

1 saxelmwifo samedicino universitetis perinataluri centris neonata-

luri departamenti;  2 audiologiis erovnuli centri, Tbilisi 

reziume 

mZime da umZimesi xarisxis sensonevraluri tipis smenadaqveiTebul 3-6 wlis 
asakis bavSvebSi citomegalovirusis (cmv) matarebloba iqna Seswavlili. 

smenis daqveiTeba audio-skriningis proceduriT dasturdeboda, skriningis 

uaryofiTi Sefasebis Semdeg ki smenaClungobis maCveneblebi tvinis Reros 

smenis pasuxTa registraciis meTodiT ganisazRvreboda. sakontrolo jgufi 
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SemTxveviTobis principiT SerCeulma skriningis testiT damowmebuli 

normaluri smenis imave asakis bavSvebma Seadgines. cmv-is matareblobis 

dadgenis mizniT, gamokvleulTa orive jgufSi Enzyme-Linked Immuno-Sorbent 
Assay-is (ELIZA) meTodiT sisxlSi ganisazRvreboda cmv-specifikuri IgG 

antisxeulebis arseboba. IgG antisxeulebi testuri jgufis 15 bavSvidan 14-

Si da sakontrolo jgufis 30 bavSvidan 14-Si, anu Sesabamisad 93.3%-Si da 

46.7%-Si aRiniSna. jgufTaSorisi gansxvaveba (46.6%) maRali albaTobiT 

statistikurad sarwmuno iyo. amgvarad, gairkva, rom IgG antisxeulebiT 

gamovlenili cmv-is matarebloba orjer ufro xSiria smenadaqveiTebul, 

vidre normaluri smenis bavSvebSi. kvlevis Sedegebidan gamomdinare, swo-

red cmv iqna miCneuli smenaClungobis uwinares mizezad testuri jgufis 

bavSvebSi. keTdeba daskvna, rom cmv-is matareblobis drouli dadgena da 

smenis daqveiTebis droulive gamovlena saTanado samkurnalo, sapreven-

cio, sahabilitacio RonisZiebaTa dauxanebeli dawyebis da droulobis ga-

mo moxmobilTa dadebiTi Sedegebis optimalur Sansebs iZleva. 

ВРОЖДЕННАЯ ЦИТОМЕГАЛОВИРУСНАЯ ИНФЕКЦИЯ КАК ПРИЧИНА 
СЕНСОНЕВРАЛЬНОЙ ТУГОУХОСТИ У ДЕТЕЙ 

Теона Девдариани1,  Михаил Тушишвили2,  Зураб Кеванишвили2 

1 Департамент неонаталогии перинатального центра Тбилисского государственного 
медицинского университета;  2 Национальный центр аудиологии; Тбилиси, Грузия 

РЕЗЮМЕ 

Носительство цитомегаловируса (ЦМВ) исследовано в группе детей 3-6 лет, страдающих 
тугоухостью сенсоневрального типа тяжелой или тяжелещей степени. Снижение слуха 
вначале удостоверялось процедурой аудио-скрининга, а затем отрицательной оценкой 
скринингового теста, остаточный слух детализовался по записям усредненных стволомозго-
вых слуховых ответов. Контрольную группу составили отобранные по принципу случай-
ного подбора дети соответствующей возрастной полосы с нормальной слуховой функцией, 
подтвержденной скининговым тестом. Для выявления ЦМВ-носительства ЦМВ-
специфические IgG-антитела определялись в крови иммуноферментным методом Enzyme-
Linked Immuno-Sorbent Assay (ELISA). Наличие IgG-антител выявлено у 14 из 15 детей с 
сенсоневральной тугоухостью и у 14 из 30 с нормальным слухом, соответственно 93.3% и 
46.7% случаев. Достоверность межгруппового различия в содержании IgG-антител (46.6%) 
подтвердилась высокой степенью статистической достоверности. Таким образом, резуль-
таты исследований показали, что ЦМВ-носительство, проявляемое высоким показателем 
наличия IgG-антител, в два раза чаще имеет место при сенсоневральной тугоухости, чем 
при нормальном слухе. Соответственно, именно ЦМВ инфекция посчитана причиной 
сенсоневральной потери слуха в тестовой группе детей. Раннее выявление ЦМВ-носитель-
ства и раннее же документирование сопутствующей тугоухости представляется важным 
фактором раннего начала соответствующих превентивных, лечебных и абилитационных 
процедур, незамедлительность же специфических подходов повышает шансы их оп-
тимальных исходов. 





 

 

 

 

115 

saq. mecn. erovn. akad. macne, biomed. seria, 2020, t. 46, # 3-4 ISSN-0321-1665 
Известия нац. АН Грузии, биомед. серия, 2020, т. 46, № 3-4 
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 3-4 

imobilizaciiT gamowveuli stresis gavlena 

cxovelTa agresiul qcevasa da mis 

neiroqimiur korelatebze 

giorgi iordaniSvili1,  marine nikolaiSvili1,  manana fruiZe2,  

nino xvitia2,  maia jonsoni3,  irine kvaWaZe2 

1 iv. beritaSvilis eqsperimentuli biomedicinis centri; 2 Tbilisis 

saxelmwifo samedicino universiteti; 3 baTumis saxelmwifo uni-

versiteti 

virTagvebis 70%-Si imobilizacia maTSi agresiul qcevas iwvevs. imobili-

zaciidn 12 dRis Semdeg cxovelebi kargaven agresiulobas. aRsaniSnavia, 

rom 7 greiT (gr) dasxiveba imobilizebul virTagvebSi agresiulobis 

dakargvas 2 dReSi iwvevs. 

SeimCneva gansxvaveba kontrolsa da imobilizebul virTagvebs Soris 

pasiuri ganridebis reaqciis SemuSavebisa da Senaxvis TvalsazrisiT. aq-

tiuri ganridebis reaqciis gamomuSaveba imobilizebul cxovelebSi sakon-

trolosTan SedarebiT gaZnelebulia da kriteriumis misaRwevad saWiroa 

SeuRlebaTa ufro meti ricxvi. 

imobilizebul cxovelTa 7 gr dasxiveba SiSis emociur reaqcia-Semonaxul 

cxovelTa ricxvs amcirebs. gamomuSavebuli aqtiuri ganridebis reaqciis 

moSla ki radiaciuli sindromiT unda iyos ganpirobebuli. 

imobilizebuli cxovelebis Tavis tvinis struqturebSi SeimCneva norad-

renalinis serotoninTan fardobis gazrda nuSisebr kompleqsSi, hipo-

kampSi, ynosvis bolqvebsa da hipoTalamusSi. imobilizebuli cxovelebis 

dasxiveba 7 gr am Sefardebis Semcirebas iwvevs. fardoba uaxlovdeba 

sakontrolo cxovelebis Tavis tvinis struqturebSi noradrenalinis 

serotoninTan fardobas. aminebis aseTi fardobis dros ki cxovelebi aRar 

avlenen agresiul qcevas. 

sakvanZo sityvebi: virTagva, imobilizacia, biogenuri aminebi, aminomJavebi, 

qceva 

literaturidan cnobilia, rom cxovelTa qcevis cvlileba SeiZ-

leba gamowveuli iyos sxvadasxva faqtorebis zemoqmedebiT, rogo-
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rebicaa xangrZlivi izolacia, radiacia, magnituri veli, farmako-

logiuri nivTierebebi da a.S. [1, 3, 6-8]. cnobilia agreTve, rom rigi 

stres-faqtori avlens an Trgunavs cxovelis agresiul qcevasac. 

ase, magaliTad, cxovelis 5-saaTiani imobilizaciiT gamowveuli 

stresi iwvevda araagresiul virTagvebSi agresiuli qcevis gamov-

lenas da Zvrebs periferiuli sisxlis SemadgenlobaSi, rac perife-

riuli sisxlis eriTrocitebis saerTo raodenobisa da hematokri-

tis mkveTr matebaSi gamoixateboda [10, 12]. SeiniSneboda agreTve 

neltalRovani da paradoqsuli Zilis dadgomis faruli periodis 

gazrda, Zil-RviZilis ciklSi sifxizlis mateba da Zilis Semci-

reba. yovelive aRniSnulidan gamomdinare, saintereso iyo damatebiT 

Segveswavla, Tu radiaciasTan erTad ra gavlenas moaxdenda imobi-

lizacia cxovelTa agresiulobaze, `Ria velSi~ mexsierebis gansxva-

vebul formebsa da maT neiroqimiur korelatebze. 

stresi globalur doneze mniSvnelovan gavlenas axdens adamianis 

janmrTelobaze, rac iwvevs fsiqosomatur aSlilobas da paTolo-

giur mdgomareobas, rogoricaa koronaruli arteriis daavadebebi, 

kibo da Saqriani diabeti [1, 3], rasac Tan axlavs sxeulis wonis 

dakleba, neiroendokrinuli dazianebebi. xSiri stresis sapasuxod 

adgili aqvs simpaTikuri nervuli sistemis, aseve hipoTalamur-hipo-

fizuri RerZis dazianebas, aseve biogenuri aminebis: serotoninis, 

dofaminis, noradrenalinis da agznebaSi da SekavebaSi monawile 

aminomJavebis raodenobriv cvlilebebs. mwvave stresi iwvevs mexsie-

rebis gauaresebas, SfoTvas da depresiul mdgomareobas [4]. kvle-

vebma aCvena, rom eqsperimentul cxovelebs, romlebic eqvemdeba-

rebian stresul mdgomareobas, ecvlebodaT ujreduli da hormona-

luri imuniteti [5]. nawlavis mikrobiologiuri flora [9], aseve, 

stresi iwvevs simpaTikur stimulacias da aZlierebs metabolur 

maCvenebels, ramac SeiZleba zedmeti Tavisufali radikalebi war-

moqmnas da lipidebis, cilebis da nukleinis mJavebis JangviTi 

dezaminireba gamoiwvios [10, 13, 17]. 

kvlevis meTodebi 

eqsperimentebi tardeboda vivariumSi moTavsebul ujiSo TeTr vir-

Tagvebsa da Tagvebze, sakvebi da wyali maT miewodebodaT standar-

tul pirobebSi (qeri, simindi, mzesumzira, kombosto, stafilo, 

polivitaminebidan – undeviti). eqsperimentebi iwyeboda dRis pirvel 

naxevarSi [4, 6, 10]. 

agresiul qcevasTan erTad Seiswavleboda mexsierebis gansxvave-

buli formebi – pasiuri da aqtiuri ganrideba Ria velSi, xolo 

Tavis tvinis struqturebSi isazRvreboda biogenuri aminebisa da 
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Tavisufal aminomJavaTa raodenobrivi ganawilebis cvlilebebi [5, 

12, 16]. 

cxovelebis imobilizebisTvis viyenebdiT wvrili cxovelebisTvis 

gankuTvnil saeqsperimento magidas. virTagvebis kidurebze edeboda 

wvrili Tasmebisgan damzadebuli ligatura. es ukanaskneli mibmuli 

iyo magidis sadgamze, romelTa diagonaluri gadaadgilebiT SesaZ-

lebeli iyo cxovelis daWimva. aseT mdgomareobaSi cxovels 4 sT-is 

ganmavlobaSi vtovebdiT. Semdeg mas vaTavisuflebdiT da vaTavseb-

diT galiaSi. imobilizaciidan me-2 dRes vamowmebdiT virTagvas 

agresiulobas Tagvis mimarT [2, 3, 15]. 

Sedegebi da maTi ganxilva 

4-saaTiani imobilizaciidan me-2 dRes virTagvebis Semowmebam Tagvis 

mimarT agresiulobaze gviCvena, rom virTagvebis 70% mkvlelebad 

yalibdeboda. Tumca sayuradReboa erTi garemoeba: imobilizaciidan 

1 sT-is Semdeg galiaSi Casmul Tagvze virTagvebis saorientacio 

reaqcia naklebad SeimCneoda, radgan isini wina kidurebis kosme-

tikiT an xSiri grumingiT iyvnen dakavebulni da agresiis niSnebs 

(wripini, gamodevneba) praqtikulad ar amJRavnebdnen. virTagvebi 

aqtiurebi xdebodnen mxolod maSin, Tu Tagvi miuaxlovdeboda maT. 

aseT SemTxvevaSi virTagva akeTebda naxtoms, iWerda Tagvs da 

klavda mas kisris malebis gadaRrRniT [1]. im SemTxvevaSi, Tu 

virTagvas Tagvi ar miuaxlovdeboda erTsaaTiani eqspoziciis dro-

sac ki, virTagva agresiulobas ar avlenda. amitom, am dakvirvebidan 

gamomdinare, cxovelebis testireba agresiulobaze mowmdeboda 

imobilizaciidan meore da momdevno dReebSi. araagresiuli virTag-

vebis 4-saaTiani imobilizaciidan jgufSi Semavali 10 virTagvidan 

meore dRes 7 agresiuli xdeboda. imobilizaciidan me-3 dRes, 

agresiul cxovelTa ricxvi TandaTanobiT mcirdeba, me-4 dRes es 

ricxvi 40%-ia, xolo me-6 dRes 20%-mde ecema. agresiul qcevaSe-

monaxul cxovelTa ricxvis Semcireba momdevno dReebSi kvlav 

grZeldeba da me-12 dRisTvis jgufSi Semavali cxovelebidan arc 

erTi ar avlenda agresiulobas Tagvebis mimarT. imobilizebiT 

gamowveul agresiul qcevaze X-sxivebis dozis 7 gr-iT gavlenis 

Seswavlam gviCvena, rom dasxiveba imobilizaciidan me-2 an me-3 dRes 

xdeba, e.i. maSin, rodesac agresiuli virTagvebis ricxvi maqsimalu-

ria. cxovelebis 60% agresiulobas 24 sT-Si kargavs, xolo agresiuli 

qceva yvela cxovelSi sruliad ispoba ori dRis Semdeg da aRar 

aRdgeba sicocxlis bolomde, romelic 20 an 30 dRes ar aRemateba. 

Cvens wina gamokvlevebSi naCvenebi iyo, rom intaqtur cxovelebs 

esmanis kameraSi erTjeradad 30 (mv) eleqtruli deniT zemoqmedebis 
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Sedegad uviTardebodaT SiSis reaqcia, romelic SemoenaxebodaT 

sami Tvis ganmavlobaSi. 4-saaTiani imobilizaciis Semdeg gamo-

muSavebuli SiSis emociuri reaqciis Semonaxvis xangrZlivoba Cvens 

eqsperimentSi ar gansxvavdeboda sakontrolo intaqturi cxo-

velebisgan [19] maSin, rodesac imobilizaciis Semdeg cxovelebis 

totaluri dasxiveba 7 gr SiSis emociuri reaqciis gamomuSavebas 

da Semdeg mis Semonaxvaze mkveTr gavlenas axdenda. eqsperimentebma 

gviCvena, rom imobilizebuli 8 cxovelis dasxivebidan me-2 dRes or 

virTagvas dakarguli hqonda instiqturi qceva sibnelisken swraf-

visa esmanis kameraSi. amitom SiSis emociuri reaqciis gamomuSaveba 

am cxovelebze ver moxerxda. danarCeni cxovelebis SiSis emociuri 

reaqciis SemonaxvaSi ki SeimCneoda darRvevebi. dasxivebidan me-3 

dRes SiSis reaqcia-Semonaxul cxovelTa ricxvi 40%-mde Semcirda, 

xolo dakvirvebis me-6 dRes igi mxolod 20%-s Seadgenda, romelic 

savsebiT gaqra me-12 dRes. 

araagresiul virTagvebSi aqtiuri ganridebis pirobiTi reaqciis 

gamomuSvebis Seswavlisas Cvens wina gamokvlevebSi [1] naCvenebi iyo, 

rom qcevis kriteriumis misaRwevad saWiroa 200-240 pirobiTi (si-

naTle) da upirobo (mtkivneuli) gamRizianeblis SeuRleba. imobili-

zebul cxovelebze Catarebulma eqsperimentebma gviCvena, rom aq-

tiuri ganridebis pirobiTi reaqciis gamomuSvebisas garkveul siZne-

leebs vawydebiT. sawyis etapze saeqsperimento virTagvebi umniSvne-

lod CamorCebodnen sakontrolo cxovelebs. sinaTliT gamowveuli 

pirobiTrefleqsuri naxtomebi maT odnav mogvianebiT gauCndaT, 

muSaobis me-6 dRidan CamorCenam imata. Tu sakontrolo cxovelebs 

eqsperimentis me-7 da me-8 dRes pirobiTrefleqsuri reaqciebis 

dadebiTi maCvenebeli gamoyenebuli pirobiTi signalebis saerTo 

ricxvis 70-80% Seadgenda, imobilizebul cxovelTaTvis es maCvene-

beli 20%-iT naklebi iyo. ramdenime dRis Semdeg sakontrolo cxo-

velebma aucilebel kriteriums miaRwies. pirobiT signalze swori 

pasuxebis raodenoba bolo 3 dRis ganmavlobaSi maTTvis 90-100%-s 

Seadgenda, xolo eqsperimentuli cxovelebisTvis es maCvenebeli 70-

80% iyo. saWiro gaxda 4 dRis (80 SeuRleba) damatebiTi muSaoba, 

raTa miRweuli yofiliyo kriteriumis saWiro done. 

imobilizebuli cxovelebis totalurma dasxivebam 7 gr da maTze 

aqtiuri ganridebis reaqciis gamomuSavebis Seswavlam gviCvena, rom 

pirobiT signalze Cveneuli kriteriumis miRwevis Semdeg dadebiT 

reaqciaTa ricxvi iklebda, romelic progresulad viTardeba. eqs-

perimentis me-15-17 dReebSi pirobiT gamRizianebelze dadebiT reaq-

ciaTa ricxvi 10% aRwevda nacvlad 90%-isa, xolo me-18 dRes igi 

mxolod 5% iyo. yuradsaRebia faqti imis Taobaze, rom am cxove-

lebs upirobo gamRizianebelze reaqcia SemorCenili hqonda, sava-
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raudoa, rom aqtiuri ganridebis reaqciis moSla radiaciuli 

sindromis ganviTarebiTaa ganpirobebuli, rac dasturdeba Cveni mo-

nacemebiT, 7 gr dasxivebuli cxovelis sicocxlis xangrZlivoba ar 

aRemateboda 21 dRes. 

imobilizebuli da normaluri cxovelebis qcevis Seswavlam `Ria 

velSi~ gviCvena, rom maT Soris gansxvaveba moZraobiT reaqtiulo-

baSi vlindeba. gansxvavebulia centraluri wridan gamosvlis 

latenturi periodi, romelic ufro did sakontrolo virTagvebs 

aRmoaCndaT (2.9 nacvlad 5.2-isa) rac 44,2% Seadgens. sakontrolo 

cxovelebs translokaciis ciklTa ricxvic ufro maRali aqvT 

imobilizebul virTagvebTan SedarebiT (13.2 nacvlad 10.0-isa) 

(cxrili 1, diagrama 1). 

cxrili 1 

radiaciis gavlena virTagvebis qcevaze Ria velSi 

(translokacia da kedelTan wamodgomaTa ricxvi) 

virTagvebi sakontrolo imobilizacia 
imobilizacia 

(7 gr) 

centr. wridan gamosv. 

dro 
5.2 ± 0.8 2.9 ± 0.6 

-44.2% 
4.8 ± 0.2 
+65.5%  

translok. ciklTa 

ricxvi  
13.0 ± 2.0  10.0 ± 1.2 

-23.0% 
4.0 ± 0.5 
-60.0% 

translokaciaze 

daxarjuli dro  
55.5 ± 8.0 90.4 ± 1.0 

-63.0% 
46.3 ± 2.1 

-48.0% 

ujris gadakveTaze 

daxarj. saS. dro 
1.5 ± 0.1 2.0 ± 0.1 

+33.3% 
1.4 ± 0.1 
-30.0% 

kedelTan wamodgomaTa 

ricxvi 
4.0 ± 1.0 2.0 ± 0.5 

-50% 2.0 ± 0.2  

wamodgomaze daxar-

juli saSualo dro 
0.9 ± 0.2 1.7 ± 0.3 

+88.8% 
1.4 ± 0.1 
-17.4% 

gansxvaveba SeimCneva translokaciaze daxarjuli drois pro-

centSic, romelic eqsperimentze daxarjuli droidanaa gaTvlili. 

