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ventraluri tegmentumis stimulaciis gavlena 

hipokampis gaRizianebiT gamowveuli lokaluri da 

generalizebuli krunCxviTi reaqciebis mimdinareobaze 

maia barbaqaZe1,  irine bilaniSvili1,  nini niqabaZe2,  

qeTevan balarjiSvili3,  giorgi andronikaSvili1,  

zaqaria nanobaSvili1 

1 ivane beritaSvilis eqsperimentuli biomedicinis centris nei-

rofiziologiis laboratoria, Tbilisi, saqarTvelo;  2 ilias 

saxelmwifo universiteti, Tbilisi, saqarTvelo;  3 stomatolo-

giuri klinika, kvleviTi centri `unidenti~, Tbilisi, saqarTvelo 

temporaluri wilis epilefsiis mqone pacientTa umravlesobas xSirad 

uviTardebaT qceviTi emociuri darRvevebi. emociuri aSlilobebi SeiZleba 

iyos pre- da interiqtaluri. epilefsiT daavadebulTa aRniSnuli emo-

ciuri aSliloba ar aris calsaxa. is SeiZleba gamovlindes rogorc 

uaryofiTi, aseve dadebiTi emociuri reaqciis saxiT. ismis kiTxva: ra 

kavSiria emociebsa da epilefsiur aqtivobas Soris da, Tu aris, ra bio-

logiuri mniSvneloba SeiZleba hqondes pre- da interiqtaluri emociuri 

reaqciebis ganviTarebas epilefsiiT daavadebul adamianebSi. kerZod, 

gairkves dadebiTi da uaryofiTi emociogenuri struqturebis roli 

epileptogenezSi. tvinis Reros dofaminerguli sistema monawileobs da-

debiTi emociuri reaqciebis realizebaSi. amitom Seiswavleboda ventra-

luri tegmentumis roli krunCxviTi reaqciebis mimdinareobaSi. naCveneb 

iqna, rom ventraluri tegmentumis eleqtruli gaRizianeba iwvevda lo-

kaluri hipokampuri krunCxviTi reaqciebis blokirebas. ventraluri teg-

mentumis stimulacia akavebda ara marto eleqtroencefalografiuli, 

aramed qceviTi krunCviTi reaqciebis ganviTarebas. 

sakvanZo sityvebi: tegmentumi, hipokampuri krunCxvebi, virTagva 

mTeli rigi klinikuri dakvirvebebiT navaraudevia, rom tempo-

raluri wilis epilefsiis mqone pacientTa umravlesobas, romleb-

sac uviTardebaT limburi struqturebis hiperaqtivaciiT gamowveu-

li krunCxviTi reaqciebi, xSirad aReniSnebaT qceviTi emociuri 
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darRvevebi [3-5, 12, 23]. imis gamo, rom es struqturebi, gan-

sakuTrebiT hipokampi da amigdala, CarTulia emociuri reaqciebis 

kontrolSi, maT funqciobaSi mniSvnelovanma cvlilebebma SesaZloa 

gamoiwvios fsiqikuri darRvevebi. 

emociuri aSlilobebi SeiZleba iyos iqtaluri, romelic Tan sdevs 

krunCxviT reaqciebs, periiqtaluri, romelic viTardeba krunCxviTi 

reaqciebis dasrulebis Semdeg, preiqtaluri, romelsac adgili aqvs 

krunCxvebis dawyebamde da interiqtaluri, romelic vlindeba 

krunCxviT reaqciebs Soris [4, 7, 10]. 

eWvgareSea, rom yoveldRiur cxovrebaSi individze moqmedebs sxva-

dasxva specifikuri garemo faqtorebi, romelic gansxvavebul 

emociur reaqciebs ganapirobebs. Sesabamisad, gansxvavebulma garemo 

faqtorebma SesaZloa gamoiwvios rogorc uaryofiTi, aseve dade-

biTi emociuri reaqcia [8, 22]. aRsaniSnavia, rom epilefsiT daavade-

bulTa pre- da interiqtaluri emociuri aSliloba ar aris cal-

saxa, is SeiZleba gamovlindes rogorc uaryofiTi [4, 8], aseve dade-

biTi [10] emociuri reaqciis saxiT. 

moyvanili faqtebidan gamomdinare logikuria kiTxva – aris ki kav-

Siri emociebsa da epilefsiur aqtivobas Soris? da Tu aris, ra 

biologiuri mniSvneloba SeiZleba hqondes pre- da interiqtaluri 

emociuri reaqciebis ganviTarebas epilefsiiT daavadebul adamia-

nebSi. kerZod, gairkves dadebiTi da uaryofiTi emociogenuri 

struqturebis roli epileptogenezSi. 

dReisTvis emociebsa da epilefsiur aqtivobas Soris SesaZlo kav-

Siris empiriuli da/an neirofiziologiuri mtkicebuleba nakle-

badaa cnobili. 

mwiri klinikuri da, gansakuTrebiT, eqsperimentuli gamokvlevebiT 

naCvenebia, rom faqtorebi, romlebic cvlis adamianisa Tu cxovelTa 

emociur mdgomareobas, moqmedebs krunCxviTi reaqciebis rogorc 

ganviTarebaze, aseve mimdinareobaze. Tumca, aRniSnuli sakiTxis 

kvlevis Sedegebi urTierTsawinaaRmdegoa. epilefsiiT daavadebul 

pacientebSi garemo faqtorebis zegavleniT SesaZlebelia gaadvil-

des an Sekavdes krunCxvebi [5, 8, 11, 14]. 

wamoyenebuli hipoTeza 

im emociogenuri struqturebis gaaqtiveba, romlebic ganapirobeben 

sxvadasxva saxis emociuri reaqciebis ganviTarebas, Semakaveblad 

unda moqmedebdes krunCxvebis ganviTareba/mimdinareobaze. 
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aRniSnuli varaudi ganapiroba: 1. temporaluri wilis epilefsiiT 

daavadebulebSi emociuri aSlilobebi SeiZleba ganviTardes krun-

Cxvebis dawyebamde 1-2 dRiT an umetesad ramdenime saaTiT adre [7, 

12]; 2. zogierTi antiepilefsiuri preparati aZlierebs da/an iwvevs 

afeqturi emociuri mdgomareobis ganviTarebas [12, 14]; 3. emociuri 

darRvevebisas epilefsiiT daavadebul pacientebSi antidepre-

santebis gamoyeneba aZlierebs krunCxviT reaqciebs [3]. 

cnobilia, rom tvinis Reros dofaminerguli sistema monawileobs 

dadebiTi emociuri reaqciebis ganviTarebaSi. amitom, winamdebare 

naSromSi ganxilulia tvinis Reros dofaminerguli struqturis – 

ventraluri tegmentumis roli krunCxviTi reaqciebis ganviTareba/ 

mimdinareobaSi. 

masala da meTodebi 

eqsperimentebi Catarda TeTr laboratoriul mamr virTagvebze 

sxeulis masiT 200-250 g, romlebic moTavsebulni iyvnen standartul 

laboratoriul pirobebSi. cxovelebis movla da eqsperimentidan 

maTi gamoyvana ganxorcielda cxovelebisadmi humanuri midgomebis 

oficialurad miRebuli wesebis Sesabamisad [6]. 

eqsperimentebi tardeboda 2 seriad. 

1) Seswavlilia ventraluri tegmentumis winaswari gaRizianebis 

gavlena hipokampSi ganviTarebuli lokaluri krunCxviTi reaqciebis 

ganviTarebaze (n = 12). ventraluri tegmentumis gaRizianebis paramet-

rebi iyo: 120-150 µA ; 0.3 ms; 80-100 Hz. cxovelebi dayofili iyvnen or 

qvejgufad. pirveli qvejgufis cxovelebSi (n = 6) Seiswavleboda hi-

pokampuri krunCxviTi reaqciebis cvlilebebi 30-wamiani ventraluri 

tegmentumis gaRizianebis SewyvetisTanave. meore qvejgufis cxove-

lebSi (n = 6) Seiswavleboda hipokampuri krunCxviTi reaqciebis 

cvlilebebi ventraluri tegmentumis gaRizianebidan 0.5-1 wT-is, 5 

wT-is, 15-wT-is da a.S. krunCxviTi reaqciebis aRdgenamde. 

2) cdebis Semdeg seriaSi (n = 6) gamoyenebuli iyo adamianebSi gan-

viTarebuli temporaluri wilis epilefsiis (kindlingis) modeli. 

epilefsiuri keris formirebis mizniT xdeboda ventraluri hi-

pokampis eleqtruli stimulacia 40-jer 5 wuTiani intervaliT, 1 

dRis ganmavlobaSi. 24 sT, 2 da 4 kviris Semdeg vaxdendiT hipo-

kampis 5 test-stimulacias. epilefsiuri kera iTvleba formirebu-

lad, Tu cxovelebs 5 satesto gaRizianebaze (5 wuTiani intervale-

biT) 3-jer mainc uviTardeba reisinis [21] Skalis me-4 an me-5 safe-

xuris qceviTi reaqcia [3]. kindlingis ganviTarebidan 2 da 4 kviris 
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Semdeg xdeboda hipokampis rogorc izolirebuli, aseve ventraluri 

tegmentumis 5 satesto gaRizianeba 5-wuTiani stimulaciis Semdeg. 

ventralur tegmentumsa da hipokampSi eleqtrodebis Seyvana xor-

cieldeboda paqsinosis da vatsonis atlasidan [20] aRebuli koor-

dinatebiT. 

miRebuli Sedegebi 

cnobilia, rom epilefsiis mTeli rigi formebi (gansakuTrebiT 

temporaluri wilis epilefsia) farmakologiur mkurnalobas ar 

eqvemdebareba. aseTi darRvevebis Terapiis alternatiuli SesaZleb-

lobebis Ziebam aiZula mkvlevarebi SeeswavlaT `krunCxviTi reaq-

ciebis sawinaaRmdego~ iseTi midgomebi, rogoricaa aferentuli ner-

vebis da/an tvinis Rrmad mdebare struqturebis eleqtrostimulacia. 

naTxemis, lurji laqis, solitaruli traqtis birTvis, Talamusis 

retikuluri birTvis gaRizianebam SesaZloa daakninos da/an gamo-

iwvios sruli blokireba eqsperimentulad gamowveuli krunCxviTi 

reaqciebis ganviTarebaSi [18, 19]. 

Seiswavleboda ventraluri tegmentumis winaswari stimulaciis 

gavlena hipokampis gaRizianebiT gamowveuli krunCxviTi reaqciebis 

mimdinareobaze. krunCxviTi reaqciebi lokalurad iTvleboda im 

SemTxvevaSi, rodesac epilefsiuri ganmuxtvebi ar vrceldeboda 

neokorteqsze da, Sesabamisad, adgili ar hqonda qceviTi krunCxviTi 

reaqciebis gamovlinebas. 

 
sur. 1. ventraluri tegmentumis stimulaciis gavlena hipokampis gaRi-

zianebiT gamowveuli krunCxviTi reaqciebis mimdinareobaze. 1,3 – hipokampis 

izolirebuli gaRizianebiT gamowveuli krunCxviTi reaqciebi. a-s da b-s 

Soris intervali – 10 wami. 2 – ventraluri tegmentumis gaRizianebis 

(naCvenebia isriT) gavlena hipokampuri krunCxviTi reaqciebis mimdina-

reobaze. eleqtroencefalogramaze xazebiT naCvenebia hipokampis stimu-

lacia. eleqtroencefalogramebs Soris intervali – 5 wT. kalibrireba – 2 

wami, 250 mkv. 
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suraTze 1 naCvenebia hipokampis sazRurble stimulaciiT gamo-

wveuli lokaluri krunCxviTi reaqciebis cvlilebebi ventraluri 

tegmentumis gaRizianebis SewyvetisTanave. suraTze Cans, rom 

hipokampis stimulacia iwvevda eleqtroencefalografiuli krun-

CxviTi reaqciebis ganviTarebas hipokampSi (a, b – e, v). hipokampis 

imave parametrebiT gaRizianebisas ventraluri tegmentumis gaRi-

zianebis SewyvetisTanave xdeboda krunCxviTi reaqciebis mniSvnelo-

vani daknineba – adgili hqonda ramdenime abortuli pikovani poten-

cialis ganviTarebas (g, d). 

Seiswavleboda agreTve ventraluri tegmentumis xangrZlivi gaRi-

zianebis (6 wuTis ganmavlobaSi) gavlena hipokampuri lokaluri 

krunCxviTi reaqciebis mimdinareobaze. gamoirkva, rom, rac ufro 

xangrZlivia ventraluri tegmentumis gaRizianeba, miT xangrZlivia 

krunCxviTi reaqciebis daknineba. 

Semdeg suraTze (sur. 2) naCvenebia hipokampis gaRizianebiT gamo-

wveuli lokaluri eeg krunCxviTi reaqciebis saSualo maCvenebeli 

tegmentumis 6-wuTiani stimulaciis Semdeg. 

 
sur. 2. hipokampis stimulaciiT ganviTarebuli lokaluri eeg krunCxviTi 

reaqciebis mimdinareobis saSualo maCvenebeli ventraluri tegmentumis 6- 

wuTiani stimulaciis Semdeg (n = 6). 1 – hipokampis stimulaciis efeqtebi 

tegmentumis gaRizianebamde. 2-5 – hipokampis gaRizianebis efeqtebi teg-

mentumis gaRizianebidan 2 – 20-25 wamis; 3 – 15 wuTis; 4 – 35 wuTis da 5 – 50 

wuTis Semdeg. ordinata – 6 cxovelis krunCxviTi reaqciebis xan-

grZlivobis saSualo maCvenebeli 
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rogorc suraTze Cans, ventraluri tegmentumis gaRizianebiT xdeba 

eleqtroencefalografiuli krunCxviTi ganmuxtvebis mniSvnelovani 

daknineba, romelic grZeldeba 45-50 wuTis ganmavlobaSi. 

erT-erTi aseTi cdis Sedegi warmodgenilia suraTze 3. naCvenebia 

hipokampis sazRurble stimulaciiT gamowveuli lokaluri krun-

CxviTi reaqciebis cvlilebebi ventraluri tegmentumis 6-wuTiani 

gaRizianebidan 10, 20 da 35 wuTis Semdeg. suraTze Cans, rom 

ventraluri tegmentumis 6-wuTiani gaRizianebis Semdeg adgili aqvs 

krunCxviTi reaqciebis Sekavebas, romelic aRdgeba tegmentumis 

stimulaciidan 35 wuTis Semdeg. 

 
sur. 3. ventraluri tegmentumis xangrZlivi (6 wuTi) stimulaciis gavlena 

hipokampuri krunCxviTi reaqciebis mimdinareobaze. 1, 2 – hipokampis 

eleqtruli aqtivoba gaRizianebuli ubnidan 1 mm-iT win (1) da 1 mm-iT ukan 

(2). hipokampis krunCxviTi reaqciebis mimdinareoba ventraluri tegmentumis 

gaRizianebidan 10 (b), 20 (g) da 35 (d) wuTis Semdeg. xazebiT naCvenebia 

hipokampis stimulaciis momentebi. kalibrireba – 2 wuTi, 250 mkv 
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cdebis Semdeg seriaSi Seiswavleboda ventraluri tegmentumis xan-

grZlivi gaRizianebis gavlena hipokampSi Camoyalibebuli epilef-

siuri keris (kindlingis modeli – ix. meTodika) arsebobis pirobebSi. 

gamoirkva, rom ventraluri tegmentumis eqvswuTiani gaRizianebis 

Semdeg xdeboda rogorc hipokampis eleqtroencefalografiuli, 

aseve qceviTi krunCxviTi reaqciebis mniSvnelovani blokireba. Sem-

deg suraTze (sur. 4) naCvenebia ventraluri tegmentumis gaRiziane-

bis gavlena hipokampuri eleqtroencefalografiuli krunCxviTi 

reaqciebis mimdinareobaze. suraTze Cans, rom Camoyalibebuli epi-

lefsiuri keris arsebobisas, kindlingis dasrulebidan ori (sur. 4 – 

3) da oTxi (sur. 4 – 5) kviris Semdeg ventraluri tegmentumis ga-

RizianebiT xdeboda eleqtroencefalografiuli krunCxviTi reaq-

ciebis mniSvnelovani daknineba. 

 
sur. 4. ventraluri tegmentumis gaRizianebis gavlena hipikampur eleqtro-

encefalografiul krunCxviT reaqciebze kindlingis dasrulebidan ori da 

oTxi kviris Semdeg. 1 – kindlingis ganviTarebisas hipokampis pirvel xuT 

gaRizianebaze eleqtrografiuli krunCxviTi reaqciebis xangrZlivobis 

saSualo maCvenebeli. 2, 4 – izolirebuli hipokampis stimulaciisas 

eleqtroencefalografiuli krunCxviTi reaqciebis saSualo maCvenebeli 

ori (2) da oTxi (4) kviris Semdeg. 3, 5 – ventraluri tegmentumis 

eqvswuTiani gaRizianebis gavlena hipokampis stimulaciisas eleqtroen-

cefalografiuli krunCxviTi reaqciebis saSualo maCvenebelze ori (2) da 

oTxi (4) kviris Semdeg. ordinata – eleqtroencefalografiuli krunCxviTi 

reaqciebis xangrZlivobis saSualo maCvenebeli wamebSi 

aRsaniSnavia, rom kindlingis dasrulebidan ori da oTxi kviris 

Semdeg agreTve adgili hqonda hipokampis stimulaciiT gamowveuli 

qceviTi krunCxviTi reaqciebis mniSvnelovan dakninebas (sur. 5). 
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sur. 5. ventraluri tegmentumis gaRizianebis gavlena hipokampis 

stimulaciiT gamowveul krunCxviT reaqciebze kindlingis dasrulebidan 

ori da oTxi kviris Semdeg. 1 – kindlingis ganviTarebisas hipokampis 

pirvel xuT gaRizianebaze qceviTi krunCxviTi reaqciebis xangrZlivobis 

saSualo maCvenebeli. 2, 4 – izolirebuli hipokampis stimulaciisas 

qceviTi krunCxviTi reaqciebis saSualo maCvenebeli ori (2) da oTxi (4) 

kviris Semdeg. 3, 5 – ventraluri tegmentumis eqvswuTiani gaRizianebis 

gavlena hipokampis stimulaciisas qceviTi krunCxviTi reaqciebis saSualo 

maCvenebelze ori (2) da oTxi (4) kviris Semdeg. ordinata – qceviTi 

krunCxviTi reaqciebis saSualo maCvenebeli reisinis Skalis mixedviT. 

Sedegebis ganxilva 

tvinis ventraluri tegmentumi warmoadgens heterogenul struq-

turas, romelic monawileobs mravali qceviTi reaqciis (motivacia, 

dadebiTi emociuri reaqciebi) regulaciaSi. ventraluri tegmen-

tumis dofaminerguli neironebis anomaluri funqcioba neirofsi-

qiatriul aSlilobebs ganapirobebs, rogoricaa epilefsia, de-

presia da sxv. [9, 15]. 

ventraluri tegmentumis stimulaciis dros dofamini SesaZlebelia 

monawileobdes krunCxviTi reaqciebis blokirebaSi. Sesabamisad, ven-

traluri tegmentumi, rogorc tvinis dofaminerguli ubani unda 

warmoadgendes struqturas, romelsac gaaCnia antikonvulsiuri mo-

qmedeba [17]. 

Tumca, Sedegebis interpretacias arTulebs is, rom ventraluri 

tegmentumis neironebi ara marto dofaminergulia, aramed neiro-
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nebis 30% gaem-ergulia. aRniSnul neironebs aqvT ormagi mniS-

vneloba, radgan tegmentumis gaem-erguli neironebi ganapirobeben 

rogorc dofaminerguli neironebis lokalur Sekavebas, aseve 

tvinis distalurad arsebuli ubnebis neironebis Sekavebas [1]. 

tvinis Rrmad mdebare struqturebis stimulaciis Sesaxeb Sedegebis 

miuxedavad, dReisTvis arsebobs ori urTierTsawinaaRmdego Se-

xeduleba moqmedebis meqanizmebis Sesaxeb: tvinis Rrmad mdebare 

struqturebis stimulacia akavebs Tu aaqtivebs lokaluri neiro-

nuli elementebis moqmedebas [2]. 

virTagvas subTalamuri birTvis anaTlebze Catarebuli eqsperimen-

tebidan gamoirkva, rom maRalsixSiruli eleqtruli stimulacia 

neironebSi natriumisa da kalciuris potencialdamokidebuli ar-

xebis xangrZliv inaqtivacias iwvevda, xolo hipokampis anaTlebze 

Catarebuli eqsperimentebiT ki naCveneb iqna, rom maRalsixSiruli 

stimulacia depolarizaciul blokadas iwvevda, rac ujredgare 

areSi kaliumis ionebis momatebiT iyo ganpirobebuli [16]. 

Sesabamisad, monacemebis interpretaciisas gaTvaliswinebuli unda 

iyos rogorc stimulaciis parametrebi, aseve gaRizianebuli ubnis 

neironebis eleqtrofiziologiuri maxasiaTeblebi – neironebis gan-

muxtvebis sixSire, refraqtoruli fazebis xangrZlivoba da a.S. 

tvinis Rrmad mdebare struqturebis moqmedebis meqanizmebis gan-

sazRvris mizniT wamoyenebul iqna ramdenime Teoria, romlis mixed-

viT struqturebis gaRizianebis efeqtebi unda ganixilebodes, ro-

gorc `mwvave~ (romelic grZeldeba stimulaciidan ramdenime wa-

midan wuTebisa da saaTebis ganmavlobaSi) da `qronikuli~ (dReebisa 

da Tveebis ganmavlobaSi). neirotransmiterebis modulacia unda 

ganapirobebdes `mwvave~ efeqtebs, xolo sinafsuri plastikuroba da 

neirogenezi unda ganapirobebdes `qronikul~ efeqtebs [24]. 

Cven mier naCveneb iqna, rom ventraluri tegmentumis eleqtruli 

gaRizianeba iwvevda lokaluri hipokampuri krunCxviTi reaqciebis 

blokirebas. amasTan erTad, gamoirkva, rom, rac ufro xangrZlivia 

ventraluri tegmentumis stimulacia, miT xangrZlivia krunCxviTi 

reaqciebis daknineba. 

amasTan erTad naCvenebi iyo, rom ventraluri tegmentumis sti-

mulacia akavebda ara marto eleqtroencefalografiuli, aramed 

qceviTi krunCxviTi reaqciebis ganviTarebas. miRebuli Sedegebi Se-

iZleba ganpirobebuli iyos ventraluri tegmentumis dofaminer-

guli sinafsebis potenciaciiT. aseve araa gamoricxuli Talamusis 
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retikuluri birTvis neironebis CarTvac krunCxviTi reaqciebis 

blokirebaSi. naCvenebia, rom Talamusis retikuluri birTvis neiro-

nebis gaaqtiveba iwvevs generalizebuli krunCxviTi reaqciebis gan-

viTarebis blokirebas [18, 19]. 