translokaciaze daxarjuli dro imobilizebul cxovelebs 63%-iT 

meti aRmoaCndaT da erTi ujris gadakveTaze 33.3%-iT met dros 

xarjaven, vidre sakontrolo cxovelebi. aqedan gamomdinareobs, rom 

imobilizebuli virTagvebi sakontrolosTan SedarebiT ufro nela 
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moZraoben, rac dasturdeba umoZraobis ciklTa raodenobebis, 

umoZraobis xangrZlivobis da saerTo drodan gaTvlili uZraobis 

procentis ganxilviT. irkveva, rom imobilizebul cxovelebs es 

maCvenebeli ufro mcire aqvT (6.0-12.0 wm, 42.1-90.6, 24.3-53.0 wm), vidre 

sakontrolo cxovelebs. 
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diagrama 1. dasxivebuli da dausxivebeli imobilizebuli cxovelebis 

qceva Ria velSi 

garda amisa, imobilizebuli cxovelebi Ria velSi sakontrolo 

cxovelebisgan saorientacio kvleviTi aqtiobiTac gansxvavdebian [1, 

18]. kedelTan vertikalur wamodgomaTa ricxvi normalur virTag-

vebs 2-jer meti aqvT, vidre imobilizebulebs da erTi ciklis 

Sesrulebaze TiTqmis orjer nakleb dros xarjaven. Ria velSi 

imobilizebuli da sakontrolo virTagvebis stereotipuri aqtiobis 

Seswavlisas gairkva, rom miuxedavad grumingTa ciklebis toli 

raodenobisa, imobilizebuli cxovelebi erTi ciklis Sesasruleb-

lad saWiroeben 7.9 wams, maSin rodesac sakontrolo cxovelebs 

esaWiroebaT 0.45 wm. imobilizebuli cxovelebis grumingze daxar-

juli dro 12-jer aRemateba sakontroli cxovelebis mier daxar-

jul dros. eqsperimentebiT gairkva, rom imobilizebuli cxovelebi 

naklebi emociurobiT xasiaTdebian, gansxvaveba 43.4%-s aRwevs. 
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cxrili 2 

radiaciis gavlena virTagvebis qcevaze Ria velSi 

virTagvebi 
sakontrolo 

jgufi 
imobilizacia 

imobilizacia 

(7 gr) 

uZraoba 

umoZraoTa ciklTa 

raodenoba 
12,8 ± 2.0 6.0 ± 0.1 

-50% 
10.0 ± 1.0 
+66.6%  

erT ciklze daxar-

juli saSualo dro 
7.9 ± 2.5 12.0 ± 2.6 +60.2% 9.0 ± 1.5 

-28.0% 

umoZraoba droSi 90.6 ± 7.5 42.1 ± 8.6 
-53.3 

70.0 ± 7.2 
+47.5% 

umoZraobis % saerTo 

droidan 
53.0 ± 4.2 24.3 ± 4.7 35.8 ± 4.0 

+47.3% 

grumingi 

grumingis ciklTa 

raodenoba 
1.0 ± 0.1 1.0 ± 0.2 1.7 ± 0.04 

+70.0% 

grumingi droSi 0.9 ± 0.3 10.5 ± 4.1 0.4 ± 0.3 

erT ciklze 

daxarjuli dro 
0.45 ± 0.1 7.9 ± 3,7 0.2 ± 0.1 

-97.4 

urin.+bolusebis 

ricxvi 
5.3 ± 0.26 3.0 ± 0.15 43.4% 4.9 ± 0.2 

+63.3% 

rogorc Cvenma eqsperimentebma aCvena, imobilizebuli cxovelebis 7 

greiT dasxiveba Ria velSi iwvevs cxovelTa qcevis cvlilebas. 

imobilizebul cxovelebTan SedarebiT izrdeba centraluri 

wridan gamosvlis dro – nacvlad 2.9-isa 4.8-mde, rac 65.5% tolia. 

miuxedavad imisa, rom gadakveTil ujredTa ricxvi ar icvleba, X-

sxivebi 60%-iT amcirebs translokaciis ciklTa raodenobas. 48%-iT 

mcirdeba translokaciaze daxarjuli dro, 30%-iT – erTi ujredis 

gadakveTaze daxarjuli dro. 

imobilizebuli cxovelebi dasxivebis Semdeg kargaven agresiu-

lobas, rac maT emociurobaSic SeimCneva da dasturdeba fekaluri 

bolusebis raodenobis gazrdiT [2]. am ZvrebTan erTad naTlad 
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isaxeba stereotipuli qcevis – grumingis cvlilebebi. mcirdeba 

grumingis erTi ciklisTvis saWiro dro da grumingze daxarjuli 

drois procentuli maCvenebeli. es orive maCvenebeli statis-

tikurad utyuarad mcirdeba. 
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diagrama 2. dasxivebuli da dausxivebeli imobilizebuli cxovelebis 

qceva Ria velSi (sakontrolo, imobilizebuli da imobilizacia + 

radiacia jgufebi) 

biogenur aminebs da mediatorul aminomJavebs ki, rogorc cnobilia, 

garkveuli roli eniWeba agresiuli qcevis gamovlenaSi. Cvens wina 

gamokvlevebSi naCvenebi iyo, rom SesaZlebelia biogenuri aminebisa 

da mediatoruli aminomJavaTa cvlaSi CareviT bunebiT araagre-

siuli virTagvebi SeiZleba agresiulebi gaxdnen da, piriqiT, agre-

siuli – araagresiulebi. amave dros naCvenebi iyo, rom agresiis 

gamovlenaSi gadamwyveti roli ganekuTvneba ara romelime 

calkeuli aminis raodenobriv Zvrebs, aramed aminTa Soris Sefar-

debis sididis cvlilebas [19]. gamoTqmuli iyo mosazreba, romlis 

Tanaxmad agresiuli qceva gamoiwveva tvinis garkveul ubanSi am-

gznebi aminomJavebis (aspartatisa da glutamatis) fardobis gazr-

diT Semakavebel aminomJavebTan (asparaginTan da glutamatTan, gaba 

glicinTan). am mosazrebis Sesamowmeblad saintereso iyo gagver-

kvia, imobilizaciiT gamowveuli agresiuli qceva eqvemdebareba Tu 

ara am kanonzomierebas. neiroqimiur analizs vatarebdiT sakon-

gr. cikl. raodenoba

grumingi droSi

erT. cikl. daxar. dro

urinac. + bolus ricxvi

wam. daxarj. saerTo dro
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trolo, imobilizebul da imobilizaciis Semdeg 7 gr totalurad 

dasxivebul virTagvebze. miRebuli Sedegebi mocemulia cxrilSi 3, 

sadac mocemulia imobilizaciis gavleniT Tavis tvinis struq-

turebSi asparaginisa da glutaminis mJavebis fardoba asparaginTan 

da glutaminTan da asparaginisa da glutaminis mJavebis fardoba 

gabasTan da glicinTan. eqsperimentebma gviCvena, rom pirveli cvli-

lebebi imobilizebidan 24 sT-is Semdeg aisaxeba. ynosvis bolqvebSi 

magram ara statistikurad sarwmunod matulobs 27%-iT asparaginisa 

da glutaminis mJavas fardoba, gaba da glicinTan da statisti-

kurad sarwmunod 54%-iT mcirdeba asparaginisa da glutaminis 

mJavas fardoba gaba da glicinTan imobilizacia+radaciiT dasxi-

vebul virTagvebSi. 

cxrili 3 

imobilizaciisa da X-sxivebis (7 grei) gavlena Tavis tvinis 

struqturebSi amgzneb da Semakavebel aminomJavaTa 

raodenobriv Tanafardobaze 

ynosvis 

bolqvebi 

nuSisebri 

kompleqsi 
hipokampi 

hipo-

Talamusi virTagvebi 

1 2 1 2 1 2 1 2 

sakontrolo 

jgufi 

2.03± 
0.06 

3.06± 
0.07 

2.39± 
0.06 

3.82± 
0.06 

2.11± 
0.04 

3.22± 
0.07 

2.14± 
0.04 

1.53± 
0.03 

imobilizeb. 

cxovelebi 

2.93± 
0.06 

4.94± 
0.08 

3.32± 
0.07 

2.97± 
0.05 

1.04± 
0.02 

2.12± 
0.04 

2.60± 
0.06 

1.93± 
0.05 

imobiliz. 

+radiacia 

1.59± 
0.05 

3.55± 
0.07 

1.91± 
0.05 

1.39± 
0.04 

1.44± 
0.04 

3.53± 
0.06 

1.85± 
0.05 

1.80± 
0.05 

cvlilebebi, % 

sakontrolo. 

imobiliz. (1-2) 

+27 +61* +38* -77* -51* -65.0 +22.5 +26 

cvlilebebi, % 

imobiliz. 

+radiacia (2-3) 

-54.0* -72* -52* -47* -38.5* +67.4* -71* -93* 

SeniSvna: 1. aspartatisa da glutamatis fardoba /asparaginisa da 

glutaminis raodenobasTan; 2.aspartatisa da glutamatis fardoba/ gabasa 

da glicinTan 

imobilizebuli cxovelebis dasxiveba 7 greiT Tavis tvinis struq-

turebSi aminomJavaTa ganawilebis TanafardobaTa cvlilebebSi, 
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imobilizebul cxovelebTan SedarebiT, sapirispiro Sedegs iwvevs 

ynosvis bolqvebSi, nuSisebr kompleqsSi da, gansakuTrebiT, hipo-

kampSi. Tu hipokampSi imobilizacia aspartat+glutamatis fardobas 

asparagin+glutaminTan da gaba+glicinTan statistikurad sarwmu-

nod amcirebda, imobilizebul cxovelebze X-sxivebis moqmedeba am 

fardobas zrdida 67.4%-iT. tvinis sxva struqturebSic es kanon-

zomiereba SeiniSneboda, Tumca isini statistikurad saTuoni arian. 

nuSisebr kompleqsSi statistikurad utyuarad izrdeba +38%-iT, 

glutaminisa da asparaginis mJavas fardoba imobizirebul virTag-

vebSi, glutaminTan da asparaginTan da utyuarad mcirdeba -52% 

glutaminisa da asparaginis mJavebis fardoba glicinisa da ga-

basTan imobilizebul da dasxivebul virTagvebSi. hipokampSi ki 

mcirdeba orive SemTxvevaSi asparaginisa da glutaminis mJavas 

fardoba gabas da glicinTan, rogorc imobilizebul virTagvebSi 

ise imobilizebul dasxivebul virTagvebSi. xolo matulobs 

asparaginisa glutaminis mJavas fardoba glicinTan da gabasTan 7 

gr dasxivebul imobilizebul virTagvebSi 67,4% da mcirdeba 

imobilizebul virTagvebSi glutaminisa da asparaginis mJavas 

fardoba asparaginTan da glutaminTan. rac Seexeba hipoTalamuss, 

aq statistikurad utyuarad mcirdeba 71% asparaginisa da glu-

taminis mJavas fardoba asparaginTan da gabasTan dasxivebul imobi-

lizrebul virTagvebSi. rogorc adreul gamokvlevebSi iyo miTi-

Tebuli [1, 2], asparaginis da glutaminis mJavebi da glicini neiro-

mediatorebia. dikarbonis mJavebi agznebis procesebSi monawileobs, 

xolo gaba da glicini, glutamini da asparagini ki – Sekavebis 

procesebSi. amave dros gadamwyveti mniSvneloba aqvs cns-is nor-

maluri funqciisTvis amgzneb da Semakavebel aminomJavaTa Soris 

Tanafardobis sidides am mosazrebis gaTvaliswinebiT. 

imobilizebuli cxovelebis dasxiveba 7 greiT, Tavis tvinis 

struqturebSi aminomJavaTa ganawilebis TanafardobaTa cvlile-

bebSi, imobilizebul cxovelebTan SedarebiT, sapirispiro Sedegs 

iwvevs ynosvis bolqvebSi, nuSisebr kompleqsSi da, gansakuTrebiT, 

hipokampSi. Tu hipokampSi imobilizacia aspartat+glutamatis far-

dobas asparagin+glutaminTan da gaba+glicinTan statistikurad 

sarwmunod amcirebda, imobilizebul cxovelebze x-sxivebis moqme-

deba am fardobas zrdida 67.4%-iT. tvinis sxva struqturebSic es 

kanonzomiereba SeiniSneboda, Tumca isini statistikurad saTuoni 

arian. 

amrigad, Catarebulma neiroqimiurma eqsperimentebma gviCvena, rom 

imobilizacia cxovelis Tavis tvinis struqturebSi iwvevs amino-

dikarbonis mJavebis matebas da maTi amidebis asparaginisa da glu-
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taminis Tanadroul Semcirebas. mediatorul aminomJavaTa aseTi 

cvlileba ganapirobebs agznebis procesSi monawile aminomJavebis 

(asparaginisa da glutaminis mJavebis) fardobis gazrdas Sekavebis 

procesSi monawile aminomJavebTan (gaba da glicinTan) aRniSnuli 

Zvrebi miuTiTebs cns-Si ganviTarebul agznebis procesebze. es 

neiroqimiuri Zvrebi imobilizaciidan me-2-3 dRes ganicdis cvli-

lebebs, rac mkafiod vlindeba ynosvis bolqvebSi. nuSisebr kom-

pleqsa da hipoTalamusSi SeimCneva aminomJavaTa da biogenur aminTa 

koncentraciisa da Tanafardobis optimaluri diapazoni, romlis 

farglebSi virTagvebi avlenen agresiul qcevas da xdebian `mkvle-

lebi~. 

daskvnebi 

1. virTagvebis oTxsaaTiani imobilizacia cxovelebis 70%-is agre-

siulebis dakargvas iwvevs. agresiuli qceva cxovelebSi aRar 

aRiniSneba imobilizaciidan me-12 dRes. 

2. imobilizebuli agresiuli cxovelebis dasxiveba 7 gr-iT agre-

siulobas xsnis me-2 dRes. 

3. pasiuri ganridebis reaqciis gamomuSavebasa da Semonaxvis xan-

grZlivobaSi sakontrolo da imobilizebul cxovelebs Soris 

gansxvaveba ar SeiniSneba. 

4. aqtiuri ganridebis reaqciis gamomuSaveba imobilizebul cxove-

lebSi sakontrolosTan SedarebiT gaZnelebulia da kriteriumis 

misaRwevad saWiroa SeuRlebaTa ufro meti ricxvi. 

5. imobilizebul cxovelTa dasxiveba 7 gr-iT SiSis emociur reaq-

cia-Semonaxul cxovelTa ricxvs amcirebs. gamomuSvebuli aqtiuri 

ganridebis reaqciis moSla ki radiaciuli sindromiT unda iyos 

ganpirobebuli. 

6. imobilizebuli cxovelis qceva Ria velSi normalurisgan gan-

sxvavdeba centraluri wridan gamosvlis latenturi periodiT, 

translokaciaze daxarjuli droiT, saorientacio kvleviTi 

aqtiobiT kedelTan wamodgomaTa ricxvis 2-jer SemcirebiT da 

naklebi emociurobiT. 

7. imobilizebuli cxovelebis 7 greiT dasxiveba cvlis maT qcevas 

`Ria velSi~, izrdeba centraluri wridan gamosvlis dro, xolo 

translokaciaze da erTi ujris gadakveTaze daxarjuli dro 

mcirdeba 48.0 da 30.2%-iT. mcirdeba agreTve grumingis erTi cik-
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lisTvis saWiro dro da grumingze daxarjuli drois pro-

centuli maCvenebeli. 

8. neiroqimiurma eqsperimentebma gviCvena, rom imobilizacia cxo-

velis Tavis tvinis struqturebSi iwvevs aminodikarbonis mJavebis 

matebas da maTi amidebis asparaginisa da glutaminis Tanadroul 

Semcirebas. mediatorul aminomJavaTa aseTi cvlileba ganapiro-

bebs agznebis procesSi monawile aminomJavebis (asparaginisa da 

glutaminis mJavebis) fardobis gazrdas Sekavebis procesSi 

monawile aminomJavebTan (gaba da glicinTan), ynosvis bolqvebsa 

da nuSisebr kompleqsSi. 
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ВЛИЯНИЕ СТРЕССА, ВЫЗВАННОГО ИММОБИЛИЗАЦИЕЙ, 
НА АГРЕССИВНОЕ ПОВЕДЕНИЕ ЖИВОТНЫХ И ИХ 
НЕЙРОХИМИЧЕСКИХ КОРРЕЛЯТОВ 

Георгий Иорданишвили1,  Марине Николаишвили1,  Манана Пруидзе2,   
Нино Хвития2,  Майя Джонсон3,  Ирине Квачадзе2 
1 Центр экспериментальной биомедицины им. И. С. Бериташвили, Тбилиси; 2 Тбилис-
ский государственный медицинский университет, 3 Батумский государственный 
университет 

РЕЗЮМЕ 

Иммобилизация крыс приводит к повышению агрессивного поведения крыс на 70%. Через 
12-дневной иммобилизации, животные теряют свою агрессивность. Примечательно, что 
облучение (7 гр) у иммобилизованных крыс приводит к потере агрессии в течение 2 дней. 
Не наблюдалось разницы между контрольными и иммобилизованными животными по 
сравнению с пассивной реакцией избегания. Выработка активной реакции избегания у 
иммобилизованных животных является более трудным, чем в контроле, и для достижения 
нужного критерия требуется больше сочетаний. Увеличение соотношения норадреналина к 
серотонину в миндальном комплексе, гиппокампе, обонятельных луковицах и гипоталамусе 
наблюдается в структурах головного мозга иммобилизованных животных. Облучение (7 гр) 
иммобилизованных животных вызывает уменьшение агрессивности, соотношения норадре-
налина к серотонину приближаются к соотношению контрольных крыс, при таком 
соотношении аминов животные теряют свою агрессивность и становятся неагрессивными. 

THE EFFECT OF STRESS CAUSED BY IMMOBILIZATION ON THE 
AGGRESSIVE BEHAVIOR OF ANIMALS AND THEIR NEUROCHEMICAL 
CORRELATES 

Georgi Iordanishvili1,  Marinе Nikolaishvili1,  Manana Pruidze2,  Nino Khvitia2,  
Maia Jonson3,  Irine Kvachadze2 
1 I. Beritashvili Center for Experimental Biomedicine, Tbilisi,  2 Tbilisi State Medical 
University,  3 Batumi State University 

SUMMARY 

Immobilization of rats leads to the increase of their aggressive behavior by 70%. After 12 days of 
immobilization the animals lose their aggressiveness. It is noteworthy that irradiation (7 Gy) in 
immobilized rats leads to aggression loss within 2 days. No difference was observed between the 
control and immobilized animals compared to the passive avoidance reaction. The development of 
an active avoidance reaction in immobilized animals is more difficult than in the control, and more 
combinations are required to achieve the desired criterion. An increase in the ratio of 
norepinephrine to serotonin is observed in the brain structures of immobilized animals, such as the 
amygdala, hippocampus, olfactory bulbs and hypothalamus. The irradiation (7 Gy) of the 
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immobilized animals causes a decrease in aggressiveness; the ratio of norepinephrine to serotonin 
approaches the ratio of control rats. At this ratio of amines the animals lose their aggressiveness 
and become non-aggressive. 
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ANXIOLYTIC EFFECT OF THE TREATMENT WITH THE LEMON 
BALM (MELISSA OFFICINALIS L.) TINCTURE IN RATS 

Malkhaz Makashvili1,  Tamila Bagashvili2, 3,  Giorgi Andronikashvili2,   
Tea Gurashvili2, 4,  Nino Akhobadze2,  Ketevan Gogeshvili2,  Michael Okujava2 

1 Ilia State University;  2 I. Beritashvili Center for Experimental Biomedicine;  
3 I. Javakhishvili State University;  4 Caucasus University, Tbilisi, Georgia 

Syntactic chain of grooming was found to be preserved after the exposition of rats to the 
bright light in case of preliminary treatment of animals with the tincture of the Melissa 
officinalis L., while the same stressor destroyed the syntactic chain in rats, not treated with 
the tincture. The tincture of the Melissa officinalis L. is suggested to have an anxiolytic effect 
in rats, exposed to the stressogenic stimuli. 

Key words: herbal tincture, anxiety, grooming 

Stress-induced anxiety, as a consequence of the impact of stressogenic environment on 
living things, remains poorly understood and there is much to be learnt about its effective 
treatment. Antidepressant and anxiolytic drugs remain the most commonly prescribed 
treatment for anxiety. However, the current drug therapies for anxiety have many 
limitations, including the high financial expense, delay in onset, limited efficacy, 
unwanted side effects such as anticholinergic reactions, nausea, constipation, 
hypotension, arrhythmias, weight gain and sexual dysfunction [18, 21, 23], as well as 
drug dependence and the stigma associated with consuming and depending on 
pharmaceuticals [3, 10]. Further research is necessary to find new anxiolytic drugs with 
less adverse effects and higher availability for wider community [24]. Study of the 
treating effects of natural alternatives to prescription drugs is very important with this 
respect. Herbal alternatives are distinguished with less side effects and lower costs, as 
compared to drugs, produced by pharmaceutical industry. According to the World Health 
Organization, about three-quarters of the world population relies upon traditional herbal 
remedies for the health care [9]. 

A systematic review of the published literature revealed animal and human clinical trial 
data suggesting medicines derived from the various plant species (general Ginkgo, 
Lavandula, Hypericum, Valeriana, Crataegus, Eschscholzia, Matricaria, Melissa, 
Passiflora, Scutellaria, Piper, Achillea, Angelica, Alpinia, Celastarus, Chamaecyparis, 
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Citrus Cymbopogon, Copaifera, Ducrosia, Foeniculum, Lavendula, Lippia, Spiranthera, 
Salix, Stachys) to exert anxiolytic effect [5, 6, 16, 25]. 

The current study is a part of the project targeted to find the herbal medicines which may 
be effective in the treatment of stress-induced anxiety. This study was aimed at further 
clarification of the anti-anxiety effect of a plant species Melissa officinalis L. Stress-
induced grooming in rats was used as an animal model of anxiety. Models of this kind 
attempt to approximate the natural conditions under which such emotional states are 
elicited. By employing non-painful aversive stimuli to induce fear and anxiety, 
ethological tests are thought to minimize possible confounding effects of motivational or 
perceptual states arising from interference with learning and memory, hunger and thirst or 
nociceptive mechanisms, and allow for a truly comprehensive “behavioral profiling” of 
experimental interventions. When compared with conditioned models, ethologically 
based tests seem better qualified to be analogs of human anxiety [2]. 