Tumca, saboloo daskvnis gakeTeba SesaZlebeli iqneba mas Semdeg, 

rac gairkveva: 1) ventraluri tegmentumis gaRizianebis is para-

metrebi (ZiriTadad gaRizianebis sixSire), romlebic ganapirobeben 

rogorc lokaluri, ise generalizebuli krunCxviTi reaqciebis 

efeqtur blokirebas; 2) ventraluri tegmentumis romeli mediatori 

(dofamini Tu gaemi an orive erTad) monawileobs krunCxviTi 

reaqciebis blokirebaSi; 3. ventraluri tegmentumis stimulaciisas 

krunCxviTi reaqciebis daknineba am struqturis gaaqtivebiTaa 

ganpirobebuli, Tu blokirebiT. 

naSromi Sesrulebulia SoTa rusTavelis erovnuli samecniero 

fondis mxardaWeriT (granti: FR-23-1938). 
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ВЛИЯНИЕ СТИМУЛЯЦИИ ВЕНТРАЛЬНОЙ ПОКРЫШКИ НА ТЕЧЕНИЕ 
ЛОКАЛЬНЫХ И ГЕНЕРАЛИЗОВАННЫХ СУДОРОЖНЫХ РЕАКЦИЙ, 
ВЫЗВАННЫХ РАЗДРАЖЕНИЕМ ГИППОКАМПА 
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РЕЗЮМЕ 

Изучено значение дофаминргической структуры ствола головного мозга – вентральной 
покрышки в развитии судорожных реакций, вызванных раздражением гиппокампа. Было 
показано, что электрическая стимуляция вентральной покрышки блокирует локальные 
судорожные реакции гиппокампа. Стимуляция вентральной покрышки тормозила развитие 
не только электроэнцефалографических, но и поведенческих судорожных реакций. 

THE EFFECT OF VENTRAL TEGMENTAL STIMULATION ON THE COURSE 
OF LOCAL AND GENERALIZED CONVULSIVE REACTIONS INDUCED 
BY HIPPOCAMPAL STIMULATION 

Maia Barbakadze1,  Irine Bilanishvili1,  Nini Nikabadze2,  Ketevan Balarjishvili3,  
George Andronikashvili1,  Zakaria Nanobashvili1 
1 Iv. Beritashvili Center for Experimental Biomedicine, Laboratory of neurophysiology, 
Tbilisi, Georgia;  2 Ilia State University, Tbilisi, Georgia;  3 Research Center “Unident”, 
Tbilisi, Georgia 

SUMMARY 

The significance of the dopaminergic structure of the brainstem – the ventral tegmentum in the 
development of convulsive reactions caused by stimulation of the hippocampus was studied. It has 
been shown that electrical stimulation of the ventral tegmentum has an inhibitory effect on local 
convulsive reactions of the hippocampus. Stimulation of the ventral tegmentum inhibited the 
development of not only electroencephalographic, but also behavioral convulsive reactions. 
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preperat naqsojinis kvantur-qimiuri kvleva 

nestan bregaZe1,  nodar CigogiZe2,  izolda didbariZe1 

1 akaki wereTlis quTaisis saxelmwifo universiteti, saqarT-

velo;  2 saqarTvelos teqnikuri universiteti, Tbilisi 

preparat naqsojinis kvantur-qimiuri kvlevis naxevradempiriuli meTodebiT 

gamoTvlilia molekulis zogadi energetikuli, eleqtronuli da struq-

turuli monacemebi. naqsojinis molekulis warmoqmnis siTbo (∆H) – 93.808 

kj/moli (AM1 meTodiT), 74,086 kj/moli (PM3 meTodiT), 87,588 kj/moli 

(MNDO meTodiT); eleqtronebis energiis – 18381 ev (AM1 meTodiT), 17763,813 

ev (PM3 meTodiT), 18352,040 ev (MNDO meTodiT). birTvebis ganzidvis ener-

gia 15253, 970 ev, 14954,793 ev, 15212,210 ev. ionizaciis potenciali 9,734 v, 9,883 

v, 9,863 v (Sesabamisad, meTodebis mixedviT). Sevsebuli molekuluri orbi-

talebis raodenoba samive meTodis SemTxvevaSi erTmaneTis tolia. 

kvantur-qimiuri kvlevis naxevradempiriuli (АМ1, РМ3, MNDO) meTodebiT 

warmodgenilia naqsojinis molekulaTa konfiguraciebi (sur. 1, 2, 3) [5, 6]. 

sakvanZo sityvebi: naqsojini, kvantur-qimiuri naxevradempiriuli meTodebi 

bolo wlebis ganmavlobaSi gansakuTrebuli yuradReba eqceva 

sokos sawinaaRmdego preparatebs. am mimarTulebiT mniSvnelovania 

imidazolis warmoebulebi, radgan misi organuli heterocikli did 

rols asrulebs cocxali organizmebis nivTierebaTa metabolizmSi. 

dReisTvis mravali farmacevtuli preparatis sayrdens warmoadgens 

imidazolis sistema – naqsojini, tinidazoli, niridazoli, eTimi-

zoli, bifonaroli, tiberali, klotrimazoli, metronidazoli da sxv. 

naqsojini da tinidazoli ewinaaRmdegeba sokos ujreduli mem-

branis struqturuli komponentis ergosterinis sinTezs, cvlis 

sokovani ujredebis membranis ganvladobas, xels uwyobs kaliumis 

gamosvlas ujredidan, aseve ujredSida fosforovani naerTebisa da 

ujreduli nukleinis mJavebis daSlas. aRniSnuli ligandebi 

Jangvisas amcirebs fermentebis aqtiurobas, ris gamoc wyalbadis 

peroqsidis koncentracia toqsikur donemde izrdeba, rasac miv-

yevarT simsivnuri ujredis nekrozamde. 
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naqsojinisa da tinidazolis molekulebSi azotSemcveli jgufebis 

Semcveloba ganapirobebs kompleqswarmomqmnel metalTa atomebTan 

koordinirebis xerxebisa da struqturuli fragmentebis zust gan-

sazRvras, agreTve maTi baqtericiduli, fungiciduri da sxva Tvise-

bebis dadgenas. 

kvantur-qimiuri naxevradempiriuli meTodebiT kvlevis Sedegad nax-

Sirbadis atomTaSorisi savalento bmebi C–C aRmoCnda 1.422-1.544 Å, 

maT Soris saSualo bmaTa sigrZe naxSirbadatomebs Soris 1.483 Å 

(AM1 meTodiT), 1.468 Å (PM3 meTodiT) da 1.479 Å (MNDO meTodiT). 

naxSirbad- da azotis atomTaSoris bmaTa sigrZe aRmoCnda C–N 1.364-
1.456 Å, xolo saSualo bmaTa sigrZe 1.40 Å (AM1 meTodiT), C–N 1.361-
1.491 Å, aqedan saSualo bmis sigrZe 1.426 Å (PM3 meTodiT) da C–N 

1.343-1,474 Å, xolo saSualo bmis sigrZe 1.408 Å (MNDO meTodiT) [1, 2]. 

 
sur. 1. naqsojinis C9H14N4O3 molekulis aRnagoba (gamoTvlili AM1 meTo-

diT) 

naxSirbadatomebsa da naxSirbad-azotis atomTaSoris qimiur bmaTa 

sigrZeebi sakmaod farTo intervalSi (magram dasaSveb farglebSi) 

icvleba, rac Sesabamisi bmebis SedarebiT sisusteze mianiSnebs ma-

Sin, rodesac naxSirbad-JangbadatomTaSoris bmaTa sigrZeebi, gamoT-

vlili zemoaRniSnuli samive meTodiT, TiTqmis erTmaneTTan Tan-

xvedraSia: C13-O14 1.422, 1.415, 1.400 da C15-O14 1.423, 1.414, 1.400Å (Sesabami-
sad, meTodebis TanamimdevrobiT), rac Sesabamis atomTaSoris kova-

lentur-polarul bmaTa gaZlierebaze mianiSnebs. 

aqedan gamomdinare, kidev ufro mkveTrad ikveTeba azot-Jangbadis 

atomTaSoris urTierTqmedebisas “7-6-8” jgufSi, sadac atomTaSori-

si manZilebi, Sesabamisad, 1.202, 1.212, 1.212 da 1.210, 1.205, 1.219, 1.210 Å, 

xolo bmaTa rigi – 1.462, 1.530, 1.465 da 1.430, 1.456, 1.458 Å tolia (me-
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Todebis TanamimdevrobiT), rac Sesabamisi atomTaSorisi bmebis gaZ-

lierebis dasturia [3]. 

 
sur. 2. naqsojinis C9H14N4O3 molekulis aRnagoba (gamoTvlili PM3 meTo-

diT) 

naqsojinis molekulaSi dafiqsirebul Jangbad (O14)-da naxSirbada-

tomebs (C13 da C15) Soris qimiuri bmebis sigrZeTa mniSvnelobebia 

(1.428, 1.415, 1.400 da 1.423 Å), isini SedarebiT gadidebulia, rac cik-

lis konfiguraciiT (daWimulobiT) aris gamowveuli da es asaxulia 

kidec Sesabamisi kuTxis (C13 O14 C15 116,50 samive meTodis saSualo) si-

dideSi. 

cxrili 1 

naqsojinis molekulis warmoqmnis siTbo (∆H) da dipoluri momenti 

(η) gamoTvlilikvantur-qimiuri naxevradempiriuli meTodebiT  

№ 
gamoTvlis 

meTodebi 

warmoqmnis siTbo �H 

kj/moli 

dipoluri momenti η, 
D debai 

1 AM1 93,808 4,621 

2 PM3 -74,086 4,617 

3 MND0 87,588 4,527 

naqsojinis savalento kuTxeebi gamoTvlilia rogorc birTvebTan 

C-C-O, C-O-C, C-C-N, aseve birTvebis mimdebare jgufebSi C-N-O, O-C-O 

da sxv., sadac kuTxeebi, Sesabamisad, 115-1160 farglebSia, rac nax-

Sirbadis, azotisa da Jangbadis sxvadasxva hibridizaciebze mianiS-

nebs (sur. 1, 2, 3, naqsojinis molekulebi gamoTvlilia AM1, PM3 da 
MND0 meTodebiT) [5, 6]. 
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sur. 3. naqsojinis C9H14N4O3 molekulis aRnagoba (gamoTvlili MNDO meTodiT) 

mTlianobaSi, SeiZleba gakeTdes daskvna, rom miRebuli eqsperimen-

tuli monacemebi atomTaSorisi qimiuri bmebis, savalento kuTxeebi-

sa da bmebis rigis Sesaxeb srul TanxvedraSia sadReisod msoflio-

Si cnobil standartul mniSvnelobaTa sidideebTan [5, 6]. 

cxrili 2 

naqsojinis molekulis energetikuli, eleqtronuli da 

struqturuli monacemebi, gamoTvlili kvantur-qimiuri 

naxevradempiriuli meTodebiT  

eleqtronebis ganawileba 

orbitalebze  N atomi 
gamoTvlis 

meTodi 

atomebze 

muxti 
2S 2Px 2Py 2Pz 

AM1 -0.105 1.462 1.044 1.078 1.522 

PM3 0.387 1.269 0.928 0.971 1.445 1 N(1) 

MNDO -0.233 1.482 1.052 1.095 1.604 

AM1 -0.227 1.247 0.813 0.893 1.275 

PM3 -0.664 1.299 0.958 1.045 1.363 2 C(2) 

MNDO -0.096 1.214 0.788 0.853 1.241 

AM1 -0.044 1.255 0.995 0.845 0.949 

PM3 0.015 1.207 0.987 0.867 0.924 3 C(3) 

MNDO 0.045 1.224 0.942 0.830 0.960 
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cxrili 2 (gagrZeleba) 

eleqtronebis ganawileba 

orbitalebze N atomi 
gamoTvlis 

meTodi 

atomebze 

muxti 
2S 2Px 2Py 2Pz 

AM1 -0.145 1.752 0.955 1.239 1.200 

PM3 -0.126 1.649 0.950 1.348 1.179 4 N(4) 

MNDO -0.227 1.745 0.976 1.287 1.219 

AM1 -0.053 1.277 1.005 0.780 0.991 

PM3 -0.206 1.256 1.018 0.889 1.044 5 C(5) 

MNDO 0.100 1.248 0.949 0.753 0.950 

AM1 0.616 1.401 1.004 0.997 0.982 

PM3 1.381 1.072 0.883 0.863 0.801 6 N(6) 

MNDO 0.516 1.421 1.038 1.022 1.003 

AM1 -0.340 1.943 0.957 1.913 1.526 

PM3 -0.591 1.927 1.142 1.917 1.605 7 O(7) 