Behavior, expressed in strokes, licks and scratching of entire body is known as grooming. 
Grooming is an innate behavior which maybe expressed as either self-grooming or 
allogrooming – care of conspecifics body [12, 14, 15, 17, 28, 31] and is represented 
across species of vertebrates (mainly mammals and birds), as well as in some species of 
insects [14] . Grooming plays an important role in the care of body surface and regulation 
of body temperature [4], as well as in social communication among conspecifics [14, 31]. 
At the same time, grooming lowers the level of anxiety and helps in adaptation to 
stressogenic environment [1, 20, 29]. Rodents are distinguished by rich grooming 
repertoire. Grooming behavioral microstructure undergoes predictable changes in 
stressful situations [12, 17] and is used as an animal model of anxiety in translational 
medicine [14]. 

Grooming in rats consists of two principal patterns such as syntactic chain embedded in 
other forms of grooming behavior. Syntactic chain represents grooming movements into 
distinct, predictable phases that follow the cephalic-caudal direction, starting from the 
head and ending in genitals and the tail. 

The phases of syntactic chain are such as 1) licking the paws, 2) nose and face grooming 
(strokes along the snout), 3) head washing (strokes over the top of the head and behind 
the ears by the forepaws), 4) scratching body by hind paws and licking the body fur and 
5) licking hind paws, tail and genitals. Some authors distinguish 3 phases such as rostral 
grooming (grooming of forepaws, nose and face), head washing and body grooming, the 
latter comprising grooming of body, hind paws and tail/genitals [15]. 

Natural grooming develops spontaneously and maybe observed in everyday situation, 
while in the experiment grooming maybe provoked by various stressors. Stressors used 
for experimental provocation of grooming behavior are such as handling by the tail, 
restraints, placement of the rodent in novel chamber, moistening of the fur, delivering 
noise, exposition to the bright light, predator or larger conspecific. 
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MATERIAL AND METHODS 

Material 

Our experiment was performed on the total of 10 adult albino mongrel rats of both sexes. 
Rats were housed in cages according to the rules of animal care. They were divided into 2 
groups: Group 1 – five animals treated with the tincture of Mellissa officinalis L. and 
Group 2 – five non-treated rats. The tincture of Mellissa officinalis was purchased in the 
phytotherapeutic drug store. The tincture was accompanied by a medical prescription for 
the use in human newborn. The dose was converted from human to animal taking into 
account the ratio between the weight of human newborn and experimental animal. The 
rats were treated with the tincture 24 hours before the beginning of experimental 
procedure. The tincture was dissolved in the tap water. The amount of the solvent equaled 
the amount of water, consumed by rats in 24 hours. The solution was placed in the empty 
container of housing cage and consumed by animals instead of a tap water. Experimental 
chamber (40x45 cm) was made from transparent plexyglass and dimly illuminated. It was 
cleaned with ethanol solution one hour before the beginning and immediately after the 
completion of the experimental procedure. 

Procedure 

Each animal was observed separately every day during 10 consecutive days of 
observation period. Every observation day consisted of control (Contr.) and experimental 
(Exp.) procedures such as following: In Contr. the rat was removed from the cage and 
placed in the experimental chamber. After one hr. acclimation, grooming was observed 
for 30 min. It was videotaped. Afterwards, in the Exp. the animal was exposed to the 
bright light for 30 min. and grooming was videotaped for the same period. Procedures 
were repeated in the each of 10 days of observation. Both Group 1 and Group 2 
underwent the same control and experimental procedures (Contr.1/Exp.1 and Contr.2/ 
Exp. 2, respectively). 

Behavioral analysis 

The number of grooming bouts (NB) was registered. The grooming bout implies 
grooming movements that develop in sequence in particular time period. The interval 
more than 5 s determines separate grooming bouts. The NB were calculated as a number 
of separated bouts. Bout was considered to be completed (CB) if animal performed all 5 
phase movements in the sequence 0-1-2-3-4-5-0, where 0 stands for pause (5 s and more) 
between two bouts, while 1-2-3-4-5 stand for: 1) licking the paws, 2) nose and face 
grooming, 3) head washing, 4) scratching body by hind paws and licking the body fur, 5) 
licking hind paws, tail and genitals. Bout was considered incomplete (ICB) in case of the 
absence of one or more phases. Incorrect transitions (IT) between the phases were 
calculated, as well. IT implies aborted (prematurely terminated, for example 1-2-3-0, 1-2-
3-4-0), skipped (for example 1-3, 1-2-4, instead of 1-2-3, 1-2-3-4), reversed (for example 
3-2, instead of 2-3) and incorrectly initiated (for example 0-3, 0-4, instead of 0-1) stages. 
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Data were analyzed by different descriptive and inferential statistical methods using 
SPSS 20.0. The paired-simple t-test was used for within group comparisons. 

RESULTS AND DISCUSSION 

The main findings are listed bellow: 

No difference in the number of CB and ICB between the Contr.1 and Exp.1 was found. 

The number of IT was found increased in the Exp.1, as compared to the Contr. 1 (r = -
0.84, p < 0.036). 

No difference in the number of CB and IT between the Contr. 2 and Exp. 2 was found. 
The number of ICB was found increased in the Exp.2, as compared to the Contr. 2 (r = 1, 
p < 0.036). 

No difference in the number of CB, ICB and IT between the Contr.1 and Contr. 2 was 
found. 

No difference in the number of CB and ICB between the Exp.1 and Exp.2 was found. 

The number of IT was found decreased in the Exp.2, as compared to the Exp. 1 (r = -
0.891, p < 0.017). 

Increase in the percentage of interrupted grooming bouts, incorrect transitions from one 
grooming phase to another, as well as more rostral pattern of grooming is described as a 
reaction to the stressor. These changes in grooming microstructure are believed a 
behavioral marker of stress in rats [1]. On the one hand, increase in the number of IT in 
the Exp. 1 (point 2 above) suggests the exposition to the bright light to induce the stress 
in rats in the current study. On the other hand, the amount of CB remained unchanged in 
control and experimental situations. However, it is believed that the amount of grooming 
(i.e. the number of bouts) may not be a reliable indicator of animal anxiety, while the 
‘‘quality’’ of grooming – its sequencing varies substantially according to the degree of 
stress experienced [27]. Therefore, statistically reliable change in the sequence of 
grooming bouts and the increase in the number of IT in Exp.1 suggests the exposition to 
the bright light to elicit the stress in animals in this study. 

At the same time, the overall number of grooming bouts in both Group 1 and 2 remained 
the same (point 4), the data suggesting the tincture of Mellissa officinalis L. not to affect 
the motor activity of experimental animals. Increase in the IT in the Exp. 1 and decrease 
in the same grooming parameter in the Exp. 2 (points 2 and 6, respectively) suggest the 
influence of the tincture on the pattern of grooming after the exposition of rats to the 
stressor. Presumably, treatment with the tincture of Mellissa officinalis lowers the anxious 
reaction of rats to the stressor. 
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Stress-induced grooming was found to significantly decrease in rats, treated with 
Bergamot essential oil, as compared to the control non-treated animals [22]. The same 
anxiolytic effect was confirmed for aqueous extract of Alafia multiflora (Stapf)Stapf. 
stem barks in rodents [8]. Significant decrease in grooming activity in Open Field Test 
was registered in rats, treated with Arnica montana L. extract [11], as well as 
Cinnamomum tamala (Buch-Ham) T.Nees&CH.Ebern and Withania somnifera (L.) 
Dunal extracts [32]. The anxyolitic effect of Melissa officinalis L., revealed in the current 
study, is another argument for the use of natural herbal alternatives to prescription drugs 
in the treatment of anxiety. Current study does not provide direct evidence to answer the 
question as which brain structures represent the target for the tincture of Mellissa 
officinalis L. On the one hand, incomplete transitions represent the specific change in the 
pattern of grooming. In case of IT, syntactic chain is replaced by the non-sequential 
bouts, when grooming behavior is prematurely terminated, some stages are skipped, 
reversed or incorrectly initiated. Brainstem circuitry, as well as basal ganglia (in 
particular the striatum) is suggested necessary for the execution of fully patterned 
grooming sequences. The results of several experiments with brain lesions suggest that 
the essential pattern generator for syntactic chains is in the brainstem, and that the 
dorsolateral striatum may act as a forebrain controller to coordinate the normal 
completion of the chain pattern [15]. On the other hand, Melissa officinalis L. molecular 
contents (terpenoids and phenolic derivatives) are known to modulate the GABAergic 
system in the brain [19]. Based on these data, we suggest the tincture of Melissa 
officinalis L. to exert an inhibitory modulation of the neuronal systems of the brainstem 
and basal ganglia, involved in the completion of syntactic chain of grooming in rats. 

CONCLUSION 

The treatment of rats with the extract of the Lemon balm (Melissa officinalis L.) 
decreases the level of anxiety of animals in stressogenic environment. The data obtained 
provide argument for the use of natural herbal alternatives to prescription drugs in the 
treatment of anxiety. 
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dadgenil iqna, rom virTagvebis Zlier ganaTebul sivrceSi moTavsebisas 

grumingis sintaqturi Tanmimdevroba narCundeba im cxovelebSi, romlebic 

winaswar iRebdnen Melissa officinalis L.-is nayens. igive stresori arRvevs gru-
mingis sintaqtur Tanmimdevrobas im cxovelebSi, romlebsac ar miuRiaT 

barambos nayeni. savaraudod, Melissa officinalis L.-is nayeni amcirebs SfoTvas 
stresul garemoSi myof virTagvebSi. 

ПРИЕМ НАСТОЙКИ ЛИМОННОЙ МЯТЫ (MELISSA OFFICINALIS L.) 
СНИЖАЕТ УРОВЕНЬ ТРЕВОЖНОСТИ У КРЫС 

Малхаз Макашвили1,  Тамила Багашвили2, 3,  Георгий Андроникашвили2,   
Тея Гурашвили2, 4,  Нино Ахобадзе2,  Кетеван Гогешвили2,   
Михаил Окуджава2 
1 Государственный университет Ильи, Тбилиси;  2 Центр экспериментальной био-
медицины им. Ив. Бериташвили;  3 Тбилисский государственный университет им. 
Ив. Джавахишвили, 4Кавказский университет, Тбилиси 

РЕЗЮМЕ 

Показано, что лабораторные крысы, помещенные в сильно освещенном пространстве, 
сохраняют синтактический паттерн груминга в условиях предварительного приёма 
настойки Melissa officinalis L., в то время как в аналогичной стрессовой ситуации синтак-
тический паттерн нарушается у животных, не принимающих настойку. Предположительно, 
настойка Melissa officinalis L. снижает уровень тревожности крыс, находящихся под 
стрессогенным воздействием. 
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EFFECT OF ETHANOL ON THE ACTIVITY OF THE 
SYLVIAN AQUEDUCT EPENDYMAL CELLS’ 
CILIARY APPARATUS IN VITRO 

Diana Museridze,  Lali Gegenava,  Nino Gvinadze,  Sopho Kalmakhelidze 

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

Taking into account the importance of ciliated ependymal cells of the Sylvian aqueduct in the 
circulation of cerebrospinal fluid and stabilization of intracranial pressure, the purpose of 
this study was to investigate the short-term and direct effects of high and hormetic 
concentrations of ethanol on the locomotor activity of the ciliated apparatus of ependymal 
cells in vitro. The effect of various doses of ethanol (0.3 mol – 20-22 µmol) on the contractile 
activity of the Sylvian aqueduct ciliary apparatus in frontal and sagittal sections (200-300 µ) 
of the central gray matter of outbred white rat’s brain were studied in vitro. In vitro sections 
were placed in glass chambers filled with nutrient medium. At the administration of high 
doses of ethanol (0.3 mol – 0.07 mol) into the nutrient medium, the ciliary apparatus 
contractile activity was stopped after 4 minutes. This effect was also maintained at lower 
concentrations (0.02 mol – 0.02 mmol). With the introduction of 2.2 µmol, the activity of the 
ciliary apparatus increased significantly and reached 60 minutes, and with a further 
decrease in the ethanol concentration (0.2 µmol – 20-22 µmol) the activity of the ciliary 
apparatus was steadily increased and reached 150 minutes. In vitro study of the effects of 
high and low concentrations of ethanol on the ciliary apparatus of Sylvian aqueduct 
ependymal cells of rat brain has revealed that the duration of contractile activity depends on 
the concentration of ethanol and is expressed in the cessation of contractions at its high 
concentrations and the conservation of activity at ultra-low concentrations. 

Key words: ciliated ependymal cells, contractile activity, cerebrospinal fluid, Sylvian aqueduct, 
ethanol 

Long-lasting consumption of alcohol leads to the formation of chronic alcohol 
neuropathy. Of particular importance is the study of various types of neuropathies during 
intoxication of the body with ethanol, including those associated with impaired 
functioning of the ventricular system and the ciliary apparatus of the ependymal cells of 
the Sylvian aqueduct. The ciliary apparatus of ependymal cells of Sylvian aqueduct is 
sensitive to the influence of physical and chemical factors. The oscillation of the 
magnetic induction of the vertical component of the geomagnetic field has an inhibitory 
effect on the work of the ciliary apparatus [11]. Increasing the concentration of 
transmitters – glutamate, glycine, GABA and taurine in the cerebrospinal fluid slows 
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down and then reduces the operation of the device in vitro [12]. In chronic alcohol 
intoxication having penetrated from the gastrointestinal tract into the systemic circulation, 
and then into tissues and biological fluids, ethanol, due to its high solubility in lipids, 
penetrates through the membrane, ion channels and the blood-brain barrier into the 
cerebrospinal fluid, where it persists for a long time and can affect the contractility of the 
cilia, cerebrospinal fluid migration, and intracranial pressure. A number of authors has 
revealed the participation of ethanol as a risk factor for impaired mobility of ependymal 
cilia in the brain [9]. Ethanol in high concentrations inhibits protein synthesis, disrupts the 
structure of microtubules in the cilia axonema, causes a delay or complete cessation of the 
movement of cilia of ependymal cells, which leads to disruption of the formation and 
circulation of the CSF, thereby creating favorable conditions for the development of 
hypertension and hydrocephalus [8]. 

The degree of destructive effect depends on the duration and concentration of ethanol 
consumed. Long-term use of ethanol leads to the formation of Wernicke-Korsakov 
syndrome. In this syndrome, the cytotoxic effect manifests itself mainly in the region of 
the central gray matter, in the depths of which the Sylvian aqueduct is located. 
Ependymal cells lining the walls of the ventricles, through the beating of cilia, make an 
important contribution in the circulation of cerebrospinal fluid [6, 9]. The wave-like beats 
of the cilia of the ependymocytes provide the movement of fluid from the lateral 
ventricles into the third ventricle and through the Sylvian aqueduct to the fourth ventricle. 
CSF continuously flows through the ventricles of the brain – a process necessary for brain 
homeostasis [1]. The accurate regulation of cerebral blood flow is crucial for the normal 
functioning of the brain, and its impairment underlies many neuropathologies [2]. 

Taking into account the importance of ciliated ependymal cells of the Sylvian aqueduct in 
the circulation of cerebrospinal fluid and stabilization of intracranial pressure, the aim of 
this study was to reveal the features of the short-term and direct influence of different 
ethanol concentrations on the motor activity of the ciliary apparatus of the Sylvian 
aqueduct ependymal cells. 

METHODS 

The short-term and direct effects of various concentrations of ethanol on the motor 
activity of the cilia of ependymal cells of the Sylvian aqueduct of the brain of outbred 
white rats have been studied. In the form of the structure that stably maintains the speed 
and duration of the motor activity of cilia, some parts of the midbrain in the aqueduct area 
were selected. The sagittal and frontal sections were dissected using The Atlas of 
Stereotaxic Coordinates of the Rat Brain [8]. 200-300 µm thick sections were placed in 
glass chambers with plane-parallel walls filled with a nutrient medium (DMEM, Sigma, 
pH 7.3 at t 36°C). The maximum duration of movement of the ciliary apparatus in the 
control sections was determined after detection of the zone of actively working ciliary 
cells using a binocular microscope (Jena, Zeiss) under the visual control in a phase-
contrast microscope (Jenaval, Zeiss). In a series of experiments, the standard medium was 
removed and a nutrient medium with ethanol of a certain concentration was introduced 



 

 

 

 

139 

into the chamber. The following ethanol concentrations were used: 0.3 mol; 0.2 mol; 0.1 
mol; 0.06 mol; 0.02 mol; 0.002 mol; 0.2 mmol; 0.02 mmol; 2.2 µmol; 0.2 µmol; 0.02 
µmol; 0.0002 µmol; 20-12 µmol; 20-22 µmol. The results of the effects of ethanol were 
judged by the time of complete cessation of the motor activity of cilia. The slowing and 
stopping the contractile activity of cilia in addition to direct visual observations were 
determined indirectly. The preliminary experiments have shown that the contractile 
activity of the ciliary apparatus drives the nutrient fluid with red blood cells located in the 
cavity of the aqueduct sections in close proximity to the working cilia. Observations of 
the movement of red blood cells revealed a direct relationship between the speed of 
movement of red blood cells and motor activity of cilia. This dependence contributed the 
determination of the onset of slowing down of cilia up to their stop. A total of 150 
sections were studied. 

The statistical processing of experimental material has been done by the use of variation 
statistics methods (ANOVA). 

RESULTS 

In the control series of slices, the speed and duration of the contractile activity of cilia 
without changing the nutrient medium remained unchanged for 24 hours (Fig. 1). 

 
Fig. 1. Layer of ependymal cells, lining the inner surface of the Sylvian aqueduct in the sections of 
the outbred white rats brain in vitro. Moving cilia of the ependymal cells (→) 

At short-term and direct exposure to high and low concentrations of ethanol on the central 
grey matter sections, containing the Sylvian aqueduct, it has been shown that at high 
concentrations (0.3 mol – 0.01 mol) the contractile activity of the ciliary apparatus ceases 
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4 minutes after the administration of ethanol into nutrient medium. A similar picture 
persisted with a gradual decrease in ethanol concentration (0.2 mol; 0.1 mol; 0.06 mol). 
Ependymal cells of Sylvian aqueduct belong to highly specialized cells, the functional 
activity of which is closely related to the synthesis and contractile activity of the proteins 
contained in the axon microtubule. Chronic ethanol consumption leads to disruption of 
microtubule structure [10]. Ethanol of high concentration with short-term and direct in 
vitro contact with the system of cilia, having the ability to denaturation of proteins, can 
disrupt the assembly of microtubules from globular subunits in the structure of cilia, 
disrupting the processes of tubulin assembly and the movement of dienic handles, thereby 
disrupting the mode of ciliary apparatus operation [14]. It has also been shown that 
alcohol can significantly suppress the amplitude of calcium fluctuations and the 
frequency of beating of cilia [3, 7, 8]. The administration of 2.2 µmol of ethanol into the 
nutrient medium significantly increased the duration of the contractile activity of the 
ciliary apparatus and reached 60 minutes. With a further decrease in ethanol 
concentration (0.2 µmol – 20-22 µmol), the activity of the ciliary apparatus steadily 
increased and reached 150 minutes (Fig. 2). 

 
Fig. 2. Effect of different concentrations of ethanol on the activity of the ciliary apparatus. 
Abscissa – ethanol concentration, Ordinate – time of work of cilia apparatus. * – unreliable change 
between Control and Ethanol. № 1 – 0.3 mol; № 2 – 0.2 mol; № 3 – 0.1 mol; № 4 – 0.07 mol; № 5 – 
0,02 mol; № 6 – 2.2 mmol; № 7 – 0.2 mmol; № 8 -0.02 mmol; № 9 – 2.2 µmol; № 10 – 0.2 µmol; № 11 – 
0.02 µmol; №12 – 0.002 µmol; № 13 – 0.0002 µmol; № 14 – 20-12 µmol; № 15 – 20-22 µmol 

In connection with the positive effect of ultra-low doses of ethanol on the movements of 
the cilia, it should be noted the data obtained by us and a number of authors that a low 
dose of ethanol in some cases can weaken the course of pathological processes [4, 5, 13]. 

* 
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Thus, the data obtained by us revealed that the direct and short-term effects of a high dose 
of ethanol on the sections of the Sylvian aqueduct supply had a toxic effect, causing the 
cessation of the motor activity of the cilia of epithelial cells, however, at much lower 
doses of ethanol, the duration of the motor activity of the ciliary apparatus remained for a 
rather long time, almost reaching the control level. 

CONCLUSIONS 

In vitro study of the effects of high and low concentrations of ethanol on the motor 
activity of ciliary apparatus of Sylvian aqueduct ependymal cells of rat revealed that the 
duration of contractile activity depends on the concentration of ethanol and is expressed 
in the cessation of contractions at its high concentrations and the conservation of activity 
at ultra-low concentrations. 
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eTanolis zegavlena silviis wyalsadenis ependimuri 

ujredebis wamwamovani aparatis aqtiobaze 

diana museriZe,  lali gegenava,  nino RvinaZe,   

sofo kalmaxeliZe 

iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi 

reziume 

imis gaTvaliswinebiT, rom silviis wyalsadenis wamwamovan ependimur uj-

redebs gansakuTrebuli mniSvneloba aqvs cerebrospinaluri siTxis mi-

moqcevasa da intrakranialuri wnevis stabilizaciaSi, am kvlevis mizani 

iyo eTanolis maRali da dabali koncentraciebis moklevadiani da 

uSualo zemoqmedebis Seswavla wamwamovani aparatis kumSvad aqtiobaze. 

Seswavlili iyo eTanolis sxvadasxva (maRali da dabali) dozebis (0.3 

mol – 20-22 �mol) zemoqmedeba ujiSo TeTri virTagvebis Tavis tvinis 

centraluri ruxi nivTierebis 200-300 mikronis sisqis anaTlebSi in vitro 
modelur eqsperimentebSi. anaTlebs vaTavsebdiT sakvebi siTxiT Sevsebul 

minis kamerebSi. eTanolis maRali dozebis 0.3 mol – 0.007 mol sakveb 

areSi Seyvanis Semdeg wamwamebis kumSvadi moqmedeba SeCerda 4 wuTis 

Semdeg. es efeqti SenarCunda ufro dabal koncentraciebzec 0.02 mol – 

0.02 mmol. sakveb areSi 2.2 �mol-is damatebis Semdeg wamwamovani aparatis 

aqtioba mniSvnelovnad gaizarda da miaRwia 60 wuTs, xolo eTanolis 

koncentraciis Semdgomi Semcirebis Sedegad (0.2 �mol – 20-22 �mol) 

aparatis kumSvadi aqtioba gaizarda da 150 wuTs miaRwia. 

amgvarad, virTagvebis Tavis tvinis silviis wyalsadenis ependimuri uj-

redebis wamwamovan aparatze eTanolis maRali da dabali koncentraciebis 

efeqtis Seswavlam in vitro pirobebSi aCvena, rom wamwamovani aparatis 

SekumSvis xangrZlivoba damokidebulia eTanolis koncentraciaze da ga-

moixateba SekumSvis SewyvetaSi misi maRali koncentraciiT zemoqmedebisas 

da ultra dabali koncentraciis zemoqmedebisas – kumSvadi aqtiobis 

SenarCunebaSi. 

ВЛИЯНИЕ ЭТАНОЛА НА АКТИВНОСТЬ РЕСНИТЧАТОГО АППАРАТА 
ЭПЕНДИМНЫХ КЛЕТОК СИЛЬВИЕВОГО ВОДОПРОВОДА 

Диана Мусеридзе,  Лали Гегенава,  Нино Гвинадзе,  Софо Калмахелидзе 

Центр экспериментальной биомедицины им. Ив. Бериташвили, Тбилиси 

РЕЗЮМЕ 

Принимая во внимание важность мерцательных эпендимных клеток Сильвиевого водо-
провода в циркуляции спинномозговой жидкости и стабилизации внутричерепного давле-
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ния, целью данного исследования было изучение краткосрочного и непосредственного 
влияния высоких и низких концентраций этанола на двигательную активность реснитчатого 
аппарата эпендимных клеток in vitro. 

Было изучено влияние различных доз этанола (0.3 моль – 20-22 мкмол) на сократительную 
активность цилиарного аппарата эпендимных клеток Сильвиевого водопровода в срезах 
(200 – 300 мкм) центрального серого вещества головного мозга беспородных белых крыс в 
модельных экспериментах in vitro. Срезы помещали в стеклянные камеры, заполненные 
питательной средой. При введении высоких доз этанола (0.3 моль – 0.07 моль) в пита-
тельную среду, сократительная активность цилиарного аппарата прекращалась через 4 
минуты. Этот эффект сохранялся при более низких концентрациях (0.02 моль – 0.02 ммоль). 
При введении 2.2 мкмоль активность цилиарного аппарата значительно усиливалась и 
достигала 60 минут, а при дальнейшем снижении концентрации этанола (0.2 мкмоль – 20-22 
мкмол) активность цилиарного аппарата неуклонно возрастала и достигала 150 минут. 

Исследование in vitro влияния высоких и низких концентраций этанола на цилиарный 
аппарат эпендимных клеток Сильвиевого водопровода головного мозга крысы показало, что 
продолжительность сократительной активности зависит от концентрации этанола и выра-
жается в прекращении сокращений при его высокой концентрации и сохранение активности 
при ультранизких концентрациях. 
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ASSESSMENT OF THE EFFECTIVENESS OF STEPALOL E. 
IN GRAPE SEEDS OIL ON THE ALCOHOL-RELATED DAMAGE 
TO GASTRIC MUCOUS MEMBRANE IN RATS 
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Khatuna Dondoladze1,  Gogi Jiqia1,  Zaur Lomtatidze3 

1 I. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia;  2 David 
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The studies carried out showed that extraction from grape seeds oil (registered as Stepalol E.) is a 
direct correlation factor between dimensions of ulcers and indicators of oxidative stress, and 
moreover, the capacity of grape seeds oil has a positive effect on the dynamics of the 
indicated processes. The obtained data allows us to consider that the extraction from grape 
seeds oil is more reasonable to be included in the complex treatment of the patients with 
ulcer disease, who have more manifested ulcer defects with a higher degree of H. pylori 
infection and higher activity of POL, as the medicine has the evident cytoprotective, anti-
helicobacterial and anti-oxidative actions. The work has been done at I. Beritashvili Center 
for Experimental Biomedicine and Department of Microbiology of Sukhumi State 
University. 

Key words: Stepalol E., alcohol, gastric ulcer, rat, grape seeds 

Helicobacter H. Pylori exists in a half of the adult population of the world. It is possible 
to chronically colonize in gastric mucous membrane, where it is attached to epithelial 
cells. Although the majority of infected subjects feel no symptoms, Helicobacter pylori 
infection causes severe gastritis and increases the risks of gastric cancer. It is considered 
as agents of pepticulators and gastritis and is associated with lymphoma of lymphoid 
tissue related to lymphoma and gastric cancer [3, 4, 7]. H. Pylori Bacteria is one of the 
most spread bacteria infecting the humankind. It has been detected in the whole families, 
where it is transmitted from one to another. H. pylori bacterium occupies the stomach and 
esophagus. It stimulates cells to produce a large amount of gastric or hydrochloric acid. 
The acid is sent back and up from stomach causing burning or Gastroesophageal reflux 
disease (GERD) in medical language also known as acid reflux. Acid-related diseases 
also involve a common pathogenic link-acid aggression of gastric juice and the basic of 
its treatment is anti-secretory therapy. The secretion of hydrochloric acid (HCl) by 
parietal cells of mucous membrane (CO) of the stomach is determined by transmembrane 
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transfer of protons, which is carried out by means of proton pump -H+/K+ ATP phase [5, 
11, 21]. The transfer of proton pump is associated with the increase in cytoplasmic 
concentration of Ca2+ level of Cyclic adenosine monophosphate that is determined by cell 
receptor apparatus. Pump blockage completely excludes a secretory process in parietal 
cell. In the regulation of the work of proton pump 3 types of receptors are participating: 
acetylcholinic, gastric, and histaminic. At present there are 5 types of muscarine 
receptors, two of which participate in the secretion of HCl: MI – cholinoreceptors, 
localized in nervous textures of the stomach and M3 – on outer membrane of parietal cell. 
The stimulation of the given receptors triggers an acid formation. Three types of 
histaminic receptors are studied, out of which two participate in the regulation of acid 
formation: H2 receptors are localized on a membrane of parietal cells. Their stimulation 
(link with histamine) leads to the activation of adenylcyclic system of parietal cells with 
further formation of Cyclic adenosine monophosphate. The latter one acts as secondary 
transmitter activating H+/K+-ATP-ase. Besides, the concentration of Ca2+ increases in cell 
cytosol, which also activates the proton pump. H3 receptors localize on enterochromaffin-
like (ECL) cells secreting histamine. The stimulation of gastric receptors slightly 
influence the secretion of HCI. Central and peripheral mechanisms also participate in the 
regulation of gastric acid formation. Central stimulation of gastric acid formation is 
determined by the activation of hypothalamic nuclei of the vagus [2, 6, 25]. Further, 
along the fibers of vagus, the impulse is transferred to nervous textures in the stomach 
and through it to – parietal, pepsin forming, endocrine (G and D) enterochromaffin-like 
cells of mucous membrane of the stomach [27, 29, 30]. The mediator of the vagus 
stimulation is acetylcholine, which, contacting with M1 and M3 cholinoreceptors, 
activates proton pump. The vagus effects induce the secretion of histamine by ECI cells, 
which in turn stimulates HCI secretion. Thus, in central regulation of gastric secretion, 
two mediators (acetylcholine and histamine) and 3 types of receptors (M1, M3-
cholinonergic and H2-histaminic) are participating. Also the role of H. pylori in the 
regulation of acid formation is proved. The constant formation of ammonia in the process 
viability of H. pylori, causes uninterrupted alkalization of antral part of the stomach, 
destroys inhibitory mechanism of gastrin secretion, leading to hypersecretion of gastrin, 
constant stimulation of lining cells and hyperproduction of HCI; At the same time, some 
strains of H. pylori isolate cytotoxins, damaging CO. 

In 1983 Marshal and Worren were the first to have isolated H. pylori from gastric 
epithelium and proved that this bacterium caused majority of gastroduodenal diseases, 
peptic ulcers and gastric cancer [9]. H. pylori is one of the most genetically various 
bacteria (Helicobacter: spiral core; H. pylori: keeper), is a small spiral (S-like) or curved 
linear gram negative movable bacillus, microaerofillic, irregular, and coccal 
transformation happens when it is exposed to air for approximately 2 hours [8, 12, 15]. 
Approximately 50% of the world population are infected by H. pylori, this rate could 
approach 80% in some developing countries and 40% in industrially developed countries 
and this explains why scientists consider that spreading of H. pylori could be inversely 
correlated with social-economical conditions and hygiene [10, 14]. Ironically, in 
industrially developed countries a relatively high spreading of gastric cancer was 
observed, while developing countries had a low level of gastric cancer [9, 14]. The 
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mechanisms of acquiring and transmission of H. pylori has not been known yet. Although 
it is considered that the primary means of transmission is fecal-oral and gastric-peroral 
from human to human, contaminated food and water and some domestic animals [10, 16, 
17, 28]. 

Even though the treatment is usually effective, it can result in side effects, such as 
development of resistance to antibiotics [14] and recurrence because of low compliance 
[1]. Therefore, the alternative methods of the treatment of H. pylori should be studied. 
Lots of natural plant extracts with anti-H. pylori are mentioned in the studies, these 
extracts include: garlic, broccoli, cranberry, etc. [5, 13, 15, 28]. Pomegranates 
(Vitisvinifera) well known by their high levels of antioxidants and polyphenols also 
showed that they are new antimicrobial agents. In some studies it has been also reported 
about anti-H. pylori grape seeds and wines, having active chemical contents (e.g., 
Resveratrol). In some literature reviews the decrease in risks of gastric cancer by effective 
prophylactics are performed by the use of such herbal medicines, as grape seed oil. It is 
known that phenolic compounds of grape seeds are mostly flavonoids. 

 
Catechine and epicatechine phenol compounds contain a large amount of hydroxyl 
groups. It enables them to reveal anti-oxidative features and absorb atomic oxygen. It 
allows us to consider polyphenols as restoring agents. Their anti-oxidative action is 4-5 
times more than anti-oxidative potential of vitamin C and vitamin E. Polyphenols. Except 
for anti-oxidative action, grape seed polyphenols inhibit some enzymes that catalyze the 
shooting histamine into the blood; the latter determines inflammatory and allergic 
reactions of the body. Phenolic compounds protect vitamins from early oxidation and 
enable them to perform their function, where it is necessary. It is proved by the joint 
activity of such antioxidants as vitamin C and vitamin E, Selen and carotinoids [7, 8]. 
They have anti-inflammatory action, inhibit the functions of cyclooxygenase and 
hyperoxidase (action against the development of cancer cells). Phytoestrogens are 
biologically active herbal compounds. They are close to female natural hormones by 
structure and features. There are some evidences that phytoestrogens have ability to 
diminish the risk of cancer development, including breast cancer. One of the mechanisms 
that explain the activity of phytoestrogens, is their ability to connect and activate natural 
mechanisms of gastric mucincathelicidin LL-37 and O-glycan of hereditary system in the 
host body. These mechanisms have the key role in gastric against H. pylori infection. LL-
37 is proteolitic processing peptide. LL-37 enables to stop the growth of bacteria, which 
is carried out by neutralization of bacterial wall and by connection of specific receptors 
existing in host cellular membrane. hGAP18 is antimicrobial peptide, while hGAP18/LL-
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37 is multifunctional peptide, which is activated by H. pylori at the expense of gastric 
epithelium by cathelicidin or its derivate LL-37 believing that it will balance the existence 
of H. pylori in inhabitancy by the protection of mucous membrane. Cationic antibacterial 
peptides (GAPS), along with LL-37 are the potential source of new antibacterial 
molecules [26, 30]. All the mentioned suggest that bile acids based on antimicrobial 
agents oppose protolithic degradation and inhibition of mucin. Grape seed polyphenols 
possess specific affinity with some proteins and peptides. The reactions between protiens 
and polyphenols could be used for the inhibition of some enzymes. This influence can be 
used in the treatment of ulcers caused by H. pylori. It is also known from the literature 
that pro-cyanides and pro-anti-cyanides extracted from grapes seed prevent the body from 
the growth of cancer cells. In rats when the concentration of grape seed oil is 0.5 mg/ml, 
the amount of spontaneous mutations decreased by 65%, while in the conditions of the 
same concentration nuclear mutation decreased by 92%, which is performed by the 
neutralization of bacterial wall and by the connection of specific receptors existing in host 
cellular membrane. Hence our goal is to study the influence of Stepalol E. derived from 
cold pressured grape seed oil on gram positive, as well as gram negative bacteria [19, 20]. 
In our opinion this medicine can be used for the prevention of H. pylori. The medicines 
such as aspirin and its analogues such as glucocorticoids, reserpine, etc. cause the 
decrease in synthesis of mucin and prostaglandins, as well as the decrease in the 
regeneration of gastric mucous membrane. Acetylsalicylic acid once penetrates gastric 
epithelial cells and vessels endothelium, causes capillary bleeding, severe dystrophic and 
erosive changes in gastric mucous membrane, decreases the proliferative activity of 
cambial zone cells. Consequently, the decrease in mucous formation occurs and muco-
lytic effect is detected that is manifested by the dissociation of mucous formation struc-
tures and then by the elimination of mucous protective features. Acetylsalicylic acid causes the 
resistance of gastric mucous membrane with the destroy of metabolic processes: by 
switching off phosphorylation and oxidative processes and finally by de-energization of 
cellular systems, blocks Na/K+ pump disrupting ionic homeostasis [18, 24]. 

MATERIAL AND METHODS 

Wistar line rats weighing 150-170 g were chosen for the experiment. In control and 
experimental groups were 18-18 rats. There were 3 groups of animals: the first group – 
control with 25 mg / 100g of weeding water and Stepalol E., the second group – 25 mg / 
100g of alcohol, and the third group – water and Alcohol + Stepalol E. administration 
daily for 10 days. The animals were both sexes in identical conditions on standard 
feeding. Gastric wall was damaged by administration of 25 mg/100 g/kg alcohol once a 
day. Stepalol E. was administered from the first day of alcohol usage daily for 10 days. 
Malonildialdehyde (MDA), ELISA Kit (#MBS9389387). 

RESULTS 

The results of gastric mucous membrane damage are given in Table 1. Based on the ana-
lysis of the received data, it is obvious that the administration of Stepalol E. statistically 
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reliably reduces the average data of erosion in experimental animals (17.8 ± 1.45 мм2) 
compared with control ones (48.62 ± 4.4 мм2). According to the experiments, in the 
animals who were administered Stepalol E. along with peritoneally injected water, the 
average data were reduced per 1 erosion animal than in control ones, where the average 
number of Paul’s index in case of destruction such as striped erosion and splinter 
hemorrhages was less than in control animals. 

Table 1 

The impact of alcohol on the development of erosion in rats (М ± m, n = 6) 

A group of animals after administration of alcohol and 
Stepalol E. Index of the gastric mucosa Alcohol+water 

Control 
Alcohol+ Stepalol E. 

Animals 
Stepalol E. and 

water 
Hyperemia 
relative unit (from 0 to 4) 3.3 3 2.6 

Splinter hemorrhages 67.0 ± 2.9 45.65 ± 3.9 42.68 ± 4.9* 

The average number of dotty 
blood vessels in one animal 11.78 ± 0.59 7.0 ± 0.31 6.0 ± 0.33* 

Paul’s index of dotty 
hemorrhages  11.7 8.0 5.0 

The average size of erosion 48.62 ± 4.4 мм2 35.5 ± 3.8 мм2 15.0 ± 3.9 мм2* 

The average number of 
erosion in one animal 1.6 ± 0.25 1.3 ± 0.8 1.2 ± 0.16 

Paul's index for erosion 1.6 1.3 1.1 

The average sizes of striped 
erosion, mm 14.68 ± 0.20 11.56 ± 0.22 7.67 ± 0.20* 

The average number of 
striped erosion in one animal 3.34 ± 0.13 2.65 ± 0.12* 2.64 ± 0.12* 

Paul's index for striped erosion  3.34 2.65 1.67 

* – Authenticity in relation to controller < 0.05 

Hyperemia and relief smoothness are well visible in rats, where alcohol and Stepalol E. 
are observed. It should be noted that the sizes of the surface of the mucous membranes in 
case of splinter hemorrhages were greater in the group of rats, where alcohol and water 
were administered by 67.0 ± 2.9 than alcohol and Stepalol E. by 42.68 ± 4.9 *. 
Biochemical data are given in Table 2. It was also shown that the free NS1 indicator was 
relatively more in rats taking Stepalol E. + alcohol, but fewer in those rats, which were 
administered Stepalol E. with water. As for pepsin, it was alcohol + water 487 ± 21.5, 
alcohol + Stepalol E. 460.0 ± 9.14 and alcohol + water – 478.5 ± 25. 
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Fig. 2. The impact of 
Stepalol E. and the 
decrease in size of 
ulcer splinter hemor-
rhages after administ-
ration of alcohol 

Thus, we can make a conclusion that the application of Stepalol E. during the gastric 
mucosal damage causes a decrease in the destruction degree in the stomach or, in other 
words, it has gastroprotective effect. Biological membranes are of great importance and 
the focus of science is directed towards them. The important role of its function depends 
on the active form of oxygen. Oxidative peroxidation, today according to many authors is 
the universal mechanism of damaging membrane structures during various pathological 
processes. Under the effect of oxidative radicals, enzymatic and non-enzymatic 
antioxidant systems play the protective factor of the structural and functional integrity of 
membrane plays an important role in the normal functioning of the cell [24, 26]. 
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Fig. 3. The impact of Stepalol E. and Paul’s index for erosions (A), Paul’s index – for the striped 
erosion (B), Paul’s index – for dotty hemorrhages after administration of alcohol (C) 

Table 2 

Biochemical indicators of gastric juice during the development of aspirin ulcer in 
Wistar rats (М ± m, n = 6) 

Rats under appropriate procedure 
Indicators 

Alcohol + water Alcohol + Stepalol E. Stepalol E. + water 

Total acidity, a titer 55.16 ± 1.07 61.31 ± 0.7* 41.6 ± 2.37 

Free NS1, a titer  13.14 ± 1.15 15.5 ± 0.7 8.05 ± 0.77 

Secretion of gastric juice, 
ml / 100g х h 0.25 ± 0.01 0.22 ± 0.5 0.35 ± 0.02* 

Pepsin, mg /% 478.5 ± 25. 8 460.0 ± 9.14 487.0 ± 21.5 

* – Authenticity in relation to controller < 0.05 
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Fig. 5. Histopathological analysis of the gastric mucosain rats infected by alcohol. (a) Hyperemia, 
(b) hyperplasia, (c) erosion, (d) Uninfected, antioxidant properties of Stepalol E. H&E×40 

In experimental and clinical studies, the reactions of LPO were studied and are being 
studied in case of peptic ulcer of the stomach and duodenum. However, until now, the 
features of LPO in this pathology have not been fully disclosed, the question of the state 
of LPO at different stages of peptic ulcer has not been elucidated, which in many ways 
can determine the place and role of free radical reactions in the pathogenesis of this 
disease. We have investigated the antioxidant activity of Stepalol E. on the model of 
gastric ulcer in white rats caused by the administration of alcohol by evaluating the 
inhibition of the formation of a colored malonic dialdehyde complex (MDA), the final 
product of LPO with thiobarbituric acid. The malonic dialdehyde concentration was 
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calculated using the molar extinction coefficient and the result expressed in n/mol for the 
sample. 

The contents of malondialdehyde in the homogenets are 2.89 ± 0.12 nm/g and during the 
processes developed under the effect of Stepalol E. it reaches 4.2 ± 0.15 nm/gr. The 
difference between statistics is statistically significant (R < 0.005), which once again 
approves the antioxidant properties of Stepalol E. and the membrane stabilizing effect 
that stimulates the regenerative processes of the damaged gastric wall. 
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Fig. 6. Malondial-
dehyde content under 
Stepalol E. effect 

The studies have shown that the inclusion of grape seeds oil (registered under the name 
Stepalol E.) serves as the direct corrective agent between the size of the ulcer, and the 
indices of oxidative stress, as well as the ability of grape seeds oil to affect positively on 
the dynamics of these processes. The obtained data make it possible to consider more 
appropriate the inclusion of grape seeds oil (Stepalol E.) in the complex treatment of 
patients with peptic ulcer with a more expressed ulcerative defect with a higher degree of 
H. pylori infection and a higher activity of LPO, since the medicine has expressed 
cytoprotective, anti-Helicobacter and antioxidative actions. 

CONCLUSIONS 

1. Cold pressing of the grape seed oil for use in alcohol-induced gastritis promoted 
complete regeneration of the ulcerative defect with the formation of tender scars after 
12 days of treatment in 76-80%, while in the control groups a positive effect was 
noted in 66% of cases. 