MNDO -0.315 1.929 1.365 1.767 1.253 

AM1 -0.380 1.943 1.779 1.104 1.553 

PM3 -0.639 1.929 1.823 1.245 1.642 8 O(8) 

MNDO -0.323 1.929 1.688 1.489 1.238 

AM1 -0.078 1.240 0.931 0.853 1.056 

PM3 -0.165 1.192 0.955 0.943 1.076 9 C(9) 

MNDO 0.133 1.231 0.870 0.815 0.951 

AM1 -0.060 1.229 0.899 1.043 0.889 

PM3 -0.088 1.180 0.910 1.036 0.963 10 C(10) 

MNDO 0.168 1.216 0.888 0.920 0.808 

AM1 -0.277 1.569 1.658 1.043 1.015 

PM3 -0.072 1.501 1.629 0.981 0.960 11 N(11) 

MNDO -0.459 1.525 1.744 1.060 1.130 

AM1 -0.098 1.234 1.002 0.895 0.966 

PM3 -0.113 1.184 0.996 0.976 0.957 12 C(12) 

MNDO 0.134 1.222 0.901 0.875 0.868 
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cxrili 2 (gagrZeleba) 

eleqtronebis ganawileba 

orbitalebze N atomi 
gamoTvlis 

meTodi 

atomebze 

muxti 
2S 2Px 2Py 2Pz 

AM1 -0.023 1.273 0.987 0.910 0.889 

PM3 0.057 1.158 0.987 0.863 0.936 13 C(13) 

MNDO 0.161 1.225 0.920 0.782 0.913 

AM1 -0.267 1.882 1.815 1.137 1.434 

PM3 -0.255 1.857 1.827 1.140 1.432 14 O(14) 

MNDO -0.326 1.824 1.799 1.163 1.540 

AM1 -0.024 1.237 0.997 0.868 0.921 

PM3 0.058 1.157 0.979 0.922 0.882 15 C(15) 

MNDO 0.162 1.225 0.902 0.877 0.834 

AM1 -0.097 1.233 0.995 0.932 0.936 

PM3 -0.116 1.185 1.006 0.935 0.989 16 C(16) 

MNDO 0.130 1.223 0.918 0.786 0.943 

AM1 0.209 0.790    

PM3 0.161 0.839    17 H(17) 

MNDO 0.128 0.872    

AM1 0.212 0.788    

PM3 0.177 0.823    18 H(18) 

MNDO 0.139 0.861    

AM1 0.116 0.884    

PM3 0.094 0.906    19 H(19) 

MNDO 0.021 0.979    

AM1 0.138 0.862    

PM3 0.115 0.885    20 H(20) 

MNDO 0.040 0.960    

AM1 -0.098 0.902    

PM3 0.073 0.927    21 H(21) 

MNDO 0.012 0.988    
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cxrili 2 (gagrZeleba) 

eleqtronebis ganawileba 

orbitalebze N atomi 
gamoTvlis 

meTodi 

atomebze 

muxti 
2S 2Px 2Py 2Pz 

AM1 0.113 0.887    

PM3 0.079 0.921    22 H(22) 

MNDO 0.016 0.984    

AM1 0.070 0.930    

PM3 0.044 0.956    23 H(23) 

MNDO 0.001 0.999    

AM1 0.089 0.911    

PM3 0.063 0.937    24 H(24) 

MNDO 0.009 0.991    

AM1 0.113 0.887    

PM3 0.062 0.937    25 H(25) 

MNDO 0.027 0.973    

AM1 0.082 0.918    

PM3 0.046 0.954    26 H(26) 

MNDO -0.003 1.003    

AM1 0.113 0.887    

PM3 0.063 0.937    27 H(27) 

MNDO 0.028 0.972    

AM1 0.082 0.918    

PM3 0.045 0.955    28 H(28) 

MNDO -0.003 1.003    

AM1 0.098 0.902    

PM3 0.066 0.934    29 H(29) 

MNDO 0.010 0.990    

AM1 0.070 0.930    

PM3 0.051 0.949    30 H(30) 

MNDO 0.003 0.997    
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rogorc cxrili 2-is analizi gviCvenebs, naqsojinis molekulis 

atomebis eleqtronul simkvriveTa da efeqturi muxtebis sidideTa 

SedarebiT didi mniSvnelobebi axasiaTebs azotis №1 da №4 ato-

mebs. aseve SeiZleba iTqvas SP2
-hibridizebul mdgomareobaSi myof 

imidazoluri azotis atomis №1 Sesaxeb, romelsac gaaCnia Zlier 

lokalizebuli 2PZ-orbitali. am 2PZ-orbitalisa da kompleqswar-

momqmneli metalis d-orbitalis gadafarvisTvis aucilebelia maTi 

maqsimaluri daaxloeba, rac gamoricxulia, radgan sinamdvileSi 

maT Soris ganziduloba Zlier izrdeba. 

zemoaRniSnuli gvaZlevs safuZvels vivaraudoT, rom organuli li-

gandis (naqsojinis) koordinireba kompleqswarmomqmnel metalebTan 

xorcieldeba monodentaturi naqsojinis donoruli heterociklis 

azotis №4 atomiT, romelsac eleqtronuli muxti lokalizebuli 

aqvs, ZiriTadad, 2S-orbitalze. 

cxrili 3 

AM1, PM3 da MNDO kvantur-qimiuri naxevradempiriuli meTodebiT 

gamoTvlili naqsojinis molekulaSi atomTaSorisi manZilebis 

mniSvnelobebi 

gamoTvlis meTodi 
N atomTaSorisi bma 

AM1 PM3 MNDO 

manZili, Å 1.415 1.421 1.409 
1 N(1)−C(2) 

rigi 1.109 1.149 1.089 

manZili, Å 1.426 1.406 1.396 
2 C(2)−C(3) 

rigi 1.415 1.407 1.521 

manZili, Å 1.377 1.373 1.385 
3 C(3)−N(4) 

rigi 1.366 1.405 1.281 

manZili, Å 1.364 1.361 1.343 
4 N(4)−C(5) 

rigi 1.468 1.441 1.552 

manZili, Å 1.389 1.380 1.404 
5 N(1)−C(5) 

rigi 1.241 1.355 1.166 

manZili, Å 1.456 1.467 1.474 
6 C(2)−N(6) 

rigi 0.898 0.914 0.852 

manZili, Å 1.202 1.212 1.210 
7 N(6)−O(7) 

rigi 1.462 1.513 1.465 
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cxrili 3 (gagrZeleba) 

gamoTvlis meTodi 
N atomTaSorisi bma 

AM1 PM3 MNDO 

manZili, Å 1.205 1.219 1.210 
8 N(6)−O(8) 

rigi 1.430 1.456 1.458 

manZili, Å 1.437 1.477 1.474 
9 N(1)−C(9) 

rigi 0.904 0.960 0.882 

manZili, Å 1.544 1.537 1.562 
10 C(9)−C(10) 

rigi 0.943 0.966 0.927 

manZili, Å 1.439 1.483 1.456 
11 C(10)−N(11) 

rigi 0.986 0.993 0.957 

manZili, Å 1.453 1.491 1.465 
12 N(11)−C(12) 

rigi 0.965 0.9769 0.934 

manZili, Å 1.535 1.531 1.557 
13 C(12)−C(13) 

rigi 0.961 0.974 0.943 

manZili, Å 1.422 1.415 1.400 
14 C(13)−O(14) 

rigi 0.984 0.984 0.970 

manZili, Å 1.423 1.414 1.400 
15 O(14)−C(15) 

rigi 0.982 0.984 0.971 

manZili, Å 1.535 1.530 1.556 
16 C(15)−C(16) 

rigi 0.962 0.974 0.943 

manZili, Å 1.454 1.492 1.466 
17 N(11)−C(16) 

rigi 0.963 0.979 0.934 

manZili, Å 1.093 1.093 1.084 
18 C(3)−H(17) 

rigi 0.918 0.945 0.944 

manZili, Å 1.098 1.100 1.087 
19 C(5)−H(18) 

rigi 0.910 0.930 0.933 

manZili, Å 1.131 1.111 1.121 
20 C(9)−H(19) 

rigi 0.948 0.969 0.959 
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cxrili 3 (gagrZeleba) 

gamoTvlis meTodi 
N atomTaSorisi bma 

AM1 PM3 MNDO 

manZili, Å 1.131 1.120 1.113 
21 C(9)−H(20) 

rigi 0.945 0.953 0.966 

manZili, Å 1.127 1.114 1.118 
22 C(10)−H(21) 

rigi 0.955 0.963 0.960 

manZili, Å 1.131 1.108 1.122 
23 C(10)−H(22) 

rigi 0.949 0.972 0.958 

manZili, Å 1.129 1.111 1.119 
24 C(12)−H(23) 

rigi 0.951 0.971 0.952 

manZili, Å 1.126 1.108 1.117 
25 C(12)−H(24) 

rigi 0.957 0.974 0.963 

manZili, Å 1.121 1.103 1.120 
26 C(13)−H(25) 

rigi 0.949 0.970 0.958 

manZili, Å 1.122 1.107 1.123 
27 C(13)−H(26) 

rigi 0.953 0.971 0.949 

manZili, Å 1.121 1.103 1.120 
28 C(15)−H(27) 

rigi 0.949 0.970 0.958 

manZili, Å 1.122 1.107 1.123 
29 C(15)−H(28) 

rigi 0.953 0.971 0.011 

manZili, Å 1.125 1.107 1.117 
30 C(16)−H(29) 

rigi 0.957 0.975 0.963 

manZili, Å 1.129 1.117 1.119 
31 C(16)−H(30) 

rigi 0.951 0.962 0.952 
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cxrili 4 

AM1, PM3 da MND0 kvantur-qimiuri naxevradempiriuli meTodebiT 

gamoTvlili savalento kuTxeTa mniSvnelobebi 

naqsojinis molekulaSi 

gamoTvlis meTodi 
N valenturi kuTxe 

AM1 PM3 MNDO 

1 N(1)−C(2)−C(3) 106.618 105.597 107.868 

2 C(2)−C(3)−N(4) 109.378 108.708 108.778 

3 C(2)−N(1)−C(5) 105.360 107.935 104.608 

4 N(1)−C(2)−N(6) 126.213 127.612 123.841 

5 C(2)−N(6)−O(7) 117.887 118.994 118.454 

6 C(2)−N(6)−O(8) 119.880 119.360 119.728 

7 C(2)−N(1)−C(9) 125.371 126.590 129.378 

8 N(1)−C(9)−C(10) 116.368 114.316 115.223 

9 C(9)−C(10)−N(11) 119.475 116.011 118.980 

10 C(10)−N(11)−C(12) 116.083 113.998 119.838 

11 N(11)−C(12)−C(13) 111.970 109.573 110.549 

12 C(12)−C(13)−O(14) 111.675 112.027 113.684 

13 C(13)−O(14)−C(15) 112.214 112.762 118.391 

14 C(10)−N(11)−C(16) 115.010 112.793 119.198 

15 C(2)−C(3)−H(17) 127.076 128.675 129.894 

16 N(1)−C(5)−H(18) 122.907 125.175 123.582 

17 N(1)−C(9)−H(19) 107.546 107.558 107.344 

18 N(1)−C(9)−H(20) 108.051 109.449 110.117 

19 C(9)−C(10)−H(21) 109.782 111.927 109.730 

20 C(9)−C(10)−H(22) 104.820 108.641 105.135 

21 N(11)−C(12)−H(23) 111.959 111.610 112.149 

22 N(11)−C(12)−H(24) 108.163 108.036 109.981 

23 C(12)−C(13)−H(25) 109.994 111.660 109.087 

24 C(12)−C(13)−H(26) 110.638 111.573 109.798 

25 O(14)−C(15)−H(27) 104.476 102.644 106.654 



 

 

 

 