2. The inclusion of oil from the bones of grapes with a morphological study of biopsy 
specimens of the gastric mucosa, a more pronounced decrease in the inflammatory 
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process was noted, which was manifested by a more pronounced decrease in the 
number of interepithelial lymphocytes and neutrophil granulocytes. 
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alkoholTan dakavSirebuli kuWis lorwovani garsis 

dazianeba da yurZnis wipwisgan miRebuli zeTis  

stepaloli E.-is efeqturobis Sefaseba virTagvebSi 
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reziume 

Catarebulma kvlevebma aCvena, rom yurZnis wipwisgan miRebuli zeTi (da-

registrirebulia, rogorc stepaloli E.) aris uSualo makorelirebeli 

faqtori wylulebis ganzomilebebsa da oqsidaciuri stresis maCveneblebs 

Soris. ufro metic, yurZnis Teslis zeTis moqmedeba dadebiT gavlenas 

axdens miTiTebuli procesebis dinamikaze. mopovebuli monacemebi saSua-

lebas gvaZlevs vifiqroT, rom yurZnis Teslidan miRebuli zeTi mizanSe-

wonilia Sevides wylulovani daavadebis mqone pacientTa kompleqsur 

mkurnalobaSi, romelTac aqvT ufro gamoxatuli wylulovani defeqtebi, 

mag., gamowveuli H. pylori infeqciebis maRali doniT, radgan medikaments 

aqvs aSkara citoproteqtoruli, antihelikobaqteriuli da antioqsidan-

turi moqmedebebi. kvlevebma aCvena, rom yurZnis Teslis zeTis CarTva 

wylulis zomis uSualo makoreqtirebeli saSualebaa da yurZnis wipwis 

zeTis gavlena dadebiTad moqmedebs am procesebis dinamikaze. 

samuSaoebi Sesrulebulia i. beritaSvilis eqsperimentuli biomedicinis 

centrSi. 
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КОСТОЧЕК ПРИ АЛКОГОЛЬНОМ ПОВРЕЖДЕНИИ СЛИЗИСТОЙ 
ОБОЛОЧКИ ЖЕЛУДКА У КРЫС 
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РЕЗЮМЕ 

Проведенные исследования показали, что экстракция из масла виноградных косточек 
(зарегистрировано как Степалол Е.) является прямым коррелирующим фактором между 
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размерами язв и показателями окислительного стресса, причем емкость масла виноградных 
косточек оказывает положительное влияние на динамику указанных процессов. 
Полученные данные позволяют считать, что извлечение из масла виноградных косточек 
более целесообразно для включения в комплексное лечение пациентов с язвенной бо-
лезнью, имеющих более выраженные язвенные дефекты с более высокой степенью инфек-
ции H. Pylori и более высокой активностью ПОЛ, так как лекарство обладает выраженным 
цитопротекторным, анти-хеликобактериальным и антиоксидантным действием. 

Исследования показали, что включение масла виноградных косточек служит прямым 
корректирующим фактором между размером язвы и показателями окислительного стресса, 
а также способностью масла виноградных косточек влиять положительно на динамику этих 
процессов. 

Работа выполнена в Центре экспериментальной биомедицины им. И. Бериташвили. 
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INFLUENCE OF MYELIN BASIC PROTEIN CHARGE ISOMERS 
ON IL-33 AND GALECTINE-3 EXPRESSION IN ASTROCYTES 
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During demyelinating diseases, many peptide fragments and isomers of myelin basic protein 
are formed in the brain. Along with pro-inflammatory agents, they can strengthen the glial 
cell proliferation and neuron damage. Astrocytes are increasingly a source of cytotoxic 
mediators, rather than their targets. Among CNS alarmins, most impressive is IL-33 and 
galectin-3, which are released from astrocytes and oligodendrocytes immediately after CNS 
injury and promoted inflammation or recovery following CNS injury. We have studied 
whether myelin isomers have an effect on the release of IL-33 and Gal-3 in astrocytes. Our 
results have shown that the changes in the ratio of the C8 / C1 isomers can regulate the 
expression and production of these two cytokines – IL-33 and Gal-3, and consequently, may 
influence the processes of myelination/demyelination/remyelination. 

Key words: myelin basic protein, IL-33, galectin-3, citrullination, myelination 

This lipid-rich membrane is essential for proper nerve conduction and maintenance of 
neuronal health. Myelin basic protein (MBP) is one of the most abundant proteins of the 
mammalian myelin sheath and plays a structural role in maintaining myelin stability. 
MBP is localized on the cytoplasmic side of the myelin membrane. There are 4 isoforms 
of protein in the myelin sheath. In addition, each protein isoform can exist in the form of 
several charge isomers. Alteration of MBP cationicity may represent a regulatory 
mechanism for normal myelin assembly or a degradative mechanism in demyelinating 
disorders. MBP shows extensive post-translational modifications, including the 
deimination of the arginine residue. Deiminated MBP is structurally less ordered and 
more susceptible to proteolytic attack. The reduction in cationicity of deiminated MBP 
impedes the membrane assembly and exposes an immunodominant epitope in the 
membrane-bound protein to proteases. This exposure may cause a deiminated, highly 
immunogenic epitope to be released to prime the innate cells of the CNS. Deimination of 
arginine occurred at several sites and was elevated in MS, and the degree of deimination 
(or citrullination) of MBP is correlated with the severity of MS. 
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During demyelinating diseases many peptide fragments and isomers of myelin basic 
protein are formed in the brain. Along with pro-inflammatory agents, they can strengthen 
the glial cell proliferation and neuron damage. Astrocytes are increasingly a source of 
cytotoxic mediators, rather than their targets. They are much more resistant cells than 
oligodendrocytes. Moreover, they are more active and are continually rescuing the degree 
of proliferation in response to mediators, which can kill myelin-generating glial cells [1]. 
It is known that the cellular concentration of antioxidants, such as glutathione and alpha-
tocopherol is much higher in astrocytes than in neurons, and perhaps, it protects their 
mitochondrion from injuries [8]. 

Among CNS alarmins, most impressive are IL-33 and galectin-3, which is released from 
astrocytes and oligodendrocytes immediately after CNS injury and promoted 
inflammation or recovery following CNS Injury [5, 14, 15]. Interleukin-33 is one of the 
newly described members of the IL-1 family. The IL-33 receptors are expressed in 
specific regions of the brain and spinal cord and play a crucial role in the development 
and homeostasis of the CNS. The primary source of local IL-33 are astrocytes. The 
deletion of IL-33 genes in these cells leads to abnormal synaptic connections. IL-33 dose-
dependently induces nitric oxide production by microglia. 

Thus, IL-33 produced in the CNS activates microglia and may function as a pro-
inflammatory mediator in the pathophysiology of the CNS. IL-33 is involved in the 
neuroinflammation of many neurological diseases. Different studies suggest that IL-33 is 
involved in the myelination process during the CNS development and also likely the 
repair phase in demyelinating diseases such as MS [13]. 

The second alarmin that is expressed in astrocytes and participates in the recovery 
processes of the central nervous system is galectin-3. Galectins are a group of 
evolutionarily conserved proteins. Gal-3 is the only member of the Galectin family 
chimera-type group [10]. It is found extracellularly after being released from cells 
following different stimuli, like LPS and interferon-γ, in both physiological and 
pathophysiological conditions [4, 7]. Extracellular Gal-3 participates in a wide range of 
functions, both acute and chronic inflammation. As it thought to be potent regulators of 
neuroinflammation, it is not surprising that their dysregulation is associated with several 
diseases [13]. Extracellular galectin-3 affects the differentiation of progenitor cells of 
oligodendrocytes. As galectin-3 is expressed during development, we may assume that it 
must participate in the processes of demyelination/remyelination. It is experimentally 
seen that in Lgals3−/− mice (C57Bl/6) – decreased percentage myelinated axons and 
myelin turns, based on this, myelin is loosely wrapped and less smooth. This alarmin is 
required for proper production and organization of myelin [6]. 

In the previous study, we have found that citrullination (i.e. deimination arginine 
residues) of myelin basic protein leads to the abnormal formation of myelin membranes 
[11]. The citrullinated peptide 45-89 released from modified deiminated MBP, activates 
microglial cells, and subsequent generation of nitric oxide induces damage of oligo-
dendrocytes that may be a first step in the initiation of demyelinating disorders [12]. 
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The purpose of our experiments was to study whether myelin isomers affect the release of 
IL-33 and Gal-3 in astrocytes. 

MATERIAL AND METHODS 

Preparation of MBP isomers 

MBP was isolated and purified from bovine brain white matter according to the method 
of Chou et al. [2], followed by HPLC. Briefly, the acid-soluble material was dissolved in 
urea-glycine buffer, pH 9.6 and applied on a CM-52 cellulose cation exchange column, 
equilibrated in urea-glycine buffer, pH 10.5. Following the application of the sample, 
urea-glycine buffer (pH 10.5) flow was continued until the first big peak had completely 
eluted. This unbound fraction is the least cationic isomer, i.e., MBP C8. The charge 
isomers C-5, C4, C3, C2 and C-1 were eluted from the column with a sodium chloride 
gradient (0-0.2 M) in the glycine-urea buffer, pH 10.6. The most cationic, least modified 
charge isomer was C-1. Further purification of C-8 was achieved by HPLC on a C-18 
reverse phase column (Nova Pak, Waters) using a trifluoroacetic acid (0.05 %)-
acetonitrile (0-60 %) solvent system. 

Cell Cultures 

Primary mixed glial cell cultures containing astrocytes, microglia and oligodendrocytes 
were prepared from whole brains of 2-day-old Wistar rats. The initial mixture of 
dissociated glial cells was seeded in 75 cm2 flasks coated with poly-D-lysine. The 
cultures were maintained in DMEM with 10% fetal calf serum and cultured for 48 h. This 
step provides a means of separating adherent cells, such as microglia and astrocytes, from 
nonadherent cells, such as oligodendrocytes. The nonadherent oligodendrocyte fraction 
was plated into poly-D-lysine-coated 25 cm2 flasks. For isolation of microglial cells, 
confluent cultures between days 12 and 14 were agitated on a rotary shaker at 370 C at 
220 rpm for 1 h. The floating cells were collected and incubated in tissue culture plates. 
After 1 h, the cultures were washed. The adherent cells were identified as microglia. The 
astrocytes, i.e., the cells remaining adherent after the removal of microglia, were removed 
from the flasks by incubation with 0.25 % trypsin for 10 min. 

Incubation of Cells with MBP 

Cells were incubated for 24 h in the absence and presence of 0.5 µM MBP or its peptide 
in serum-free DMEM, at 370 C in a humidified atmosphere of 95% air/ 5 % CO2. 

IL-33 and Gal-3 expression assay. To assess IL-33 , IL-33 assay kit (Abcam) was used. 
The analysis was carried out according to the manufacturer’s instructions. 

To assess Gal-3 expression, Gal-3 Kit (Abcam) was used. The analysis was carried out 
according to the manufacturer’s instructions. 
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Statistical Analysis 

Data shown in this study are expressed as mean ± SEM. Statistical significance was 
analyzed by one-way analysis of variance (ANOVA) followed by Tukey test with the 
significance level set at p < 0.05. 

RESULTS AND DISCUSSIONS 

In the present work we used pure fractions of the myelin basic protein charge isomers C1 
and C8, which are markedly different forms. They have a different association and 
dissociation kinetics for the interaction with the lipid membrane [11]. For this purpose, 
MBP was isolated from bovine brain white matter, and for the separation of MBP 
isomers, the acid-soluble material was applied to a CM-52 cellulose cation-exchange 
column. The first, unbound fraction, was the least cationic isomer – citrullinated MBP 
C8. Other charge isomers were eluted from the column with a sodium chloride gradient 
(0-0.3M). The most cationic and least modified charge isomer C1 was the last one to be 
eluted from the column. 

Primary astrocytes were incubated with myelin basic protein charge isomers C1 and C8. 
Incubation was carried out for 24, 48, and 72 h. After 24 h incubation, it was found 
that IL-33 expression/production by acting C8 isomer was increased by almost 2 
times, compared to the control. Increased expression was also observed in the case of 
C1, although this was much less of an effect compared to C8. As the incubation time 
increased, the impact of C8 decreased, i.e., the maximum effect was observed during 24-
hour incubation (Fig.1). 

Fig. 1. Production of IL-33 
in response to MBP charge 
isomers by primary astro-
cytes. Cells were treated 
with MBP charge isomers 
and LPS for 24 h, and then 
the culture supernatants 
were assayed for IL-33 by 
ELISA. Values in the 
ELISA (means ± SD) are 
representative of three ex-
periments. Each assay was 
performed at least in dup-
licate 
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In the same cells, we determined the effect of myelin basic protein charge isomers on 
galectin-3 production. In the case of galectin-3, no significant changes were observed 
during 24 and 48 h incubations. As for the 72-hour incubation period, the effect of C1 
increased 2-fold compared to control and C8 (Fig. 2). 

Fig. 2. Production of 
Gal-3 in response to 
MBP charge isomers by 
primary astrocytes. 
Cells were treated with 
MBP charge isomers 
and LPS for 72 h, and 
then the culture 
supernatants were 
assayed for Gal-3 by 
ELISA. Values in the 
ELISA (means ± SD) 
are representative of 
three experiments. Each 
assay was performed at 
least in duplicate 

The results showed that C8 and C1 had different effects on astrocytes, and these were 
time-dependent effects. After the damage to the myelin sheath, some of these isomers 
extend beyond the myelin sheath and become loose. One of their targets are astrocytes. 
Based on our data, we can assume that within 24 hours of action, C8 begins to provoke 
inflammatory processes by releasing appropriate cytokines, including IL-33. As is well 
known, IL-33 has been elevated in normal-appearing white matter, and plaque areas from 
MS brains and astrocytes were identified as an important source of IL-33 expression in 
the CNS. IL-33 levels are elevated in the periphery and CNS of MS patients, implicating 
IL-33 in the pathogenesis of MS [3]. 

So, we can assume that elevated IL-33 level in MS maybe caused by the action of C8 
isomer and the higher the C8 / C1 ratio, the higher the degree of IL-33 secretion from 
astrocytes, which affects oligodendrocytes and further enhances demyelination processes. 

Recent literary emphasis on the emerging role of galectins in myelination/remyelination. 
Based on our data, the C1 isomer increases the expression of this alarmin after 72 hours. 
At this moment (72h) IL-33 production is decreased. Therefore, we may consider the 
following scheme of action of isomers: in the first stage of demyelination, the C8 isomer 
initiates the inflammatory process, and in the later stage, the effects of C1 are involved in 
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the recovery process. The changes in the ratio of the C8 / C1 isomers can regulate the 
expression and production of these two cytokines and, consequently, may influence the 
processes of myelination/demyelination/remineralization. 
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mielinis fuZe cilis muxtiT ganpirobebuli izomerebis 

zegavlena interleikin-33-isa da galeqtinis eqspresiaze 

astrocitebSi 

marika CikvilaZe1,  lali SanSiaSvili1, 2,  irine kalandaZe2,  

elnar zaaliSvili2,  daviT miqelaZe1, 2 

1 qimiuri biologiis instituti, ilias saxelmwifo universiteti, 

Tbilisi, saqarTvelo;  2 ivane beritaSvilis eqsperimentuli biomedi-

cinis centri, Tbilisi, saqarTvelo 

reziume 

demielinizaciis daavadebebis dros, tvinSi mielinis fuZe cilis mravali 

peptiduri fragmenti da izomeri warmoiqmneba. maT, anTebiT agentebTan 

erTad, gliuri ujredebis proliferaciis gaZliereba da neironis da-

zianeba SeuZliaT. astrocitebi citotoqsikuri mediatorebis wyaros ufro 

warmoadgens, vidre maT samizneebs. centraluri nervuli sistemis 

alarminebs (gangaSis molekulebs) Soris, yvelaze metad STambeWdavebia 

interleikini-33 da galeqtin-3, romlebic gamoiyofa astrocitebidan da 

oligodendrocitebidan uSualedo cns-is dazianebis Semdeg da cns-is 

dazianebis Semdeg iwvevs an anTebas an aRdgenas. Cven SeviswavleT mielinis 

fuZe cilis izomerebis efeqti interleikin-33-isa da galeqtin-3-is gamo-

yofaze astrocitebSi. Cvenma Sedegebma aCvena, rom C8/C1 izomerebis far-
dobiTi mniSvnelobis cvlilebas SeuZlia am ori citokinis – inter-

leikin-33-isa da galeqtin-3-is – eqspresiisa da produqciis regulireba, da 

Sesabamisad, zegavlenis moxdena mielinizaciis / demielinizaciis / re-

mielinizaciis procesebze. 

ВЛИЯНИЕ ОСНОВНЫХ ИЗОМЕРОВ МИЕЛИНОВЫХ БЕЛКОВ 
НА ЭКСПРЕССИЮ IL-33 И ГАЛЕКТИНА-3 В АСТРОЦИТАХ 

Марика Чиквиладзе1,  Лали Шаншиашвили1, 2,  Ирине Каландадзе2,  
Элнар Заалишвили2,  Давид Микеладзе1, 2 

1 Институт химической биологии, государственный университет Ильи, Тбилиси, 
Грузия;  2 Центр экспериментальной биомедицины Ив. Бериташвили, Тбилиси, Грузия 

РЕЗЮМЕ 

При демиелинизирующих заболеваниях в головном мозге образуются многие пептидные 
фрагменты и изомеры основного белка миелина. Они вместе с провоспалительными 
агентами могут усиливать пролиферацию глиальных клеток и повреждение нейронов. 
Астроциты все чаще являются источником цитотоксических медиаторов, а не их мишеней. 
Среди аларминов ЦНС наиболее впечатляющими являются ИЛ-33 и галектин-3, которые 
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высвобождаются из астроцитов и олигодендроцитов сразу после повреждения ЦНС и 
способствуют воспалению или восстановлению после повреждения ЦНС. Мы изучили, 
влияют ли изомеры миелина на высвобождение IL-33 и Gal-3 в астроцитах. Наши 
результаты показали, что изменения в соотношении изомеров C8 / C1 могут регулировать 
экспрессию и продукцию этих двух цитокинов – IL-33 и Gal-3 – и, следовательно, могут 
влиять на процессы миелинизации / демиелинизации / ремиелинизации. 
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koronavirusi da sporti 

durmiSxan CitaSvili1,  elene korinTeli2,  nana berianiZe2,  

vaJa balxamiSvili3,  Temur bendianiSvili4,  giorgi asaniZe5 

1 ilias saxelmwifo universiteti;  2 saqarTvelos saxelmwifo fi-

zikuri aRzrdisa da sportis saswavlo universiteti;  3 saqarT-

velos Ziudos federacia;  4 saqarTvelos ragbis federacia;  
5 saqarTvelos Zalosnobis federacia 

sapasuxismgeblo Sejibrebebis win sportsmenebi yovelTvis amowmeben 

TavianT fizikur da funqciur monacemebs da amis safuZvelze adgenen 

taqtikuri moqmedebis gegmas maRali Sedegebis miRwevisTvis. 

oTxi Tvis ganmavlobaSi koronavirusma daarRvia mzadebis yvela norma, 

rac mwvrTnelTa SefasebiT sxvadasxva niSnulebiT gamovlinda sportis 

saxeobebis mixedviT. 

sakvanZo sityvebi: koronavirusi, asakobrivi monacemebi, statikuri varji-

Sebis xarisxobrivi maCveneblebi, wonis problemebi 

koronavirusis (Covid-19) moulodnelma gamoCenam msoflio mosax-

leobis didi umravlesoba sagonebelSi Caagdo da rogorc erTi 

kaci ise aRsdga misi ganeitralebisTvis. 

dRemde am veragi virusis ganeitralebis saSualeba ar arsebobs da 

Tuki ram aris misi zemoqmedebis ganeitralebisTvis SesaZlebeli, 

msoflio am kiTxvaze saboloo pasuxis Ziebis formaSia. swored 

amis gamo msoflios bevrma qveyanam koronavirusTan `brZolaSi~ 

dadebiTi Sedegis misaRebad sxvadasxva meTodebis danergvas Seuwyo 

xeli. am mxriv saqarTveloSi iseve, rogorc mTels msoflioSi 

ZiriTadi slogani gaxda saxlidan gausvleloba, agreTve pirbadis 

aucilebeli tareba, partniorTan ori metris daSorebiT yofna, 

xelebis sapnis gamoyenebiT xSiri dabana, sazogadoebis wevrebis 

erTmaneTisgan distancireba da sxva saxis damcavi saSualebebi. 

ar SeiZleba ar aRiniSnos samedicino personalis is didi Zalis-

xmeva, romlebic dRe da Rame ibrZvian veragi koronavirusis winaaRmdeg. 
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koronavirusTan brZolaSi pirvelive dRidan praqtikulad arian 

CarTulni saqarTvelos Sinagan saqmeTa da Tavdacvis saminis-

troebis warmomadgenlebi, romelTa aqtiuri moqmedebebis Sedegad 

Caiketa qveynis sazRvris yvela sakontrolo punqti da qveyanaSi 

TiToeuli Semomsvleli Tu gamsvleli sakontrolo Semowmebas da 

orkvirian karantins gadis, xolo koronavirusis romelime si-

mptomis aRmoCenis SemTxvevaSi isini Tavsdebian Tanamedrove samedi-

cino aparaturiT aRWurvil samedicino dawesebulebebSi, sadac 

saqarTvelos xelisufleba uzrunvelyofs maTi normaluri cxov-

rebis pirobebs. isini orjeradad mowmdebian da virusze uaryofiTi 

pasuxis SemTxvevaSi dadebiTad wydeba sakiTxi turistis Tavisuf-

lad gaSvebis Sesaxeb. 

saqarTvelos mTavrobam premier-ministris batoni giorgi gaxarias 

xelmZRvanelobiT msoflios daanaxa, rom drouli da energiuli 

profilaqtikuri da mkurnaloba-reabilitaciuri moqmedebebis Sede-

gad miRweul iqna SesamCnevi warmatebebi am veragi daavadebis maqsi-

malurad SekavebiT msoflios ganviTarebul qveynebTan SedarebiT. 

koronavirusma udidesi dartyma miayena msoflios, rac SemdegSi 

gamoixateba: gardaicvala mravali aTasi adamiani, mkveTrad da-

zianda qveynebis ekonomika, umuSevrad darCa mravali aTasi adamiani, 

mniSvnelovnad moiSala sportuli saqmianoba, saSiSroeba Seeqmna 

soflis meurneobis perspeqtiuli sakiTxebis droSi gadaWras, 

garTulda saganmanaTleblo dawesebulebebis saqmianoba, virusma 

uaryofiTad imoqmeda satransporto saSualebebis gamoyenebaze, 

droebiT moiSala kavSirebi Tbilissa da qveynis regionebs Soris. 

umokles droSi uamravi sakiTxi gaxda gamosasworebeli. umniSvne-

lovanes sakiTxTa Soris koronavirusis arsebobam didi ziani 

miayena sportiT dakavebuli adamianebis SemoqmedebiT saqmianobas. 

sportis umravles saxeobebSi Sewyda aqtiuri saqmianoba, gaur-

kveveli vadiT gadaido mravali mniSvnelovani sportuli aspare-

zoba, msofliosa da evropis Cempionatebi, maT Soris tokios 

olimpiuri TamaSebi. yovelive aman mniSvnelovani fsiqologiuri 

gavlena moaxdina sportis mTel rig mwvrTnelebsa da sports-

menebze, gamoiwvia ra maTSi pesimizmi da depresiebi. magram sports-

menTa umravlesobam gamonaxa sxvadasxva gzebi fizikuri da fsi-

qologiuri mdgomareobis SesanarCuneblad. 

am sakiTxebis Sesaxeb gavesaubreT sportis ramdenime saxeobis 

wamyvan specialistebs (mwvrTnelebs), romlebmac mogvawodes dawvri-

lebiTi informaciebi sportsmenTa sportuli formis Sesaxeb. isini 
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SeSfoTebulebi arian imiT, Tu ramdeni Tve dasWirdebaT sports-

menebs aRidginon `forma~ Sejibrebaze gamosvlisTvis. 

ufrosi mwvrTnelis nino berianiZis mosazrebiT, akrobatikaSi 

daSvebuli saxeebidan SedarebiT xanmokle droSi sportuli formis 

aRdgena SeiZleba individualur saxeSi movarjiSisTvis. wyvilebsa 

da oTxeulebSi movarjiSe maRali klasis sportsmenebi asruleben 

urTulesi statikuri da dinamikuri varjiSebis kombinaciur moqme-

debebs, rac iTvaliswinebs statikur mdgomareobaSi yofnis gar-

kveuli drois xangrZlivobiT dafiqsrebas, gansakuTrebiT oTxeu-

lebSi, sadac TiToeul `umniSvnelo~ Secdomazea damokidebuli 

sportuli Sedegi. es ki moiTxovs Zalian xangrZliv varjiSs. 

wyvilebis da oTxeulebis varjiSebis Sesrulebis xarisxi pirdapir 

kavSirSia sportsmenTa erTobliv moqmedebebTan, romelSic gaTva-

liswinebulia sportsmenTa Soris varjiSis Sesrulebis xarisxis 

erToblioba. qvemoT moyvanil suraTze mocemulia sportsmenTa 

momzadebis xarisxobrivi maCveneblebis daqveiTeba procentebSi 

sportis saxeobebis mixedviT. 
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sur. 1. suraTze mocemulia sportis saxeebis mixedviT ramdeni procentiT 

daqveiTda sportsmenTa momzadebis xarisxobrivi maCveneblebi. 1 – 

akrobatika, 2 – Widaoba Ziudo, 3 – ragbi, 4 – Zalosnoba 

oTx saxeobaSi gamokiTxuli mwvrTnelebi erT sakiTxSi arian 

identurebi. isini amboben, rom am stresul mdgomareobaSi yofnisas 

metnaklebad `gauaresda~ sportsmenTa momzadebis xarisxobrivi mo-

nacemebi da mis aRdgenas dasWirdeba didi dro. akrobatikaSi 

msoflio eqs-Cempionis n. berianiZis monacemebiT, akrobatebSi spor-

tuli forma gauaresda 90%-iT (suraTze – pirveli grafa). 
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Ziudos cnobili specialistis vaJa balxamiSvilis SefasebiT, ko-

ronavirusis fonze, miuxedavad izolaciis pirobebSi varjiSis 

specialuri meTodebis da miTiTebebis SemuSavebisa, moWidaveTa 

momzadebis sakiTxi sxvadasxva komponentebis (saerTo fizikuri 

momzadeba, specialuri fizikuri momzadeba, kontaqturi varjiSebi, 

specialuri gamZleobis varjiSTa xangrZlivoba da sxv.) gaTva-

liswinebiT, sportsmenebs damatebiT unda CautardeT kompleqsuri 

aRdgeniTi procesebi. rogorc suraTzea mocemuli, moWidaveTa 

fizikuri da funqciuri SesaZlebloba 70%-iT gauaresda (sur. – 

meore grafa). 

rac Seexeba ragbistebis mdgomareobas (mwvrTneli Temur bendiani-

Svili), droebiT moiSala ragbistebisTvis damaxasiaTebeli kompo-

nentebis (teqnikuri, taqtikuri sakiTxebi, sportsmenTa urTierTkav-

Siri TamaSis procesSi da sxva faqtorebis) gauaresebam daaqveiTa 

kompleqsSi sportsmenTa urTierTmoqmedeba, ris gamoc maTi 

momzadebis xarisxi daqveiTda 65%-iT (sur. – mesame grafa). 

saqarTvelos ZalosanTa nakrebis ufrosma mwvrTnelma, olimpiurma 

Cempionma giorgi asaniZem aRniSna, rom ZalosanTa nakrebis dRe-

vandeli mdgomareoba 60%-iT gauaresda (sur. – meoTxe grafa). man 

imedi gamoTqva, rom gansakuTrebul yuradRebas gaamaxvilebs yvela 

sakiTxze, raTa umokles droSi aRmoifxvras yvela naklovani mxare. 

gamocdil mwvrTnelTa saerTo mosazrebiT, sportsmenTa fizikuri 

da fsiqologiuri momzadebis sruli aRdgenisTvis saWiroa epi-

demiologebis mier mowodebuli rekomendaciebis gaTvaliswinebiT, 

sportsmenTa izolaciis pirobebSi maqsimalurad gamoyenebul iqnas 

agreTve sportuli fiziologebisa da fsiqologebis rCevebi da 

sportis saxeobis Sesabamisad maT did gamocdilebaze dayrdnobiT 

damuSavdes varjiSebis meTodebi, raTa SenarCunebul iqnas fizikuri 

kondiciebi. 

rogorc cnobilia, fizikuri Tvisebebis xarisxobrivi gaumjobeseba 

mWidro urTierTkavSirSia organizmis iseT funqciur cvlile-

bebTan, rogoricaa pulsis da sunTqvis sixSire, sisxlis wnevis 

monacemebi, filtvebis sasicocxlo tevadoba, gulis sistoluri da 

wuTmoculoba, nebisyofa, asakobrivi Tavisebureba, organizmis per-

speqtiuli datvirTvis mxedvelobaSi miReba funqciuri monacemebis 

aucilebeli gaTvaliswinebiT. niSandoblivia, rom mniSvnelovania 

sportsmenTa kveba, dasveneba da sxv. 

axla, rodesac moixsna mTeli rigi SezRudvebi, sportsmenebs nel-

nela saSualeba miecaT daiwyon individualuri da koleqtiuri 
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varjiSebi dakarguli sportuli formis aRsadgenad. amisTvis, ro-

gorc zemoT aRvniSneT, mizanSewonilad migvaCnia fsiqologebis da 

sportuli fiziologiis specialistebis maqsimaluri CarTva umrav-

lesi sportsmenebis stresuli mdgomareobidan gamoyvanis procesSi, 

depresiuli elementebis eliminaciisTvis, nervuli sistemis gawona-

sworeba-gaZlierebisTvis da optimisturad ganwyobisTvis. 

КОРОНАВИРУС И СПОРТ 

Дурмишхан Читашвили1,  Елене Коринтели2,  Нана Берианидзе2,   
Важа Балхамишвили2,  Темур Бендианишвили4,  Георгий Асанидзе5 
1 Государственный университет Ильи, Тбилиси, Грузия;  2 Грузинский государственный 
учебный университет физического воспитания и спорта;  3 Федерация дзюдо Грузии;  
4 Федерация рагби Грузии; 5Федерация тяжелой атлетики Грузии 

РЕЗЮМЕ 

Перед ответственными соревнованиями обычно спортсмены всегда проверяют свои 
физические и функциональные показатели и на этом основании составляют тактический 
план действия для достижения высоких результатов. 

За последние 4 месяца коронавирус (Ковид-19) нарушил все нормы подготовки спортс-
менов, что, по оценкам тренеров, выявилось разными показателями по видам спорта. 

CORONAVIRUS AND SPORT 

Durmishkhan Chitashvili1,  Elene Korinteli2,  Nana Berianidze2,   
Vazha Balkhamishvili3,  Temur Bendianishvili4,  George Asanidze5 
1 Ilia State University, Tbilisi, Georgia;  2 Georgian Teaching University of Physical Training 
And Sports, Tbilisi;  3 Georgian Federation of Judo, Tbilisi;  4 Georgian Federation of Rugby, 
Tbilisi;  5 Georgian Federation of Weightlifting , Tbilisi 

SUMMARY 

Usually, before the responsible competitions, sportsmen always check their physical and 
functional indicators and based on them they make a tactical plan to achieve high results. 

During the last four months coronavirus (Covid-19) had broken all the rules of sportsmen’s 
training process, and according to the estimation of trainers it was revealed by different indicators 
for various kinds of sport. 
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LOOKING BACK ON SYNAPTIC PLASTICITY: A MINIREVIEW 

Merab G. Tsagareli 

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

This review is dedicated to my first supervisor Professor Vazha Okujava, who had made 
remarkable contributions to the study of fundamental neural mechanisms of brain epileptic 
activity and cognitive functions. In this concise review, the key findings from the synaptic 
plasticity literature that make these phenomena so much attractive for memory mechanisms 
are addressed, and some evidences obtained during my PhD student period at Moscow 
University are considered. Some recent data that indicate the importance of postsynaptic 
mechanisms in both short-term and long-term plasticity are furnished, and their im-
plications for a general understanding of the synaptic mechanisms of learning and memory 
are discussed. 

Key words: long-term plasticity, short-term plasticity, post-tetanic depression, post-tetanic 
potentiation, learning, memory 

INTRODUCTION 

It gives me a great pleasure to pay tribute to the fundamental important works of 
Professor Vazha Okujava (1930 – 2011) in the study of basic neurophysiological 
mechanisms of epileptic activity and higher brain functions. It is highly appropriate to 
dedicate this article on synaptic plasticity to him, as to my first supervisor and mentor. He 
was an excellent teacher giving us, the students interesting and comprehensive lectures on 
non-specific thalamus and reticular formation of the brain. On his recommendation, I 
became a post-graduate student at Moscow State University, where I pursued study of the 
short-term post-tetanic plasticity of cortical neurons and received a Ph.D. degree in 1982. 
In this review article which was published in the Journal founded by Prof. V.M. Okujava 
in 1975, I would like to discuss some pre- and postsynaptic mechanisms of plasticity 
from a historic point of view. 

SOME PIONEERS OF SYNAPTIC PLASTICITY 

The documentation of neuronal composition of the brain has begun with brilliant works 
of the Spanish neuroanatomist Santiago Ramón y Cajal at the end of the 19th century 
proposing that memory does not need new neurons, but rather the growth of new 
connections between the existing nerve cells [44]. However, the junction between 
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neurons only became known as a “synapse” by English physiologist Charles Sherrington 
calling them some years later [47]. 

Synapses are very complex functional structures because they must produce several (at 
least six) different forms of synaptic plasticity. This complexity is itself sufficient to 
explain why progress in understanding the synapse has been difficult, but there is also 
another reason: the field has been working with what now turns out to be a highly 
oversimplified view of how the quantal response of the synapse is generated. Fortunately, 
computational and anatomical methods are now converging to provide a new 
understanding of the structure/function relationship of synapses, leading to a new view of 
synaptic functioning. These developments are important steps towards the ultimate goal 
of understanding the electrophysiological, biochemical and structural processes that 
underlie synaptic plasticity [1, 12, 28, 32, 49]. 

The first half of the twentieth century witnessed a number of landmark studies that had a 
great influence on world physiological community views of chemical synapses, 
neurotransmitters, neuronal processing, and direction of information flow in neurons, 
learning, memory, and behavior. By the 1930s, it had become clear that information 
flowed from presynaptic axons to postsynaptic dendrites, that all inputs were integrated at 
the soma, and that – once the threshold for action potential generation was reached – the 
information propagated along the axon of the postsynaptic cell [17, 25]. 

The next leap in synaptic plasticity was made in the discoveries of synaptic changes that 
lasted for several minutes after the tetanic stimulus was over. Post-tetanic potentiation, 
thus, seemed to have been discovered in the 1940s by Larrabee and Bronk (1947) [27], 
and Lloyd (1949) [29]. By the end of the first half of the twentieth century, the pieces 
were in place for an early unification of ideas and a comprehensive theory of learning and 
memory based on synaptic plasticity. Long-lasting changes in synaptic efficacy were 
widely speculated upon, speculations that were fuelled by these early discoveries of short-
term plasticity and post-tetanic potentiation [32]. 

Hebbian plasticity and neuronal assemblies 

Canadian Donald Hebb (1904-1985) made considerable headway at developing the 
concept of the distributed location of memory. He brought together many of the earlier 
ideas and findings on neural plasticity in a tremendously influential formal postulate of 
the neural mechanisms of learning and memory [20]. In his famous book The Organization of 
Behavior, Hebb determined that memories could be stored if the connections that 
repeatedly drive activity in a cell become strengthened because this would couple specific 
groups of neurons together and explain how neurons could be molded together in an 
assembly as a function of past experience. In particular, any two cells that are repeatedly 
active at the same time will tend to become “associated,” so that activity in one facilitates 
activity in the other [20]. Strengthening of connections between such coactive cells has 
become today known as Hebbian plasticity because they involve changes in specific 
synapses mediated by coordinated activity in pre- and postsynaptic neurons (Fig. 1). 
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Here the term “homosynaptic” refers to the fact that plasticity only occurs at the 
stimulated synapse. The resulting groups of cells joined together through this form of 
plasticity even today go under the moniker of Hebbian assemblies [18]. 

One year before Hebb, Polish Jerzy Konorski (1948) [26] had already expressed 
remarkably similar ideas on synaptic plasticity and its relation to learning. In his book, 
Konorski aimed to show that morphological changes in neuronal synaptic connections are 
the substrate of learning. He argued against the view that the formation of new 
connections was important, and instead emphasized the role of changes in already 
existing pathways that were for some reason not yet in use. Coincident activation of 
neuronal centers should lead to the formation of actual excitatory pathways between 
them, based on pre-existing potential connections [26]. 

 
Fig. 1. Classic Hebbian plasticity in the simple cells assembly includes homosynaptic long-term 
synaptic potentiation (LTP) and long-term synaptic depression (LTD). Coincident activation in 
presynaptic neuronal inputs and the post-synaptic neuron strengthens specific synapses (shown in +). 
Inactive pre-synaptic inputs (or inputs out of phase with post-synaptic depolarization) are not 
potentiated and/or are depressed (shown in -) (adapted from Frank, 2012) [18] 

Eric Kandel and Aplysia 

In the 1960s, Austrian-American Eric Kandel and his group showed that pairing an 
excitatory postsynaptic potential (EPSP) with a conditioning stimulus in the giant marine 
snail Aplysia caused a long-lasting facilitation of the EPSP. More importantly, Kandel’s 
work strongly linked synaptic plasticity with behavioral associative learning of the gill 
withdrawal reflex in this sea snail [23]. 

The defensive gill-withdrawal reflex of Aplysia to a gentle touch with paintbrush, so 
dramatically weakened with repeated touching (habituation), exhibits a robust increase in 
strength with sensitization. After an Aplysia receives a shock to its tail, its reaction to 
siphon stimulation is substabtially strengthened, it withdraws its gill more completely. A 
single shock to the tail produces a short-memory that persists for minutes. Four or five 
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shocks produce a long-term memory that lasts for two or more days (Fig. 2). Further 
training produces memory that lasts for weeks [48]. 

Nowadays, the molecular, biophysical and cellular mechanisms that underlie behavioral 
learning in Aplysia are known in great details. Although this form of plasticity is not 
Hebbian, the firm evidence for a role of synaptic plasticity in learning in the marine 
mollusk – literally ranging all the ways from molecules to memory – thus forms a solid 
foundation for on-going plasticity and memory research in mammals, where the role of 
synaptic plasticity in memory storage remains to be formally proven [24, 46]. 

Importantly, a focus on the molecular biology of systems consolidation will provide a 
critical framework for how memories are preserved in the face of biological and circuit 
dynamicity. The past half-century has provided considerable insight into the molecular 
mechanisms of synaptic consolidation. Progress in the coming decades will provide the 
necessary scaffold for understanding the molecular biology of systems consolidation and 
how memories persist across our lifespan. This progress will be an essential component in 
the development of better-targeted treatments for disorders of memory, such as 
Alzheimer’s disease, age-related memory loss, post-traumatic stress disorder, and many 
others [3, 13]. 

 

 
Fig. 2. Association learning in Aplysia. (A): A mild tactile conditioned stimulus (CS) applied to 
the siphon results in gill withdrawal reflex. (B): A noxious (electrical shock) unconditioned 
stimulus (US) to the tail activates tail sensory neurons that excite modulating interneurons. Their 
impulses to the sensory neurons of the siphon enhance transmitter glutamate release (adapted from 
Squire, Kandel, 2009 [48] 
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Long-lasting potentiation 

In the beginning of the 1970s, Swedish scientistы Bliss and Lømo showed that high-
frequency electrical stimulation in the dentate gyrus of the rabbit hippocampus elicited 
responses that kept growing more than one hour. The condition for persistent growth of 
response amplitude was the high-frequency stimulation itself [11]. Their study was the 
first to demonstrate that the effects could last much longer than short-term facilitation or 
post-tetanic potentiation. These findings lent experimental support to Hebb’s hypothesis 
that synapses are strengthened if they are involved in successfully driving a cell, since 
sufficiently strong high-frequency stimulation of afferent fibers could reasonably be 
assumed to drive activity in postsynaptic cells [32]. 

SHORT-TERM SYNAPTIC PLASTICITY 

Short-term synaptic plasticity (STSP) refers to transient activity-dependent changes in 
synaptic strength. Forms of STSP include short-term facilitation and depression in the 
millisecond range, but also longer-lasting changes in response to highly repetitive 
activity, such as augmentation (lasting seconds) and post-tetanic potentiation (lasting 
minutes). These modifications are short-term in the sense that no persistent changes in the 
signaling machinery, such as membrane protein expression, are required. The cellular 
mechanisms of STSP are relatively well understood and are predominantly presynaptic 
[2, 7, 35]. 

Short-Term Presynaptic Plasticity 

Different types of synapses are specialized to interpret spike trains in their own way by 
virtue of the complement of short-term synaptic plasticity mechanisms they possess. 
Numerous types of short-term, use-dependent synaptic plasticity regulate neurotrans-
mitter release. 

Use-dependent presynaptic plasticity lasting tens of milliseconds to minutes can be 
divided into three major categories: (1) depression, (2) facilitation, and (3) post-tetanic 
potentiation (PTP) augmentation. At synapses where depression is prominent, the second 
response is much smaller than the first one, and this reduction in synaptic strength lasts 
hundreds of milliseconds to seconds (Fig. 3A). However, sustained stimulation produces 
a post-tetanic depression (PTD) that recovers slowly from tens of seconds to minutes 
(Fig. 3B). 

At some synapses facilitation is observed, and the second of two closely spaced stimuli 
evokes a larger response than the first, provided the stimuli are delivered within hundreds 
of milliseconds to seconds of each other (Fig. 3C). But sustained presynaptic activation at 
high frequency leads to synaptic enhancement known as PTP/ augmentation that lasts 
tens of seconds to several minutes (Fig. 3D). For these forms of plasticity each stimulus 
in the conditioning train produces a small amount of enhancement, but the cumulative 
effects of many stimuli can lead to a several fold enhancement [45]. 
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Fig. 3. Three forms of short-term, use-dependent plasticity. (A) Short-term depression is observed 
at some synapses when the presynaptic axon is stimulated twice with a time between stimuli. (B) 
At some synapses a sustained high-frequency stimulation results in a depression that persists for 
tens of seconds. (C) Paired-pulse facilitation that lasts for hundreds of milliseconds is observed at 
some synapses. (D) Augmentation or post-tetanic potentiation of synaptic responses lasting tens of 
seconds or minutes after tetanic stimulation is observed at some synapses (adapted from Regehr, 
2012) [45] 

Presynaptic calcium signaling mechanism plays a prominent role in many use-dependent 
forms of short-term plasticity. The properties of the vesicles within a presynaptic terminal 
are another important determinants of synaptic efficacy and are factors in short-term 
plasticity [34, 37]. 