104 

cxrili 4 (gagrZeleba) 

gamoTvlis meTodi 
N valenturi kuTxe 

AM1 PM3 MNDO 

26 O(14)−C(15)−H(28) 109.640 109.836 110.756 

27 N(11)−C(12)−H(29) 108.175 107.878 109.917 

28 N(11)−C(12)−H(30) 111.729 110.385 112.063 

 

cxrili 5 

AM1, PM3 da MNDO meTodebiT gamoTvlili naqsojinis molekulis 

sruli energiis, eleqtronebis energiis, birTvebis ganzidvis ener-

giis, ionizaciis potencialis da Sevsebuli molekuluri orbita-

lebis mniSvnelobebi  

gamoTvlis meTodi 
N  

AM1 PM3 MNDO 

1 sruli energia, ev -3129.524 -2809.020 -3139.830 

2 eleqtronebis energia, ev -18383.493 -17763.813 -18352.040 

3 birTvebis ganzidvis energia, ev 15253.970 14954.793 15212.210 

4 ionizaciis potenciali, v 9.734 9.883 9.863 

5 
Sevsebuli molekuluri orbi-

talebis raodenoba 
44 44 44 

 

daskvnebi 

1. mTlianobaSi, Catarebulia organuli ligandis – naqsojinis 

(C9H14N4O3) molekulaTa kvantur-qimiuri gamoTvlebi; 

2. warmodgenilia naqsojinis koordinaciuli SesaZleblobebi. amas-

Tan, prognozirebulia naqsojinTan metalebis kompleqsnaerTTa 

struqturuli, Termodinamikuri da energetikuli maxasiaTeblebi. 
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КВАНТОВО-ХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ПРЕПАРАТА НАКСОДЖИН 

Нестан Брегадзе1,  Нодар Чигогидзе2,  Изольда Дидбаридзе1 

1 Кутаисский государственный университет им. Акакия Церетели, Грузия;  
2 Грузинский технический университет, Тбилиси 

РЕЗЮМЕ 

Общие энергетические, электронные и структурные данные органической лигандной 
молекулы Naxogin (Nimorazole) – C9H14N4O3 были рассчитаны с использованием квантово-
химических полуэмпирических методов: теплота образования молекулы Naxogin (∆H) 
93ю808 кдж/моль(AM1), -74.086 кдж/моль (PM3), 87.588 кдж/моль (MNDO), энергия 
электронов -18381 ЭВ (AM1), -17763, 813 ЭВ (PM3), – 18352,040 ЭВ (MNDO), энергия 
отталкивания нуклонов 15253,970 ЭВ (AM1), 14954,793 ЭВ (PM3), 15212.210 ЭВ (MNDO), 
потенциал ионизации 9.734 В(AM1), 9.883 В (PM3), 9.863 V(MNDO). Количество 
заполненных молекулярных орбиталей равно друг другу относительно всех 
вышеперечисленных случаев. Конфигурации молекул Naxogin получены квантово-
химическими полуэмпирическими методами – AM1, PM3 и MNDO. 
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QUANTUM-CHEMICAL STUDY OF THE DRUG NAXOGIN 

Nestan Bregadze1,  Nodar Chigogidze2,  Izolda Didbaridze1 
1 Akaki Tsereteli State University, Kutaisi, Georgia;  2 Georgian Technical University, Tbilisi, 
Georgia 

SUMMARY 

General energetic, electronic and structural data of organic ligand molecule Naxogin (Nimorazole) – 
C9H14N4O3 has been calculated, using quantum-chemical semiempirical methods: Heat of 
formation of Naxogin molecule (∆H) – 93.808 Kj/mol (AM1), 74.086 Kj/mol (PM3), 
87.588Kj/mol (MNDO); energy of electrons – 18381 eV(AM1), 17763,813 eV (PM3), 18352,040 
eV (MNDO); repulsion energy of nucleons 15253, 970 eV(AM1), 14954,793 eV (PM3), 
15212,210 eV (MNDO); ionization potential 9.734 V(AM1), 9.883 V (PM3), 9.863 V (MNDO). 
The amount of filled molecular orbitals are equal to each other with respect to all the above 
mentioned cases. Configurations of Naxogin molecules has been obtained by quantum-chemical 
semiempirical methods – AM1, PM3 and MNDO. 
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fsevdoproteinebi - biodegradirebadi polimerebi 

mravalmxrivi samedicino gamoyenebisTvis 

nino zavradaSvili1,  nino kupataZe1,  lika kirTaZe1,  

guram TaTaraSvili1,  manana fruiZe2,  2irine kvaWaZe2,  

nino xaraZe2,  nino xvitia2,  maia jonsoni2,  nino Ciqobava2,  

ramaz qacarava1 

1 qimiisa da molekuluri inJineriis instituti – saqarTvelos 

agraruli universiteti, Tbilisi;  2 Tbilisis saxelmwifo 

samedicino universiteti, saqarTvelo 

mimoxilva eZRvneba biodegradirebad polimerebs – fsevdoproteinebs, e.w. 

aminomJavuri biomimetikebis (proteinebis xelovnuri analogebis) umniS-

vnelovanes ojaxs, romlebic gamoirCeva dabali an nulovani imunogenu-

robiT, maRali bioTavsebadobiT da Tandayolili biologiuri aqtivobiT. 

mimoxilvaSi mokled aris ganxiluli fsevdoproteinebis gamoyeneba vasku-

laruli stentis wamlis kontrolirebadi gamoyofis safarad, polimer-

baqteriofagebis kompozitebis, wamliT datvirTuli Jelirebadi mikro-

sferoebis, Txevadi plastiris (spreis), Zvlis resorbirebadi proTezis, 

aseve wamlis matarebeli nanonawilakebis, maT Soris polieTilengli-

kolis RrubliT garSemortymuli fagocitozis mimarT mdgradi nano-

nawilakebis misaRebad. 

sakvanZo sityvebi: biodegradirebadi polimerebi, cilebis biomimetikebi, 

fsevdoproteinebi, biosamedicino gamoyeneba 

Sesavali: biodegradirebadi polimerebi 

biodegradirebadi ewodeba maRalmolekuluri naerTebis specialur 

klass, romlebic iSleba qimiuri (hidrolizi, redoqsis gaxleCa) an 

biologiuri (baqteriuli, fermentiT katalizebuli) meqanizmiT 

dabalmolekulur fragmentebad (aseT polimerebs aseve uwodeben 

rezorbirebad polimerebs). biodegradirebadi polimerebi (bp) 

SesaZloa iyos rogorc bunebrivi warmoSobis, aseve sinTezuri 

(IUPAC-is rekomendaciiT maT uwodeben xelovnurs), romlebic Zi-

riTad jaWvebSi fragmentebis SemaerTebeli rgolebis saxiT Sei-
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caven heterobmebs, rogorebicaa eTeruli, esteruli, fosfo-

esteruli, amiduri (peptiduri), Sardovanuli, ureTanuli an an-

hidriduli jgufebi. aRniSnuli heterobmebis buneba gansazRvravs 

rogorc bp-is fizikur-qimiur, biologiur da meqanikur Tvisebebs, 

aseve maTi daSlis meqanizms. dReisTvis cnobilia araerTi bp da 

maTi gamoyenebis magaliTebi medicinaSi, soflis meurneobaSi, ve-
terinariaSi, kvebis produqtebis warmoebasa da SefuTvaSi, aseve 

ekomegobruli masalebis saxiT. medicinaSi biodegradirebadi (re-

zorbirebadi) masalebi gamoiyeneba qirurgiul implantebad, aseve 

wamlebis miwodebis sistemebSi, skafoldebad qsovilur inJineriaSi 

da sxv. 

bp-is istoria mraval saukunes iTvlis. maTi erT-erTi pirveli 

samkurnalo gamoyeneba iyo ketgutis Zafi, romelic TariRdeba 

araerTi saukuniT. ketgutis Zafebi mzaddeboda cxvris nawlave-

bidan, magram dRes maT amzadeben gawmendili kolagenisgan, ro-

melsac gamoyofen saqonlis, cxvris an Txis wvrili nawlavebidan. 

amJamad, kolageni da sxva mravali cila, rogoricaa Jelatini, 

albumini, elastini, fibrini da a.S. sxvadasxva formebiT gamoiyeneba 

damwvrobis/Wrilobis samkurnalod, wamlebis mimwodebel siste-

mebSi, xelovnuri vaqcinebis Sesaqmnelad, mikrosferoebad wamlebis 

miwodebis, nanonawilakebad genis miwodebisa da sxv. bunebrivi 

warmoSobis bp-s Soris. aseve unda aRiniSnos polisaqaridebi / hia-

luronis mJavebi da baqteriuli poliesterebi (poli-β-hidroqsi-
butiratebi) (ix. [21] da iq citirebuli literatura). 

sinTezuri bp intensiurad ganviTarda gasuli saukunis 70-80-iani 

wlebidan [2, 29, 30, 37]. udidesi komerciuli interesis gamo, praq-

tikaSi dainerga sinTezuri bp-is mravali gansxvavebuli klasi, 

rogorebicaa: poliesterebi da poli(orTo esterebi), poliamidebi 

da poliureTanebi, poliesteramidebi da poliesteriureTanebi, 

polianhidridebi da α-aminomJavebis safuZvelze miRebuli sinTe-

zuri polimerebi – cilebis xelovnuri analogebi (IUPAC-is re-

komendaciiT maT uwodeben xelovnurs – artificial [39, 43]) – 

biomimetikebi [40]. 

bp-s, ganurCevlad gamoyenebis sferoebisa, axasiaTebT rigi saerTo 

maxasiaTeblebisa, rogorebicaa formamedegoba sabolood daSlis 

(biodegradaciis, anu ganwovis) unaris fonze. medicinaSi gamo-

yenebul bp-sa da maT daSlis produqtebs unda axasiaTebdeT maRali 

bioTavsebadoba, rac moicavs arakancerogenurobas, aratoqsiku-

robas, arateratogenurobas, dabal an nulovan imunogenurobas. 

mniSvnelovania, rom bp-is daSla (biodegradacia) xdebodes kon-

trolirebadi siCqariT, amasTan, sasurvelia eroziuli meqanizmiT 
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(profiliT), raTa ar moxdes maT safuZvelze miRebuli masalebis 

Tvisebebis mkveTri cvlileba eqspluataciis procesSi. es faq-

torebi mniSvnelovania, radgan bp gamoiyeneba rogorc rezorbi-

rebad (ganwovad) qirurgiul masalebad, aseve matareblebad/matriq-

sebad wamlebis miwodebis sistemebSi, sadac umniSvnelovanesia 

preparatis mdgradi/kontrolirebadi gamoTavisufleba organizmSi 

(kontrolirdeba polimeris biodegradaciis siCqariT da pro-

filiT). faqtorebi, romlebic akontroleben polimerebis degrada-

ciis siCqares, moicaven polimeris struqturas da molekulur 

masas, hidrofobiurobas da kristalurobis xarisxs. polimeris 

degradaciis siCqare damokidebulia aseve mis lokalizaciaze or-

ganizmSi, rac gansazRvravs garemos pH-s, fermentebis bunebasa da 

koncentracias, aseve wylis raodenobas (hidrolizuri meqanizmiT 

degradirebadi polimerebis SemTxvevaSi, romelTac ganekuTvneba 

praqtikaSi gamoyenebuli bp-is umetesoba). 

mniSvnelovania aRiniSnos, rom bunebrivi warmoSobis bp-ebs Soris 

biosamedicino miznebisTvis yvelaze metad gamoiyeneba cilebi. ci-

lebs axasiaTebT maRali qsoviluri Tavsebadoba organizmis 

cilebTan maTi maRali afinurobis gamo, rac dakavSirebulia 

peptidur (NH-CO) bmebTan [6]. biodaSlisas cilebi gamoaTavisuf-

leben bunebriv α-aminomJavebs, rac xels uwyobs ujredebis zrdas 

da, sabolood, qsovilebis regeneracias. amasTan, unda aRvniSnoT 

isic, rom cilebs, rogorc biomasalebs, aqvs garkveuli SezRudvebi, 

rogoricaa partiidan partiamde cvalebadoba, daavadebis gadacemis 

riski da imunogenuroba; ukanaskneli dakavSirebulia cilebis 

(proteinebis) makromolekulur arqiteqturasTan. 

cnobilia, rom α-aminomJavebs cilis makromolekulaSi aqvT e.w. 