On the other hand, postsynaptic mechanisms can also mediate short-term plasticity, and 
they can complicate the characterization of presynaptic mechanisms. For example, 
saturation of postsynaptic receptors can limit responses, particularly when the probability 
of release is high. As a result, synaptic currents can underestimate the extent to which 
presynaptic mechanisms facilitate or depress transmitter release at some synapses. 
Postsynaptic receptors can also desensitize, making them unavailable for subsequent 
activation, and leading to short-term decreases in synaptic responses [45]. 

One of the first and best descriptions of post-tetanic potentiation was made almost 100 
years ago by Hughes in 1958. As he has written, the term of post-tetanic potentiation 
refers to an increased responsiveness following repetitive stimulation, and is usually 
measured as a percentage change of the post-tetanic amplitude of response compared to 
the pre-tetanic level. Although increased responsiveness from one system to another may 
be totally unrelated, it may be of value to examine the similarities of the phenomenon in 
different neural systems to see if a common basis for PTP exists [21]. Usually, the effect 
of PTP lasts tens of seconds to minutes that follows sustained high-frequency stimulation 
but more prolonged tetanic stimulation results in longer-lasting PTP [31]. 
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Short-Term Postsynaptic Plasticity 

A significant amount of experimental results also came from researches on post-synaptic 
mechanisms of plasticity. Specifically, post-synaptic receptor activation, calcium driven 
mechanisms, dendritic spine properties, and cytoskeletal changes have been shown to be 
related to post-synaptic plasticity and learning. 

As stated above, in 1978-1982 as a PhD student I worked in the laboratory of my supervisor 
Prof. Vladimir Ivanovich Gusel’nikov (1926-1980) at the Department of Higher Nervous 
Activity, Biological Faculty of M. Lomonosov State University of Moscow. While my direct 
instructor Dr. Arkady Pivovarov worked on postsynaptic mechanisms of habituation, and still 
continue successful research in this direction [54], I started studying intracellular mechanisms of 
PTP and PTD. I investigated and intracellularly recorded excitatory and inhibitory postsynaptic 
potentials (EPSPs and IPSPs, respectively), and action potentials in neurons of visual cortex of 
the turtle (Emys orbicularis, L.). The latter is a very interesting object of study since this is a 
homologue of the mammalian cortex [50]. 

 
Fig. 4. Latency and frequency of action potentials after orthodromic tetanization (Tectum opticum) 
(A, B) and activation of neurons by intracellular depolarizing current (C, D). In both tests there are 
significant decreased latency and increased frequency discharges of action potentials (adapted 
from Pivovarov, Tsagareli, 1981 [41], Pivovarov et al., 1981 [43]) 

In one of sets of my experiments I used a test stimulation of contralateral optic nerve and 
conditioned stimulation of midbrain visual center (Tectum opticum) with frequencies 9-
10/s, lasting 10-12 s. The obtained data showed a significant decrease in the latency and 
increase of frequencies of intracellularly recorded action potentials after the tetanization 
to test stimulus (Fig. 4, A, B). In order to exclude the effects of presynaptic mechanisms 
in potentiation, in the second set of my experiments we applied intracellular depolarizing 
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currents (0.3-2 nA, 10 ms) by a registering microelectrode directly into recording 
neurons. After intracellular tetanization (9-10/s, 100 ms), we found the same effects of 
post-tetanic decrease of the latency and increase of frequencies of spikes to a single test 
stimulus (Fig. 4, C, D). In other set of these experiments we discovered opposite effects 
of increase of the latency and decrease in frequencies of action potentials in PTD (data 
not shown). Our results confirmed that post-synaptic mechanisms play an important role 
in post-tetanic plasticity, both in post-tetanic potentiation and post-tetanic depression. In 
our study the latter effects are the mixture of homo- and hetero-synaptic [39-43, 53]. 
Figure 5 shows pre- (control test) and post-tetanic neuronal discharges in PTP and PTD. 

Fig. 5. Intracellular recordings of 
neuronal discharges to a depolarizing 
current impulse in PTP (A) and PTD 
(B) for pre-tetanic (control) stimu-
lation and post-tetanic 5, 10, and 20 
seconds stimulations, respectively. 
Tetanic stimulation delivered to Tectum 
opticum. Calibration: spike amplitude – 
50 mV, time – 100 ms; bottom row 
indicates amplitude of intracellular 
depolarizing current impulse 1 nA 
(adapted from Pivovarov, Tsagareli, 
1981 [41] 

In the same period of time, a few laboratories studied postsynaptic mechanisms of short-
term plasticity. In particular, Bindman with coauthors (1979), in the anaesthetized cat 
found increased firing of pyramidal tract cells induced by trains of antidromic con-
ditioning shocks leading to increases in cell excitability, as measured by the size of the 
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mass response at the medullary pyramid to test shocks applied to the cortical surface. 
They concluded that prolonged increases in excitability of pyramidal tract cells can occur 
in the absence of any synaptic input, demonstrating that the underlying mechanism is 
post-synaptic; however, this does not preclude the action of synaptic mechanisms when 
synaptic transmission is not blocked [8]. Baranyi and Fehér (1978) revealed that pairing 
EPSPs recorded intracellularly with antidromic action potentials could trigger conditioned 
facilitation, and that discharge of the postsynaptic action potential alone, without 
necessarily being triggered by synaptic input was important in the induction of the 
potentiation [4]. Thus, the plastic changes in synaptic transmission maybe localized to the 
postsynaptic membrane of the conditioned pyramidal tract cells [5]. 

In another experiment in cats, O’Brien and coworkers (1977) have found that the pairing 
of pyramidal tract antidromic activation with a somatic afferent (hind paw simulation) 
signal produced changes in neuronal response to this afferent, which did not occur for the 
unpaired somatic afferent. It seems unlikely that this result can be accounted for by 
changes in the polysynaptic orthodromic pathway since no conditioning was observed in 
the control group without antidromic activation and since the activity in the thalamus did 
not show parallel changes. Furthermore, it seems unlikely that recurrent inhibitory 
collaterals in the cortex were involved since similar response changes were observed for 
neurons that did and did not exhibit inhibition following the antidromic activation. All 
these evidences suggest that in this experiment the site of learning is the cortical neuron. 
This result supports the idea that the role of the unconditioned stimulus in conditioning 
may be simply to activate the neuron at an appropriate interval following the conditioned 
stimulus [38]. It should be emphasized here that in all these studies an antidromic 
stimulation of the pyramidal tract neurons in the cortex is a special and bold tool to 
exclude presynaptic facilitation on these cortical cells. 

The involvement of the postsynaptic mechanism in long-term or long-lasting potentiation 
(LTP) and long-term depression (LTD) also discovered in series of researches on 
hippocampal plasticity [14, 33]. Lynch and associates found that, while tetanic 
stimulation induced LTP of the activated pathway, the inactive pathway underwent LTD 
[30]. Moreover, homosynaptic LTD was found to occur at the activated pathway provided 
that the activation frequency was low [16]. 

Presently, long-lasting plasticity of synaptic transmission is considered as the favorite 
mechanism to account for many forms of associative learning and memory, and hence the 
information storage in the brain. Temporal interactions of pre- and postsynaptic spiking in 
neural circuits bidirectionally regulate not only synaptic strength but also intrinsic 
excitability of pyramidal cells at both pre- and postsynaptic sides. At the postsynaptic 
side this plasticity is largely localized within the dendrites – involving the regulation of 
cationic channels – and respects the input specificity of synaptic modifications, thus preserving 
high capacity of information storage. Plasticity of intrinsic excitability is synergistic to 
synaptic plasticity in modulating neuronal output, thus enhancing the functional significance of 
synaptic modifications. However, compensatory mechanisms acting both at intrinsic and 
synaptic currents concur to maintain neuronal activity within physiological bounds [15]. 
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The experimental evidence from Glanzman laboratory using a model invertebrate 
organism, the marine snail Aplysia, indicates that this apparent distinction between 
invertebrate and vertebrate synaptic mechanisms of learning is invalid: learning in 
Aplysia cannot be explained in terms of exclusively presynaptic mechanisms. NMDA-
receptor-dependent LTP appears to be necessary for classical conditioning in Aplysia. 
Furthermore, the modulation of trafficking of postsynaptic ionotropic glutamate receptors 
underlies behavioral sensitization in this snail. Exclusively presynaptic processes appear 
to support only relatively brief memory in Aplysia. More persistent memory is likely to be 
mediated by postsynaptic or by presynaptic processes whose expression depends upon 
retrograde signals [46]. 

For the last years, Min Zhuo and his team carried out very interesting studies on plasticity 
in pain matrix structures of the rodents brain, among them the anterior cingulate cortex 
(ACC) and insular cortex [55]. For example, ACC activation contributes to acute and 
chronic pain states and by developing several forms of synaptic plasticity that may 
underlie this effect. In particular, one form of LTP in the ACC, which is triggered by the 
activation of NMDA receptors and expressed by an increase in AMPA-receptor function, 
sustains the affective component of the pain state. Another form of LTP in the ACC, 
which is triggered by the activation of kainate receptors and expressed by an increase in 
glutamate release, may contribute to pain-related anxiety [10]. On the basis of these and 
other experiments we can consider the processes of sensitization in pain matrix structures 
as a type of pain memory to noxious experience [51, 52]. 

As we emphasized here, it is well known that the flexibility of neuronal networks is 
believed to rely mainly on the plasticity of excitatory synapses. However, like their 
excitatory counterparts, the inhibitory synapses also undergo several forms of synaptic 
plasticity. For example, it means the understanding of the molecular mechanisms leading 
to postsynaptic GABA-ergic plasticity. Specifically, modulation of GABAA receptor 
number at postsynaptic sites plays a key role, with the interaction of GABAA receptors 
with the scaffold protein gephyrin and other postsynaptic scaffold/ regulatory proteins 
having particular importance. These molecular interactions are progressing, based on 
recent insights into the processes of GABAA receptor lateral diffusion, gephyrin 
dynamics, and gephyrin nanoscale organization [6]. 

SUMMARY AND CONCLUSION 

It has been almost half a century since the seminal discovery of LTP was reported by 
Bliss and Lømo in 1973 [11]. In the intervening time, neurobiologists have identified the 
mechanism that underlies this form of persistent, activity-dependent synaptic change – 
activation of the NMDA receptor – and shown that LTP mediates various forms of 
learning and memory, both in invertebrates and vertebrates, including mammals. A 
biological reality reflects that in fact, invertebrate and vertebrate nervous systems share a 
common set of mechanisms of synaptic plasticity [19]. 
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The establishment of these facts, which have confirmed the ideas of Ramón y Cajal 
(1894) [44] and Hebb (1949) [20], has involved a monumental effort by an army of 
researchers and represents one of the triumphs of modern neuroscience. Nonetheless, 
much work remains to be done. Whether or not memory is necessarily stored at synapses 
is still unclear. Moreover, recent discoveries indicating the importance of epigenetic 
changes and a non-coding RNA in memory have yet to be fully incorporated into the 
synaptic plasticity hypothesis. Finally, the challenge of reconciling the synaptic plasticity 
hypothesis with the new demonstrations of intercellular transfer of RNA and of memory 
transfer by RNA must be met. Thus, an objective assessment of the evidence leads to 
conclude that both presynaptic and postsynaptic expression mechanisms contribute to 
long-term synaptic plasticity [1]. 

Two expression mechanisms are available for NMDA receptor-dependent LTP, one 
presynaptic, resulting in an increase in presynaptic factor without an increase in potency, 
and the other postsynaptic, resulting in a change in potency without an increase in 
presynaptic factor, and reflecting changes in the number and/or conductance properties of 
AMPA receptors. Either or both mechanisms could be induced in a given experimental 
situation, leading to cases where early LTP will be seen as entirely presynaptic, entirely 
postsynaptic or a combination of the two. The property of LTP that most commends it as 
a cellular mechanism for encoding information is its longevity. The studies we have 
discussed here so far reveal little about the mechanism of enduring LTP in the intact 
animal. Ultimately, the search for expression mechanisms will need to be conducted in 
the context of the neural networks subserving memory and cognition, processes that can 
potentially operate over a lifetime. Here progress will depend on techniques to study the 
plasticity and structure of single synapses in the freely moving animal. If and when an 
agreement on a long-term expression mechanism based on structural changes is reached, 
pre- and post-synaptic mechanisms will converge [9, 13, 22]. 

At the same time a full understanding of memory and the neural circuits responsible for 
its acquisition, encoding and recall will not be achieved until instrumental and conceptual 
tools have been developed to study neural networks in the large. Further progress in 
analyzing the neural basis of memory will require an approach that emphasizes the 
importance of the network of neurons that are activated during learning. We predict that 
new technologies will allow the silencing of the subset of hippocampal neurons that 
encode a particular memory, allowing questions of causality to be addressed at the level 
of what Hebb called the cell assembly. Circuit-specific memory erasure would 
demonstrate that synaptic plasticity is necessary for storing memories [36]. 
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epilefsiuri moqmedebisa da kognituri funqciebis SeswavlaSi. statiaSi 

mimoxilulia literaturis sakvanZo monacemebi sinafsuri plastikurobis 

Sesaxeb, rac am fenomens gansakuTrebiT mimzidvels xdis mexsierebis 

meqanizmebis Sesaswavlad. warmodgenilia moskovis universitetis aspiran-

turaSi swavlis periodSi miRebuli sakuTari monacemebi. aseve ganxi-

lulia bolodroindeli eqsperimentuli Sedegebi, romlebic miuTiTebs 

postsinafsuri meqanizmebis mniSvnelobaze rogorc moklevadian, ise 

grZelvadian plastikurobaSi da ganvixilavT maT aqtualobas daswavlisa 

da mexsierebis meqanizmebis saerTo gagebaSi. 

ВЗГЛЯД НАЗАД НА СИНАПТИЧЕСКУЮ ПЛАСТИЧНОСТЬ: 
МИНИ-ОБЗОР 

Мераб Цагарели 

Центр экспериментальной биомедицины им. И. С. Бериташвили, Тбилиси, Грузия 

РЕЗЮМЕ 

Данный обзор посвящен светлой памяти моего первого научного руководителя, профессора 
Важа Михайловича Окуджавы, который внес большой вклад в фундаментальные нейрон-
ные механизмы эпилептической активности мозга и когнитивных функций. В этом кратком 
обзоре я рассматриваю ключевые данные из литературы по синаптической пластичности, 
которые делают эти явления весьма привлекательными для изучения механизмов памяти. Я 
привожу некоторые собственные результаты, полученные во время моей аспирантуры в 
Московском университете. Я также рассматриваю последние данные, которые указывают 
на важность постсинаптических механизмов как в краткосрочной, так и долгосрочной 
пластичности, обсуждается их значение для общего понимания синаптических механизмов 
обучения и памяти. 
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PECULIARITIES OF AUDITORY BRAINSTEM RESPONSES 
IN KIMMERLE’S ANOMALY PATIENTS 

George Japaridze1,  Otar Toidze1,  Mikhael Tushishvili2,  Zurab Kevanishvili2 

1 Institute of Neurology and Neuropsychology;  2 National Centre for Audiology; 
Tbilisi, Georgia 

Auditory brainstem responses (ABRs) were estimated in 40 patients with Kimmerle’s 
anomaly (KA), congenital malformation of the first cervical vertebra. ABR registrations 
were performed under straight-upright position, as well as under rotations of the head of 
inspected subjects. Abnormal ABRs were detected in 23 patients (57.5%). In 14 from 35.0%, 
the alterations occurred under both straight-upright position and rotations of the head, 
while in 9 others (22.5%) – under rotations only. ABRs discerned 8th nerve disorders in 12 
patients with normal hearing (30.0%). Just via ABR recordings the brainstem untidiness 
without any clinical neurological signs was also proved in 12 patients (30.0%). It has been 
concluded that the ABR procedure, especially when applied under head rotation is a worth-
while tool for substantiation of even subclinical cochlear and/or brainstem KA lesions. 

Key Words: Kimmerle’s anomaly, auditory brainstem response, vertebra-basilar insufficiency, 8th 
nerve and/or brainstem lesions 

Kimmerle’s anomaly (KA) signifies the congenital malformation of the first cervical 
vertebra [7, 9, 11]. It expresses an abnormal vertebral bone particle, bridging the sulci just 
of the vertebral arteries [16]. KA may be unilateral or bilateral. In general population, the 
KA prevalence is ranged from 3.0% to 15.8% [11, 16]. Vertebra-basilar insufficiency 
(VBI) has been stated to accompany KA [7, 8, 9, 11]. Surgical reconstruction of deviant 
region is recommended therefore to reduce or abolish VBI clinical manifestations, e.g. 
vertigo [8, 9]. 

High percentage of pathological alterations of sensory evoked potentials was found in 
rare relevant KA studies [17]. In investigations performed, visual evoked potentials 
(VEPs) were particularly registered, while up to now no attempts have been made dealing 
with evoked potentials of other modalities, e.g. of auditory origin. 

The aim of the present investigations was to estimate the significance of auditory brain-
stem response (ABR) recording method for KA proof. The research has been favoured by 
the previous data demonstrating the efficacy of ABR approach for VBI validation [1, 10, 
13, 21]. In current studies, the ABRs were decided to measure in KA patients both under 
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straight-upright head position, as well as under rotations. Head turnings were proved to 
worsen additionally the blood circulation within the vertebral vascular system and to ac-
centuate respectively the VBI [18]. In our investigations the ABR registrations under 
head rotation tests (HRTs) were similarly expected to detect pathologies hardly if any evi-
dent under straight-upright head position. 

MATERIAL AND METHODS 

40 patients, 24 females and 16 males, with roentgenologically proved KA were inspected. 
The ages of the tested subjects ranged from 7 to 49 years. The mean age amounted to 18 
years. The KA was proved to be bilateral and unilateral in 38 and two cases, respectively. 
The complaints of the patients included: headache – 28 cases; seizures – 11; neck-ache – 
8; syncope – 7; dizziness – 6; vertigo – 3, tinnitus – one case. In 11 patients with seizures, 
the partial and generalized epilepsy was diagnosed in 9 and two cases, respectively. 

When inspecting neurologically, painful cervical vertebrae under manual palpations were 
detected in all the patients, while the aches occurred predominantly at C1/C2 level. 
Nystagmus was observed in 13 (32.5%) that being taken as an evidence of brainstem 
involvement [12]. The remaining 27 patients 67.5%) did not display any clinical signs of 
brainstem lesion. In six cases from 40 (15.0%), the Babinski reflex while in another six 
(15.0%), the mild cerebellar signs were evident. One patient in each of the latter two sub-
groups additionally exhibited nystagmus. 

Extra- and intracranial Doppler sonography was performed to objectify VBI. In 22 
patients from 40 (55.0%), the local blood flow deficiency was confirmed. In remaining 18 
(45.0%) the Doppler scan appeared normal. 

The control group comprised 33 healthy subjects, 17 females and 16 males. Their ages 
ranged from 18 to 43 years. The mean age amounted to 25 years. 

During ABR recordings the subject lay comfortably in an electrically and acoustically 
shielded booth. Acoustic stimulation and ABR registration were established by 
specialized computer averaging system (BASIS EP, OTE; Biomedica). The stimuli were 
rarefaction clicks produced by applying 100-µs rectangular electric pulses to the 
earphones. The intensity of clicks was held at 70 dB (re: normal hearing level, nHL). The 
stimuli were presented monaurally at a repetition rate of 10/s. The ABRs were derived by 
Ag-AgCl disc electrodes. The active electrode was fixed on the vertex, the reference on 
the earlobe of the stimulated ear, and the grounded on that of the opposite ear. The 
amplifier bandwidth was set at 53-1600 Hz. The analysis time was 10 ms, bin width – 10 
µs, and averaging number – 2000. Two consecutive recording trials were performed with 
stimulation of each ear in each of the four head postures applied: the first under the 
straight-upright position while three remainders under the HRTs. The latters included left 
turning of the head at the angle of 90°, right turning at the angle of 90°, and backward 
extension, maximally feasible for the subject. To lessen muscle contamination, before the 
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start of ABR registrations the subjects were instructed to relax maximally under each of 
the head manoeuvres but to maintain the chosen posture. 

Three principal ABR constituents, Waves I, III, and V were estimated on the display of 
the averaging device by the cursor. The peak-latencies (PLs) were evaluated from the 
stimulus onset. The amplitudes of Waves I and V were measured from positive deflection 
peaks to the following negative troughs. Under straight-upright head position the ABR 
was considered abnormal if: (1) One or more of the evaluated three components were 
missing; (2) The PL of Wave I was lengthened; (3) One or more of the evaluated three in-
terpeak intervals, IPI I-III, IPI III-V, and IPI I-V were lengthened; (4) The interaural dif-
ference of IPI I-V, i.e. IA IPI I-V was increased; (5) The amplitude ratio of Waves I and 
V, AR I/V was expanded. The values of the measured ABR characteristics were 
considered abnormal when they exceeded the respective parameter means, ,x  in gender-
matched controls more than by the magnitudes of 2.5 standard deviations (SDs). The 
ABRs registered under HRTs were correspondingly regarded as abnormal when under the 
head rotations compared with the straight-upright position the alterations of at least one of 
the measured parameters surpassed the mean shifts in healthy controls by the magnitudes 
more than 2.5 SDs. Considering the sources of individual ABR constituents [4, 5, 6, 18], 
the abnormalities of Wave I and of later ABR constituents were ascribed to the 8th nerve 
and brainstem pathologies, respectively. 

RESULTS 

ABR abnormalities were detected in 23 out of 40 KA patients tested (57.5%). In 14 from 
35.0%, the ABR changes were evident under both straight-upright head position and 
HRTs, while in 9 (22.5%) – under HRTs only. In six out of 14 patients with ABR shifts 
under already straight-upright head position, the alterations under HRTs remained the 
same, in three others the existing abnormalities were grown, while in five remainders 
additional distortions occurred along with the earlier presented ones. HRTs extended thus 
the pathological ABR changes revealed under straight-upright head position in 3+5 = 8 
patients (20.0%). In sum, thus, the involvement of HRTs in ABR diseased modifications 
under KA was the case in 9+8 = 17 patients (42.5%). The typical ABR abnormality 
patterns in KA patients under straight-upright head position and HRTs are represented in 
Figs 1 and 2. 

The backward extension of the head did not followed by any ABR abnormality pattern 
that had not been observed under the left/right turnings. Moreover, in 13 out of 17 
patients the ABR abnormalities seen under the side head turnings tended to lessen just 
under the backward extension. In two patients of the remaining four, ABR alterations 
were judged as being identical under the side head turnings and the backward extension, 
while in other two they appeared more prominent likely just under the extension. 

Neither accentuation of existing clinical symptoms nor appearance of new ones had been noted 
when performing HRTs. Clinical KA manifestations remained the same either in 14 patients, 
exhibiting the ABR abnormalities under both straight-upright head position and HRTs, as in 9 
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others, demonstrating the alterations under HRTs only. The rates of separate ABR abnormalities 
in KA patients are illustrated in Fig. 3. The missing of measured ABR constituents was stated in 
7 patients (17.5%). In two from, the lack was the case under both straight-upright head position 
and HRTs while in another five the lack happened under HRTs only. The selective absence of 
Waves III or V was confirmed in one case each. Both Waves I and III were missing in four 
cases. Both Waves III and V were lacking in one case, too. In sum, thus, Wave I was unde-
tectable in four patients, Wave III – in six, and Wave V – in two. 

Table 1 

Mean values ( x ) and normality borders ( x ± 2.5SD) of ABR parameters in females 
and males of control group under straight-upright head position 

  Wave I 
PL, ms   IPIs, 

ms  IA IPI I-V, 
ms AR I/V 

   I-III III-V I-V   

Females  x  
x ± 2.5SD 

1.64 
1.86 

2.16 
2.48 

1.76 
2.08 

3.92 
4.37 

0.07 
0.17 

0.80 
1.25 

Males 
 x  

x ± 2.5SD 
1.71 
1.94 

2.27 
2.60 

1.87 
2.24 

4.15 
4.65 

0.08 
0.23 

0.69 
1.29 

Table 2 

Mean values ( x ) and normality borders ( x ± 2.5SD) of parameter differences of 
ABRs registered in control group under HRTs and straight-upright head position  

 Wave I PL, 
ms   IPIs, 

ms  IA IPI I-V, 
ms AR I/V 

  I-III III-V I-V   

 x  0.019 -0.008 0.016 0.008 0.013 0.003 

 x ± 2.5SD  0.160 0.170 0.177 0.191 0.226 0.379 

The data in females and males as well as those under three various HRTs are pooled together 

The prolongation of Wave I PL was discerned in 12 out of 40 tested patients (30.0%) (Figs 2 
and 3). In five from, the PL was extended under straight-upright head position already while in 7 – 
under HRTs only. In two of the former five patients, the PL was further lengthened under 
HRTs. The selective Wave I PL increase with other ABR parameters being remained steady 
was seen in five patients. That promoted the total ABR sensitivity score by 12.5%. 

The IPI prolongation was evident in 9 patients (22.5%) (Figs 1-3). In five from, it was 
apparent under straight-upright head position already, while in four others – under HRTs 
only. The isolated extension of IPI I-III and of IPI I-V was observed in one patient each, 
while of IPI III-V – in three. Both IPI I-III and IPI III-V were prolonged in one patient 
and both IPI III-V and IPI I-V in three others. In sum, thus, IPI I-III was lengthened in 
two patients, IPI III-V – in 7, and IPI I-V – in four. 
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Fig. 1. ABRs registered in four KA patients under straight-upright position of the head. In L.B., 
IPI I-III is lengthened (2.56 ms). In T.S., AR I/V is increased (1.49). In N.S., IPI I-V is lengthened 
(4.49 ms) and AR I/V is increased (1.38). In Z.T., IA IPI I-V is increased (4.24-3.86 = 0.38 ms). 
Note: the bifid Wave III in N.S. Two averaged traces are presented in each case to facilitate ABR 
component definition 

 
Fig. 2. ABRs registered in five KA patients under straight-upright position of the head and under 
HRTs (upper and lower traces in each pair, respectively). In E.K., no alteration of ABR is evident 
under HRT. In O.D., IPI III-V and IPI I-V are lengthened under HRT (by 0.39 ms). In S.T., IPI III-
V is lengthened (by 0.22 ms) and amplitudes are reduced under HRT. In A.M., Wave I PL and IPI 
III-V are lengthened (by 0.97 ms and 0.83 ms, respectively) under HRT. In D.A., AR I/V is 
increased under straight-upright head position (1.89) and is further enlarged under HRT (2.30). To 
facilitate the PL and IPI matching the verticals are drawn under peaks of ABR Waves I, III, and V 
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Fig. 3. The rates (in %) of different ABR abnormalities in KA patients. Note: separate patients 
may possess more than one type of ABR abnormality 

The enhancement of IA IPI I-V with IPIs being bilaterally normal was observed in three 
patients (7.5%) (Figs 1 and 3). In all three cases it was seen under both straight-upright 
head position and HRTs. 

The heightening of AR I/V was found in three patients (7.5%) (Figs 1-3). In all three, the 
AR increase was manifested under straight-upright head position already. In one case 
from, it grew further under HRTs. 

ABR abnormalities were observed in 21 out of 28 patients with headache (75.0%), in five 
out of 8 with neck-ache (62.5%), in five out of 11 with epilepsy (45.4%), and in three out 
of 7 with syncope (42.9%). ABR alterations appeared thus more often in headache and 
neck-ache than in epilepsy and syncope cases, although the differences were statistically 
non-significant (Student’s t test). In the whole non-epilepsy subgroup, comprising 29 
patients, the ABR changes occurred in 18 (62.1%). With respect to the abnormality rate 
discerned in 11 KA patients with concomitant epilepsy seizures (45.4%), the excess 
seemed substantial (16.7%), although it did not reach either the significance level. 

In all 12 patients with Wave I PL lengthening the hearing thresholds were within 
physiological borders as judged by the pure tone audiometry results. As manifested in 
separate wave missing, and/or in IPI prolongation, and/or in IA IPI I-V lengthening, 
and/or in AR increase, the abnormalities of the later ABR constituents were documented 
in six out of 13 patients with nystagmus (46.2%), suggestive of brainstem involvement, 
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and in 12 out of 27 without that (44.4%). The difference amounted thus to 1.8% only that 
being statistically non-significant. 

From 22 patients exhibiting VBI via Doppler procedure under straight-upright head 
position and/or HRTs, the ABR abnormalities were revealed in 14 (63.6%). On the other 
hand, the altered ABRs were found in 9 out of 18 subjects (50.0%), without Doppler 
confirmation of the VBI state under both straight-upright head position and HRTs. The 
difference between ABR abnormality incidences in dopplerographically proved VBI and 
non-VBI cases appeared thus rather noteworthy (13.6%), although it did not reach either 
the statistically significance level. 

DISCUSSION 

In the present study pathologically altered ABRs were found in 57.5% of inspected KA 
patients. The obtained results reasonably match the data of similar investigations but 
performed with VEP recordings [7]. In that research the VEP abnormalities were 
documented in 75.0% of KA patients and had been attributed just to the concomitant 
VBIs. 

Vascular genesis of ABR changes seen in present investigations is validated by: (1) The 
high incidences of ABR abnormalities manifested selectively (22.5%), or extendedly, by 
20.0%, under HRTs, the latter being known to worsen vertebra-basilar blood-flow 
circulation [14, 18]; (2) The high incidence of Wave I changes (30.0%), the alterations 
just of this ABR constituent being believed to be intrinsic for VBI [10]; (3) The high 
incidences of Doppler alterations in examined patients (55.0%); (4) The higher incidence 
of ABR abnormalities in patients with Doppler alterations (63.6%), than in those without 
(50.0%); (5) The absence of other pathologies that could be the reason of observed ABR 
distortions. 

VBI in KA cases is thought to be particularly expressive in cases of concomitant 
resembling pathologies, e.g. of arterial anomalies or atherosclerosis [11]. The 
involvement of vertebral arteries is particularly considered to happen in those KA 
patients, in which ABR alterations are emphasized or selectively detected under HRTs 
only [20]. Taking into account rather regular coexistence of KA and of vertebral artery 
oddities [11], as well as the young age of the most tested subjects in the present material, 
just artery anomalies but not atherosclerosis could be judged to be the reason of 
additional VBI and subsequent ABR changes in the inspected patients. Taking into 
account the diversity of ABR abnormalities in the whole KA sample, it could be sug-
gested also that the KA in different individuals reflects more hetero- rather than homo-
geneous vertebral alterations. This proposal is further substantiated by the lack of ABR 
irregularities in striking amount of KA patients (42.5%). 

The rate of ABR changes in our observations exceeds those in previous VBI studies [13]. 
The excess maybe explained by measuring in current researches of Wave I PL and by 
estimation of ABRs not only under straight-upright head position but under HRT also, the 
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latter being not utilized previously. Both supplements have to augment the efficacy of the 
test [15, 18]. Indeed, the ABR sensitivity in KA could be reduced by 12.5% if Wave I had 
been not estimated, while by 22.5% if HRTs had been not performed. The high score of 
ABR alterations in our study maybe caused also by taking into account the gender 
dependence of evaluated measures. The referring of the results of female and male KA 
individuals to the mean data of the corresponding gender controls but not to the over-
gender mixed values could improve the quantitative test profits and could assist thus the 
detection of brainstem lesions [13]. 

In the present study the epileptic seizures were observed in 27.5% of KA patients 
inspected. In previous investigations the increased rate of epilepsy has not been indicated 
in KA cases [7, 9, 11]. The high epilepsy score has been not noted in patients with VBI of 
other geneses either [18]. The excess of seizure incidences in our material could be 
attributed to the profile of institution, where the material for ABR inspection had been 
collected: Epilepsy Department of Institute of Neurology and Neuropsychology. Due to 
this reason, KA patients just with seizures addressed preferentially the collecting institu-
tion. 

The ABR alteration rate in the epilepsy subgroup had no superiority over that in the non-
epilepsy one. Moreover, the ABR abnormalities tended to be even less in epilepsy than 
non-epilepsy patients. Also, in four of five epilepsy patients with ABR abnormalities, the 
alterations were manifested selectively or in accentuated manner under HRTs that being 
characteristic just for VBI [18]. These results reject likely the assumption that the epi-
lepsy in KA subjects was in any way the reason of the observed ABR changes (cf. [2]). 

As indicated above, the PL-lengthening of ABR Wave I occurred in substantial number 
of KA cases (30.0%). In the patients with VBI, the Wave I alterations are naturally linked 
with 8th nerve lesions that being occurred due to the concomitant labyrinth blood flow 
deficits [10]. The patients with the increased Wave I PL possessed in our material 
actually the normal hearing thresholds. Similar electrophysiological vs. psychoacoustic 
disaccord was found earlier in multiple sclerosis patients and was ascribed to the 
subclinical 8th nerve lesions, in general, to the starting stages of the fibre demyelination, 
in particular [22]. The present results confirm the capacity of ABR Wave I to discern the 
mute 8th nerve lesions in KA patients also. 

In the present study the alterations of the later ABR constituents without any respective 
clinical brainstem manifestations occurred in substantial number of KA cases (44.4%). In 
patients just with brainstem symptoms, the rate of ABR abnormalities was higher 
(46.2%), although the difference between was negligible – 1.8% only, while statistically 
non-significant. To explain such a slight difference, it could be taken into account that in 
our material the brainstem involvement was qualified by the presence of nystagmus only, 
the latter being considered as a probable but not a decisive hint of the brainstem lesions 
[12]. Similarly to the present results, in previous multiple sclerosis [3, 12] and VBI [1, 
13] studies the ABRs were capable to detect not only clinically manifested brainstem 
lesions but mute local dysfunctions, too. 
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In line with previous observations both in healthy and in VBI subjects [14, 18], in the pre-
sent study the HRTs did not worsen further the existing negative feelings of tested 
individuals. Clinical symptoms were proved to follow HRTs in those cases only, in which 
the collateral compensation of blood circulation shortages were lacking, e.g. due to the 
combined damage of vertebral and posterior communicating arteries [20]. The absence of 
apparent exacerbation of neurological signs under ABR abnormality intensifications due 
to HRTs further emphasizes the aptitude of the ABR measure to discern not only clini-
cally evident brainstem disorders but subclinical faults also, e.g. of circulatory origin. 

According to the obtained results, the ABRs identify the brainstem pathology in 50.0% of 
KA patients without Doppler manifestations of VBI. It has to remember that the 
sensitivity of Doppler sonography is lower for vertebral than for carotid artery 
pathologies [19]. Moreover, only a marked vertebra-basilar stenosis is discerned regularly 
by the dopplerography [19]. The negative Doppler outcomes do not exclude thus VBI at 
all. Consequently, our data support the assumption that the ABR procedure is an effective 
tool for detecting brainstem disorders of deficit circulation origin even in cases of no 
blood shortages, as proved by the Doppler technique. Note that the backward extension of 
the head generally does not produce the abnormalities other than those occurred under its 
straight-upward position and/or side turnings. It precludes the necessity of performing the 
complete HRT set when inspecting KA patients by the ABR approach. The inspection 
time could be saved thus without any information loss. 
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tvinis Reros smenis pasuxTa Taviseburebebi kimerles 

anomaliiT daavadebulebSi 
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tvinis Reros smenis pasuxebi (tRsp-ebi) Sefasda kimerles anomaliiT, anu 

kisris pirveli malis Tandayolili malformaciiT daavadebul 40 pirSi. 

tRsp-Ta registracia pacientis Tavis rogorc pirdapiri poziciisas, ise 

misi rotaciebisas warmoebda. paTologiurad Secvlili tRsp 23 pirSi 

aRiniSna (57.5%), maTgan 14-Si (35.0%) cvlilebebs Tavis rogorc pirdapiri 

pozicisas, ise rotaciebisas, danarCen 9-Si (22.5%) mxolod rotaciebisas 

hqondaT adgili. tRsp-Ta CanawerebiT merve nervis dazianeba normaluri 

smenis 12 pacientSi gamovlinda (30.0%). tRsp-Ta CanawerebiTve tvinis Reros 

paTologia Sesabamisi klinikuri simptomatikis gareSe aseve 12 pacientSi 

dafiqsirda (30.0%). keTdeba daskvna, rom tRsp-Ta registracia, gansa-

kuTrebiT ganxorcielebuli Tavis rotaciebisas, smenis nervis da/an tvinis 

Reros ara marto klinikurad dadasturebul, aramed subklinikur 

cvlilebaTa deteqciis mgrZnobiare midgomas warmoadgens. 

ОСОБЕННОСТИ СТВОЛОМОЗГОВЫХ СЛУХОВЫХ ОТВЕТОВ 
У БОЛЬНЫХ АНОМАЛИЕЙ КИММЕРЛЕ 

Георгий Джапаридзе1,  Отар Тоидзе1,  Михаил Тушишвили,   
Зураб Кеванишвили2 
1 Институт неврологии и нейропсихологии;  2 Национальный центр аудиологии; 
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РЕЗЮМЕ 

Стволомозговые слуховые ответы (ССО-ы) были исследованы у 40 больных аномалией 
Киммерле – врождённым пороком развития первого шейного позвонка. ССО-ы регистри-
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ровались как при прямой позиции, так и при ротациях головы. Патологически измененные 
ССО-ы выявлены у 23 исследуемых (57.5%). У 14 из них (35.0%) сдвиги ССО-ов имели мес-
то как при прямой позиции головы, так и при еe ротациях, у остальных 9 же (22.5%) 
проявлялись они при ротациях только. По записям ССО-ов, патология восьмого нерва была 
документирована у 12 пациентов с нормальным слухом (30.0%). По записям же ССО-ов, 
начальные патологические сдвиги в стволе мозга при отсутствии соответствующих 
клинических симптомов выявлены также у 12 больных (30.0%). Делается заключение, что 
процедура регистрации ССО-ов, особенно при выполнении еe в условиях ротации головы 
исследуемого, является чувствительным способом верификации даже субклинических 
поражений слухового нерва и/или ствола мозга. 





 

 

instruqcia avtorTaTvis 

Jurnali “saqarTvelos mecnierebaTa erovnuli akademiis macne, biomedicinis 

seria” beWdavs eqsperimentuli biologiis, adamianisa da cxovelTa fizio-

logiisa da medicinis profilis originalur samecniero werilebs. mimo-

xilviTi xasiaTis werilebi ibeWdeba mxolod saredaqcio kolegiis dakveTiT. 

werilebi miiReba qarTul, rusul an inglisur enebze. nebismier enaze 

warmodgenil werils unda daerTos sam enaze (qarTul, rusul da in-

glisurze) dawerili reziume (ara umetes 250 sityvisa). samive reziume mkacrad 

erTi Sinaarsiis unda iyos. reziume unda Seicavdes saTaurs, avtorebs da 

dawesebulebas, romelSic Sesrulebulia naSromi, reziumeSi lakonurad unda 

iyos asaxuli Sromis mizani, meTodika, miRebuli Sedegebi da daskvna. 

TiToeul werils ZiriTadi teqstis enaze unda daerTos 4-6 e.w. sakvanZo 

sityva. 

werilis moculoba, reziumeebis da ilustraciebis CaTvliT ar unda iyos A4 

formatis 5 gverdze naklebi da 12 gverdze meti. ufro didi moculobis 

werilis beWdva saWiroebs redkolegiis specialuri Tanxmobis miRebas. 

werilis gaformeba xdeba standartuli rubrikaciiT: Sesavali, kvlevis mizani, 

masala da meTodebi, Sedegebi da maTi ganxilva, gamoyenebuli literaturis 

sia. es ukanaskneli pirveli avtorebis gvarebis mixedviT anbaniT unda iyos 

dalagebuli da Sesabamisad danomrili (jer qarTuli, Semdeg rusuli da 

bolos laTinurenovani). teqstSi citirebuli literatura miTiTebuli unda 

iyos Sesabamisi nomrebiT, kvadratul frCxilebSi. literaturis siaSi unda 

iyos miTiTebuli: avtorebi (gvarebi, inicialebi), Jurnalis (wignis) saxel-

wodeba, weli, tomi, nomeri da pirveli da bolo gverdebi. wignis citirebis 

SemTxvevaSi aucilebelia qalaqisa da gamomcemlobis miTiTeba (mag.: Tbilisi, 

mecniereba). SromaTa krebulis SemTxvevaSi saWiroa redaqtoris (redaqtorebis) 

inicialebis da gvarebis miTiTeba. 

gamosaqveynebeli werili redaqciaSi warmodgenili unda iyos rogorc 

amobeWdili (2 egz.), ise eleqtronuli versiiT – kompaqt-diskze (akrefili MS 
Word-Si). teqstis asakrefad gamoiyeneba 12 zomis fontebi. qarTuli teqstis-

Tvis gamoiyeneba AcadNusx da AcadMtavr, rusuli da inglisuri teqstebisTvis – 

Times New Roman. striqonTaSoris intervali – 1,5; velebi: marcxniv 3 sm, zeviT 
da qveviT 2,5 sm, marjvniv – 1,5 sm). Sav-TeTri grafikebi warmodgenili unda 

iyos MS Excel-is failiT, sxva Sav-TeTri suraTebi – jpg-failis saxiT, da-

saSvebia agreTve mkafio Sav-TeTri originalebis (naxazebis an naxatebis) 

saxiTac (araeleqtronuli). feradi suraTebi JurnalSi ar ibeWdeba. 

werilis eleqtronuli versia calke failebis saxiT unda Seicavdes teqsts, 

cxrilebs da suraTebs. failebis da/an folderis saxelwodeba unda iwyebodes 

werilis pirveli avtoris gvariT. ilustraciebis da cxrilebis adgili unda 

mieTiTos isriT amobeWdili versiis Sesabamisi gverdis velze, maTi 

Cakabadoneba teqstSi dauSvebelia. suraTebis warwerebi calke gverdze unda 

iyos akrefili. 

werili xelmowerili unda iyos yvela avtoris mier. bolo gverdze mi-

TiTebuli unda iyos sakorespondento avtoris telefoni da eleqtronuli 



 

 

fostis misamarTi. aucilebelia wamyvan avtorTa dawesebulebis adminis-

traciis wardgineba. 

JurnalSi werilis beWdva avtorTa xarjiT xorcieldeba. 

redkolegiaSi warmodgenili werili sarecenziod igzavneba or anonimur 

recenzentTan. recenzentTa azrSi principuli sxvaobis SemTxvevaSi werili 

damatebiT recenzirebaze gadaecema saredaqcio sabWos erT-erT Sesabamis 

wevrs, romlis azri gadamwyvetia. 

gamoqveynebuli werilis rusuli reziume ibeWdeba ruseTis referatuli 

Jurnalis saTanado seriaSi. 

redaqciaSi werilebis Cabareba SeiZleba yoveldRiurad, SabaTisa da kviris 

garda, dRis 12 sT-dan 15 sT-mde Tbilisis samedicino akademiaSi (qeTevan 

wamebulis gamz., 51a, dodo soxaZe (599-298-348) an iv. beritaSvilis eqsperi-

mentuli biomedicinis centrSi, l. goTuas q., 14, prof. g. beqaia (599-587-027), an 
prof. n. miTagvaria (599-304-104). 
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