`Tavi-kudi~ orientacia, rogorc es gamosaxulia nax. 1A (davuSvaT, 

rom α-amino jgufi aris `Tavi~, xolo α-karboqsilis jgufebi – 

`kudi~). makromolekulebis es bunebrivi (proteinuli) arqiteqtura, 

romelic Seicavs mxolod amidur (peptidur) jgufebs, advilad 

gamoicnoba organizmSi receptorebis mier, rac ganapirobebs bio-

masalis imunogenurobas. 

sinTezuri bp-ebis mTavari upiratesoba bunebrivTan SedarebiT aris 

dabali an nulovani imunogenuroba da daavadebis gadacemis riskis 

ararseboba. zemoT CamoTvlili sinTezuri (araaminomJavuri) bp-ebis 

umetesoba ar Seicavs amidur (peptidur) NH-CO bmebs, ris gamoc 

xasiaTdebian dabali qsoviluri TavsebadobiT cilebTan SedarebiT. 

garda amisa, araaminomJavuri bp biodegradaciisas ar gamoyofen 

ujredebis zrdisTvis saWiro α-aminomJavebs. aRniSnulis gaTvalis-

winebiT, biosamedicino miznebisTvis gacilebiT perspeqtiulia 
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aminomJavebis safuZvelze miRebuli polimerebi – proteinebis xe-

lovnuri analogebi (biomimetikebi), romlebic Seicavs NH-CO bmebs 

da biodegradaciis Sedegad gamoyofen α-aminomJavebs. es polimerebi 

SeiZleba Seiqmnas ise, rom hqondeT araproteinuli molekuluri 

arqiteqtura (nax. 1B), naklebad deteqtirebadi organizmis imunuri 

sistemis mier. amidur an mis msgavs NH-CO bmebTan erTad bio-

mimetikebi SeiZleba Seicavdnen damatebiT heterokavSirebs, ro-

goricaa esteruli, eTeruli, Sardovanuli, ureTanuli bmebi, rac 

kidev ufro amcirebs maT aRqmas organizmis imunuri sistemis mier, 

amasTan mniSvnelovnad afarToebs biomasalebis TvisebaTa speqtrs. 

gasuli saukunis 70-80-iani wlebidan potenciuri biomasalebis saxiT 

SemuSavebulia biomimetikebis oTxi ZiriTadi ojaxi: poliaminomJa-

vebi, fsevdo-poliaminomJavebi, polidefsipeptidebi da fesvdo-

proteinebi. pirveli sami ojaxidan poliaminomJavebis umetesobas, 

romlebic makromolekuluri arqiteqturiT proteinebis msgavsia, ar 

aRmoaCndaT sasurveli Tvisebebi biomasalebad maTi gamoyenebisTvis. 

fsevdo-poliaminomJavebis mxolod mcire nawili aris misaRebi maTi 

gamoyenebisTvis biosamedicino masalebad. polidefsipeptidebs (po-

liesteramidebs α-amino da α-oqsimJavebis safuZvelze) aqvT mniS-

vnelovani samasale Tvisebebi, magram maTi sinTezi sakmaod rTulia 

da ZviradRirebuli. am sami ojaxis biomimetikis dadebiTi da 

uaryofiTi Tvisebebi gaanalizebulia mimoxilviT statiebSi [15, 16, 

21, 40] da winamdebare statia miznad ar isaxavs maT detalur 

analizs. miRebis martivi da ekomegobruli teqnologiis, fasisa da 

TvisebaTa praqtikulad SeuzRudavi speqtris gaTvaliswinebiT, 

biomimetikebis gacilebiT perspeqtiuli ojaxia fsevdoproteinebi*, 

romlebic statiis SezRuduli moculobis gaTvaliswinebiT, mok-

led aris ganxiluli qvemoT. 

fsevdoproteinebi (fp) 

fp warmoadgenen biomimetikebis did da perspeqtiul ojaxs, 

gankuTvnils uaRresad farTo biosamedicino gamoyenebisTvis, ra-

meTu dabali an nulovani imunogenurobis fonze es polimerebi 

gamoirCevian maRali bioTavsebadobiT (rogorc TviT polimerebi, 

aseve maTi daSlis produqtebi). fp-is maRali bioTavsebadoba gan-

pirobebulia maTi konstruirebisTvis (sinTezisTvis) gamoyenebuli 

saSeni blokebiT – fiziologiuri bunebis α-aminomJavebiT da 

                                                 
* saxelwodeba fsevdoproteinebi (fp) SemoTavazebulia Cven mier, raTa 

ganvasxvavoT am ojaxis polimerebi zemoT naxsenebi sami ojaxis biomime-

tikebisgan 
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aratoqsikuri nivTierebebiT, rogorebicaa alifaturi diolebi da 

organuli dimJavebi. 

Rirebuli samasale Tvisebebis mqone fp-ebis pirveli warmomadgen-

lebia Cven mier 1994 wels gamoqveynebuli poliesteramidis klasis 

polimerebi [1]. mogvianebiT miviReT aseve danarCeni ori klasis fp – 

poliesterSardovanebi [13, 19] da poliesterureTanebi [13]. 

fp-ebis erT-erTi mTavari upiratesoba, aminomJavuri biomimetikebis 

danarCen ojaxebTan SedarebiT, mdgomareobs sakvanZo bis-nukleo-

filur monomerebSi – α,α'-diamino diesterebSi, romlebic miiReba 

stabiluri di-p-toluolsulfomJavas (TosOH) marilebis saxiT – 

TDADE (nax. 2). 

mniSvnelovania, rom TDADE monomerebi miiReba maRali gamosavlia-

nobiT (90-95%-mde) ukiduresad martivi da ekonomiuri proceduris 

saSualebiT – ori moli α-aminomJavis pirdapiri Termuli konden-

saciiT erT mol diolTan mduRare organul gamxsnelSi (benzoli, 

toluoli an cikloheqsani) ori moli TosOH-is TandaswrebiT 

romelic, erTi mxriv, icavs amino-jgufebs arasasurveli Tanamdevi 

reaqciebisgan, meore mxriv ki, asrulebs Termuli kondensaciis reaq-

ciis katalizatoris rols [15, 16, 21, 40, 43]. 

TDADE-monomerebis damatebiTi Rirsebebia: gasufTaveba uiafesi 

gamxsnelidan – wylidan gadakristalebiT, stabiluroba Senaxvisas, 

ganapira amino-jgufebis maRali reaqciisunarianoba, rac uzrunvel-

yofs maRalmolekuluri fp-is sinTezs, aminomJavebis araprotei-

nuli `Tavi-Tavi~ orientacia da hidrolizebadi esteruli bmebis 

CarTva sinTezis monomerul etapze, rac uzrunvelyofs miznobrivi 

fp-is biodegradaciis unars. TDADE aris universaluri bis-nukleo-

filuri monomeri, romelic sxvadasxva klasebis bis-eleqtro-

filebTan urTierTqmedebis Sedegad iZleva sami ZiriTadi klasis 

fp-s – poliesteramidebs, poliesteriSardovanebs da poliesterure-

Tanebs. fp-s misaRebad gamoyenebuli bis-eleqtrofilebi da sin-

Tezis meTodebi dawvrilebiT aris ganxiluli Cvens adrindel 

publikaciebSis [15, 16, 40, 43]. 

mravali eqsperimentis Sedegad dadginda, rom nedleulis xel-

misawvdomobis da fasis, polimerebis Tvisebebis farTo zRvrebSi 

varirebis gaTvaliswinebiT, fp-is perspeqtuli klasebia polieste-

ramidebi da poliester-Sardovanebi, aseve maTi Tanapolimerebi. α-
aminomJavebidan yvela parametris gaTvaliswinebiT (fasi, miRebuli 

fp-is biologiuri da fizikur-qimiuri Tvisebebi da sxv.), sauke-

Tesod miCneulia L-leicini, diolebidan – 1,6-heqsameTilendioli, 
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xolo dimJavebidan – sebacinis mJava (poliesteramidebi) da nax-

SirmJava (poliesterSardovanebi). 

fp-is Tvisebebi da gamoyeneba 

fp gverdiTi funqciuri jgufebis gareSe. aseTi `ufunqcio~ fp-ebi 

gamoviyeneT matriqsad polimer-faguri biokompozituri preparat 

`fagobiodermis~ misaRebad [14]. `fagobiodermi~ mzaddeboda firis 

(e.w. xelovnuri kanis) saxiT, romelic perforirebulia eqsudatis 

evakuaciis mizniT (nax. 3). 

`fagobioderms~, romelic Seicavda xuTi baqteriofagis koqteils, 

aRmoaCnda maRali efeqturoba nawolebis da trofikuli wylulebis 

mkurnalobisas [27]. efeqturi aRmoCnda `fagobiodermi~ aseve radia-

ciuli damwvrobis winare mkurnalobisTvis, dazianebuli Wrilobis 

mosamzadeblad kanis Semdgomi transplantaciisTvis [7]. matriqsad 

`fagobiodermis~ misaRebad gamoviyeneT narevi aminomJavebis L-lei-

cinis da L-fenilalaninis safuZvelze miRebuli poliesteramidis 

klasis ori homopolimeruli fp-isa. 

L-fenilalaninis polimeri gamoviyeneT matriqsis fizikur-

meqanikuri maxasiaTeblebis gasaumjobeseblad. mogvianebiT, imis 

gaTvaliswinebiT, rom fenilalaninis warmoebulebi miuRebelia 

fenilketonuriiT daavadebuli pacientebisTvis, matriqsad 

gamoviyeneT Tanapolimeri – poli (esteramid-Tana-esterSardovana) 

mxolod L-leicinis safuZvelze, romlis sasurveli fizikur-

meqanikuri maxasiaTeblebi miiRweoda SedarebiT xisti 

esterSardovanuli fragmentebis xarjze. aRniSnuli 

Tanapolimeruli matriqsis gamoyenebiT miRebulia polimer-faguri 

biokompozitebis modificirebuli versiebi – rogorc mikro-

sferoebis Jelirebadi suspenziis (spreis), aseve afskebis saxiT (nax. 

4) [17, 18, 33-36]. sprei moxerxebulia sxeulis zedapiruli dazianebis 

ukontaqto dafarvisTvis, xolo afskebis gamoyeneba umjobesia 

sveli (uxvi eqsudatiT) Wrilobebis SemTxvevaSi. 

teqnologia Seisyida aSS kompaniam Precisio Biotix Therapeutics (yofili 

Phagelux) (http://www.precisiobiotix.com/). amJamad, Precisio Biotix-is prepara-

tebi BactelideTM, romlebic Seicaven ToTxmeti baqteriofagis koq-

teils, aSS-Si klinikur gamocdebs gadian. 

`ufunqcio~ poliesteramidis klasis Tanapolimeruli, elastome-

ruli fp-ebi [3] warmatebuli winaklinikuri gamocdebis Semdeg 

(Rorebze) [25] klinikaSi wamlis gamomyofi vaskularuli stentis 

safarad dainerga (nax. 5) – SLENDER IDS Sirolimus-eluting coronary stent [38]. 
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sxvadasxva klasebis fp-ebi warmatebiT gamoviyeneT eleqtrodarTuli 

nano- da mikroboWkoebis misaRebad, nax. 6). boWkoebi davtvirTeT 

sxvadasxva baqtericidebiT, maT Soris qlorheqsidiniT da baqte-

riofagebiT [4, 5]. aseTi boWkoebi, `fagobiodermis~ da BactelideTM-is 
msgavsad, perspeqtulia zedapiruli inficirebuli Wrilobebis da 

damwvrobis samkurnalod. amasTan, meTodi aris nazi (damzogi), ra-

meTu boWkoebis datana dazianebul zedapirze SesaZlebelia eleq-

trospiningiT, WrilobasTan kontaqtis gareSe. 

wamlis gadamtani nanonawilakebis misaRebad warmatebiT gamoviyeneT 

fp-ebi [11]. naCvenebia, rom nanonawilakebi gadian okularul barie-

rebs da perspeqtiulia wamlebis intraokularuli administrire-

bisTvis mtkivneuli ineqciis gareSe [45]. Seswavlilia nanona-

wilakebis datvirTva konkretuli wamliT – deqsameTazoniT [10]; 

saWiroa miRebuli preparatis gamocda Catardes eqsperimentSi in vivo. 

fp-ebis safuZvelze miRebuli mikrosferoebi, msgavsad baqteriofa-

gebisa (ix. zemoT), davtvirTeT aseve triqomoniazis samkurnalo 

preparat metronidazoliT [9]. amgvari mikrosferoebis Jelirebadi 

suspenzia (nax. 7) perspeqtiulia intravaginaluri administraciis-

Tvis. es uzrunvelyofs, erTi mxriv, vaginaluri sivrcis srul da 

efeqtur Sevsebas da masSi preparatis fiqsirebas, amasTan wamlis 

(metronidazolis) prolongirebul lokalur miwodebas, meore mxriv 

ki, dazianebuli qsovilebis daCqarebul regeneracias, rac ganpi-

robebulia leicinis safuZvelze sinTezirebuli fp-is maRali 

biologiuri aqtivobiT (ix. qvemoT). 

fp-is unikaluri biologiuri aqtivoba dadgenilia cota xnis win 

maTi ujredul kulturebTan urTierTqmedebis sistematuri kvleviT 

[22, 23]. Seswavlilia sami fp: poliesterSardovana leicinis da 

heqsandiolis safuZvelze (1L6), poliesteramidi sebacinis mJavas, 

leicinis da heqsandiolis safuZvelze (8L6) da maTi Tanapolimeri 

0.7:0.3 moluri TanafardobiT (1L6)0.7n (8L6)0.3n . kvlevebma aCvena, rom 

samive fp aqtiurad uwyobs xels ujredebis zrdas da, Sesabamisad, 

qsovilis regeneracias, amasTan, saukeTeso am sami polimeridan aR-

moCnda Tanapolimeri (1L6)0.7n (8L6)0.3n . sagulisxmoa, rom Tanapolimerma 

optimaluri citokinuri profili aCvena: Tavdapirvelad, anTebiTi 

fazis dros, proanTebiTi TNF-α-s sekrecia, rasac mohyveba IL-6-is ga-
moyofa proliferaciuli fazis ganmavlobaSi da anTebis sawinaaRm-

dego IL-10-is donis mniSvnelovani momateba remodelirebis dros. 

citokinebis es dabalansebuli pasuxi saSualebas gvaZlevs viva-

raudoT, rom Tanapolimeruli firi ara mxolod aCqarebs Wrilobis 

daxurvas, aramed aseve xels uwyobs kargad regulirebul Sexorcebis 
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process, potenciurad amcirebs fibrozs da nawiburebis anomalur 

warmoqmnas, rac xazs usvams Tanapolimeruli LPP-is rogorc Wri-

lobis Sexorcebis xelSemwyobi mowinave masalis maRal potencials. 

es Tanapolimeri warmatebiT gamoiyeneba Txieri plastiris (spreis) 

`salbas~ dasamzadeblad (nax. 8), romelic gamoirCeva Wrilobis Se-

xorcebis uaRresad maRali potencialiT – efeqturad axorcebs 

zedapirul damwvrobebs (maT Soris, mziT damwvrobas), Wrilobebs, 

wylulebs da sxva zedapirul dazianebebs, maT Soris, postope-

raciul Wrilobebs. sprei `salba~ moxerxebulia xmarebaSi, gan-

sakuTrebiT rTuli topologiis Wrilobebis dasafarad da 

samkurnalod, magaliTad, girCismagvar cxvirze operaciisSemdgomi 

SexorcebisTvis (nax. 8). 

am qveTavis dasasruls mniSvnelovania aRvniSnoT, rom poli-

esterSardovanuli klasis fp-s biodegradirebad polimerebs Soris 

rekorduli simtkice aRmoaCndaT (nax. 10) [31, 32]. am polimerebis 

miRebis teqnologia gadaeca akronis universitets, romelic ukve 10 

welze metia aRniSnul masalebs danergvis mizniT kompleqsurad 

swavlobs klinikaSi. 

fp gverdiTi funqciuri jgufebiT (funqciuri fb). funqciuri fp-s 

miRebis meTodebi detalurad aris ganxiluri mimoxilviT statiaSi 

[42]. funqciuri fp-is pirveli warmomadgenlebia gverdiTi (late-

raluri) karboqsilis jgufis poliesteramidebi [8]. polimerSi 

karboqsilis jgufis Sesayvanad Tanamonomerad gamoviyeneT ami-

nomJava L-lizinis benzilis esteris di-p-toluolsulfonati. miRe-

bul Sualedur polimerSi gverdiTi benzilis jgufebis katali-

zuri hidrogenoliziT miRebulia poliesteramidebi lateraluri 

karboqsilis jgufiT (polimJavebi) (nax. 11). 

Tavdapirvelad polimJavebis gamoyeneba igegmeboda polimer-matareb-

lebad karboqsilis jgufebTan wamlebis kovalenturi SekavSirebisa 

da aseTi koniugatebis vaskularuli stentis safarad 

gamoyenebisTvis. mogvianebiT, sxvadasxva mizezTa gamo, wamlebis 

polimer-matareblebTan kovalenturad SekavSirebaze uari iTqva da 

upiratesoba mieniWa polimer-wamlebis narevebs, romelic 

gamoyenebulia stentis safarad [38]. 

mniSvnelovani kationuri fp-ia miRebuli aminomJava L-argininis 
safuZvelze (nax. 12). 

aRniSnulma kationurma polimerebma [28], argininis polipeptidebis-

gan gansxvavebiT, gamoamJRavnes uaRresad dabali citotoqsikuroba, 
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ris gamoc isini perspeqtiulia genur inJineriaSi transfeqciis 

agentebad. dadgenilia dRemde ucnobi faqti axali gen-matareblebis 

seleqciuri transfeqculi aqtivobisa sxvadasxva ujredebis mimarT 

[44]. polikationebis es seleqciuri aqtivoba uaRresad perspeqtiu-

lia genur inJineriaSi gamoyenebisaTvis. axalma kationurma poli-

merebma gamoamJRavnes saintereso, argininis polipeptidebis msgavsi 

acetilqolinis receptorebis mainhibirebeli fiziologiuri 

aqtivoba [24]. kationuri fp amJRavneben aseve sakmaod maRal baqte-

ricidul aqtivobas [20]. 

sinTezirebulia [41] originaluri struqturis, reaqciisunariani 

epoqsi-fp-ebi (nax. 13). epoqsi jgufebTan SesaZlebelia sxvadasxva 

bunebis biopreparatebis mierTeba. 

epoqsi-jgufebi warmatebiT gamoviyeneT fp-Tan funqcionalizebuli 

polieTilenglikolis (peg) – amino-peg-is koniugaciisTvis [12], ris 

Sedegad wyalSi uxsnari fp transformirda wyalSi xsnad am-

fifilur polimerad, romelic warmoqmnis micelebs, aseve asta-

bilirebs monaTesave aRnagobis fp-inul nanonawilakebs, uzrunvel-

yofs ra maT amavdroulad imunuri sistemebisgan damcavi peg-

RrubliT (`qurqiT~). 

amfifilur fp-is misaRebad ufro racionaluri da iafi aRmoCnda 

funqcionalizebuli Tiol-peg-is (mol. masiT 3400 Da) mierTeba 

gaaqtivebuli ormagi bmebis Semcveli fp-ebTan (nax. 14) mixaelis 

reaqciiT [26]. 

amfifiluri fp-is dizaini xdeboda ise, rom xdeboda Tanapolimeris 

50 molur %-Tan Tiol-peg-is mierTeba makromolekulis hidro-

filurobis uzrunvelsayofad, xolo meore 50 moluri % war-

moadgens 8L6 struqturis poliesteramids (nax. 15), romelic asru-

lebs damagrebis blokis (anchoring group) funqcias afinurobis 

xarjze imave 8L6 struqturis nanonawilakebis zedapirTan mtkiced 

SesakavSireblad. 

Sedegad, nanonawilakis garSemo warmoiqmneba peg-is hidrofiluri 

Rrubeli, romelic xels uSlis nawilakis zedapirze ofsoninebis 

adsorbcias da maT fagocitozisgan icavs. 

cota xnis winaT kataloniis teqnikur universitetTan erToblivi 

kvlevebiT dadginda nanonawilakis garSemo damcveli peg-Rrublis 

warmoqmna (nax. 16), rac dadasturda aseve sinqrotronis gamosxi-

vebaze dafuZnebuli infrawiTeli mikrospeqtroskopiiT [26]. 
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suraTebi 

 
nax. 1. α-aminomJavebis SesaZlo orientacia makromolekulaSi: A – 

orientacia `Tavi-kudi~ (proteinuli arqiteqtura), B – sxva tipis orien-
tacia (araproteinuli arqiteqtura) 

 
nax. 2. fp-ebis sinTezis sakvanZo bis-nukleofiluri TDADE monomeri 

 

nax. 3. `fagobiodermis~ perforirebuli 

firi (xelovnuri kani) 

nax. 4. polimer-faguri 

preparati BactelideTM –
Jelirebadi sprei (mar-

cxniv) da afskebi (mar-

jvniv) 
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nax. 5. vaskularuli stenti: zemoT – Cveulebrivi stenti, qvemoT – fp-iT 

dafaruli SLENDER IDS Sirolimus-eluting stenti 

 

nax. 6. baqteriofagebiT impregnirebuli fp-is nanoboWkoebi 

 

nax. 7. metronidazoliT datvirTuli fp-ebis 

mikrosferoebis Jelirebadi suspenzia 

   
nax. 8. fp-is spirtxsnari da Txieri plastiri `salba~ (www.salba.ge). 
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operaciisSemdgom 1-li dRe – dafarva 

`salbiT~ 

6 dRis Semdeg – sruli 

Sexorceba 

nax. 9. mkurnaloba `salbiT” girCismagvar cxvirze operaciisSemdgom 

 

maqs. datvirTva 1.1 ± 0.2·103 N 
barZayis Zvali 2-5·103 N 
ZaRlis metakarpali 0.6·103 N 

nax. 10. poliesterSardo-

vanuli klasis fp-is me-

qanikuri maxasiaTeblebi 
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nax. 11. poliesteramidebi lateraluri karboqsilis jgufiT (moniSnulia) 

H
N

O
D

O

H
NA

OO

O
n

O

HN

H2N
NH HOTos

HN

H2N
NH HOTos

 
nax. 12. kationuri fp argininis safuZvelze. argininis kationuri jgufebi 

moniSnulia 
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nax. 13. epoqsi-jgufebis (moniSnulia) Semcveli fp-ebi 

nax. 14. gaaqtivebuli ormagi bmebis (moniSnulia) Semcveli fp 

  

nax. 15. amfifiluri fp-is (poliesteramidis) struqtura 

 

16. nanonawilaki peg-RrubliT (TEM mikrofoto) 

 
 

damagrebis bloki

hidrofiluri bloki



 

 

 

 

120 

literatura 

1. Arabuli N., Tsitlanadze G., Edilashvili L., Kharadze D., Goguadze Ts., Beridze V., 
Gomurashvili Z., Katsarava R. Macromol. Chem. Phys., 1994, 195, 2279-2289. 

2. Chandra R. Prog. Polym. Sci., 1998, 23, 1273-1335. 
3. Chu C.C., Katsarava R. U.S. Patents: 6,503,538 (2003), 7,304,122 (2007), 408,018 (2008). 
4. del Valle L.J., Franco, L. Katsarava R., Puiggalí J.. AIMS Molecular Science, 2016, 3(1), 52-87. 
5. Díaz A., del Valle L.J, Rodrigo N., Casas M.T., Chumburidze G., Katsarava R., Puiggali J. 

Fibers, 2018, 6, 33, 1-19. doi:10.3390/fib6020033 
6. Jacoby M. Chem. Eng. News, 2001, 79, 30-35. 
7. Jikia D., Chkhaidze N., Imedashvili E., Mgaloblishvili I., Tsitlanadze G., Katsarava R., 

Morris J.G.Jr., Sulakvelidze A. Clinical and Experimental Dermatology, 2005, 30, 23-26. 
8. Jokhadze G., Machaidze M., Panosyan H., Chu C.C., Katsarava R. J. Biomater. Sci. Polym. 

Ed., 2007, 18(4), 411-438. 
9. Kantaria Tem., Baduashvili L., Tugushi D., Katsarava R. Bull. Georgian Nat. Acad. Sci., 

2021, 15 (1), 76-82. 
10. Kantaria Tem., Kantaria Teng., Heiduschka P., Eter N., Tugushi D., Katsarava R. J. 

Nanotechnology, 2023. doi.org/10.1155/2023/8827248 
11. Kantaria Tem., Kantaria Teng., Kobauri S., Ksovreli M., Kachlishvili T., Kulikova N., 

Tugushi D., Katsarava R. Appl. Sci., 2016, 6, 444; doi:10.3390/app6120444 
12. Kantaria Tem., Kantaria Teng., Zavradashvili N., Makharadze D., Tugushi D., Katsarava R. 

Bull. Georgian Nat. Acad. Sci, 2024, 18(1), 61-69. 
13. Kartvelishvili T., Tsitlanadze G., Edilashvili L.,.Japaridze N, Katsarava R. Macromol. Chem. 

Phys., 1997, 198, 1921-1932. 
14. Katsarava R., Alavidze Z. U.S. Patent # 6703040 (2004). 
15. Katsarava R., Gomurashvili Z. Biodegradable Polymers Composed of Naturally Occurring α-

Amino Acids. Handbook of Biodegradable Polymers – Isolation, Synthesis, Characterization, 
and Applications, Lendlein, A. and Sisson, A., Eds., Wiley-VCH, Verlag GmbH & Co. 
KGaA. Ch. 5, 107-131 (2011). 

16. Katsarava R., Kantaria Ten., Kobauri S. J. Mater. Educ., 2021, 43 (1-2), 33-80. 
17. Katsarava R., Tugushi D., Beridze V., Tawil N. Chine se Patent 201680047225X (2021). 
18. Katsarava R., Tugushi D., Beridze V., Tawil N. U.S. Patent No. 10.772.964 (2020). 
19. Katsarava R., Tugushi D., Gomurashvili Z. Poly(ester urea) Polymers and Methods of Use. 

U.S. Patent No. 8,765,164. 
20. Kharadze D., Memanishvili T., Mamulashvili K., Omiadze T., Kirmelashvili1 L., Lomtatidze Z., 

Katsarava R. J. Chem. Chem. Eng. 2015, 9, 524-532. 
21. Kobauri S., Kantaria Tem., Kupatadze N., Kutsiava N., Tugushi D., Katsarava R. Nano 

Technology & Nano Science Journal, 2019,1(1), 37-42. 
22. Ksovreli M., Kachlishvili T., Mtiulishvili T., Dzmanashvili G., Batsatsashvili T., Zurabiani K., 

Tughushi D., Kantaria T., Nadaraia L., Rusishvili L., Piot O., Terryn C., Tchelidze P., 
Katsarava R., Kulikova N. Polymers, 2023, 15, 3328. DOI.org/10.3390/polym151533. 

23. Ksovreli M., Kachlishvili T., Skhvitaridze M., Nadaraia L., Goliadze R., Kamashidze L., 
Zurabiani K., Batsatsashvili T., Kvachantiradze N., Gverdtsiteli M., Kantaria T., Piot O., 
Courageot M.-P., Terryn C., Tchelidze P., Katsarava R., Kulikova N. Int. J. Mol. Sci., 2024, 
25, 9641. doi.org/10.3390/ijms25179641 

24. Lebedev D.S., Kryukova E.V., Ivanov I.A., Egorova N V., Timofeev N D., Spirova E N., 
Tufanova E .Yu., Kudryavtsev D.S., Kasheverov I.E., Zouridakis M., Katsarava R., 
Zavradashvili N., Iagorashvili I., Tzartos S.J., Tsetlin V.I. Molec. Pharmacol. 2019, 
September 6, DOI: 10.1124/mol.119.117713. 



 

 

 

 

121 

25. Lee S.H., Szinai I., Carpenter K., Katsarava R., Jokhadze G., Chu C.C., Huang Y., Verbeken E., 
Bramwell O., De Scheerder I., Hong M.K. Coronary Artery Disease, 2002, 13(4), 237-241. 

26. Makharadze D., del Valle L., Yousef I., Kantaria Tem., Katsarava R., Puiggalí J. Int. J. Mol. 
Sci., 2024, 25, 6999. doi.org/10.3390/ijms25136999. 

27. Markoishvili K., Tsitlanadze G., Katsarava R., Morris J.G., Sulakvelidze A. Intern. J. 
Dermatology , 2002, 41, 453-458. 

28. Memanishvili T., Zavradashvili N., Kupatadze N., Tugushi D., Gverdtsiteli M., Torchilin V.P., 
Wandrey C., Baldi L., Manoli S.S., Katsarava R. Biomacromolecules, 2014, 15, 2839-2848. 

29. Nair L.S., Laurencin C.T. Progr. Polym. Sci., 2007, 32, 762-798. 
30. Okada M. Chemical Synthesis of Biodegradable Polymers, Progr. Polym. Sci., 2002, 27, 87-133. 
31. Policastro G., Lin F., Becker M., Stakleff K.S., Esterle A., Harris F., Katsarava R., Weiner B.K, 

Tasciotti E. 249th ACS National Meeting & Exposition, Denver, CO, USA, March 22-26, 2015, 93, 45. 
32. Stakleff K.S., Lin F., Smith Callahan L.A., Wade M.B., Esterle A., Miller J., Becker M.L. Acta 

Biomater., 2013, 9, 5132. 
33. Tawil N., Arnold E.C.R., Katsarava R., Tugushi D., Beridze V. U.S. Patent No. 11.413.319 (2022). 
34. Tawil N., Arnold E.C.R., Katsarava R., Tugushi D., Beridze V. U.S. Patent No. 11.564.894 (2023). 
35. Tawil N., Arnold E.C.R., Katsarava R., Tugushi D., Beridze V. U.S. Patent No. 10.849.944 (2020). 
36. Tawil N., Katsarava R., Tugushi D., Beridze V. U.S. Patent No. 11,684,587 (2023). 
37. Vaverková M.D., Adamcová D. J. Ecol. Eng., 2015, 16(3), 155-160. 
38. Verheye S. Expert Review of Medical Devices, 2017, 14(9), 669-683. 
39. Vert M., Doi Y., Hellwich K.H. et al. Pure Appl. Chem., 2012, 84(2): 377-410. 
40. Yousefzade O., Katsarava R., Puiggalí J. Biomimetic Hybrid Systems for Tissue Engineering. 

Biomimetics 5 (2020) 49; 
41. Zavradashvili N., Jokhadze G., Gverdtsiteli M., Otinashvili G., Kupatadze N., Gomurashvili Z., 

Tugushi D., Katsarava R. J. Macromol. Sci., Part A, Pure & Appl. Chem., 2013, 50(5), 449-
465. 

42. Zavradashvili N., Kobauri S., Puiggali J., Katsarava R. Book chapter. In: “Functionalized 
Polymers: Synthesis, Characterization and Applications”, edited by the Dr. N.S.Chauhan, 
CRC press (Taylor and Francis) USA (2021). 

43. Zavradashvili N., Puiggali J., Katsarava R. Current Pharm.Design, 2020, 26 (5), 566-593. 
44. Zavradashvili N., Sarisozen C., Titvinidze G., Kantaria Teng., Tugushi D., Puiggali J., 

Torchilin V.P., Katsarava R. ACS Omega, 2019, 2090-2101. 
45. Zhang W., Kantaria T., Zhang Y., Kantaria T., Kobauri S., Tugushi D., Brücher V., Katsarava R., 

Eter N., Heiduschka P. J. Ocular Pharmacol. Therap. 2020, 36(6), 1-12. 



 

 

 

 

122 

ПСЕВДОПРОТЕИНЫ – БИОДЕГРАДИРУЕМЫЕ ПОЛИМЕРЫ 
ДЛЯ РАЗНОСТОРОННЕГО МЕДИЦИНСКОГО ПРИМЕНЕНИЯ 

Нино Заврадашвили1,  Нино Купатадзе1,  Лика Киртадзе1,  
Гурам Татарашвили1,  Манана Пруидзе2,  Ирине Квачадзе2,  Нино Харадзе2,  
Нино Хвития2,  Майя Джонсон2,  Нино Чикобава2,  Рамаз Кацарава1 
1 Институт химии и молекулярной инженерии – Аграрный университет Грузии, 
Тбилиси;  2 Тбилисский государственный медицинский университет, Грузия 

РЕЗЮМЕ 

Обзор посвящен биодеградируемым полимерам – псевдобелкам, важнейшему семейству так 
называемых аминокислотных биомиметиков (искусственных аналогов белков), которые 
отличаются низкой или нулевой иммуногенностью, высокой биосовместимостью и 
присущей им биологической активностью. В обзоре кратко обсуждается использование 
псевдопротеинов в качестве покрытия сосудистых стентов контролируемо высвобождаю-
щих лекарств, подавляющее развитие рестеноза, для получения полимер-бактериофаговых 
композитов, гелеобразующих микросфер, нагруженных лекарством, жидкого пластыря 
(спрея), резорбируемых протезов костной ткани, а также для фабрикования наночастиц, 
содержащих лекарственные средства, включая устойчивые к фагоцитозу наночастицы, 
покрытые полиэтиленгликолевым облаком. 

PSEUDOPROTEINS – BIODEGRADABLE POLYMERS 
FOR VERSATILE MEDICAL APPLICATION 

Nino Zavradashvili1,  Nino Kupatadze1,  Lika Kirtadze1,  Guram Tatarashvili1,  
Manana Pruidze2,  Irine Kvachadze2,  Nino Kharadze2,  Nino Khvitia2,  
Maya Jonson2,  Nino Chikobava2,  Ramaz Katsarava1 
1 The Institute of Chemistry and Molecular Engineering – Georgian Agrarian University, 
Tbilisi;  2 Tbilisi State Medical University, Georgia 

SUMMARY 

The review is devoted to biodegradable polymers – pseudo-proteins, the most important family of 
the so-called amino acid based biomimetics (artificial analogues of proteins), which are 
characterized by low or zero immunogenicity, high biocompatibility and inherent biological 
activity. The review briefly discusses the use of pseudo-proteins as a coating for vascular stent that 
controllably releases a drug that suppresses restenosis, for the production of polymer-
bacteriophage composites, gel-forming microspheres loaded with a drug, liquid plaster (spray), 
resorbable bone-tissue prostheses, as well as for the fabrication of drug-containing nanoparticles, 
including coated with polyethylene glycol-cloud nanoparticles that are resistant to phagocytosis. 
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CHARACTERISTICS OF SOURCES OF EVOKED CORTICAL 
ACTIVITY IN LEFT- AND RIGHT-HANDED INDIVIDUALS 
DURING CLASSIFYING STIMULI RELATED TO 
THE SHAPE AND POSITION OF AN OBJECT 

Tatiana Kachynska1,  Zurab Sakvarelidze2,  Natela Sakvarelidze2,  Elene Sakvarelidze3,  
Irma Khachidze4,5 

1 Lesya Ukrainka Volyn National University, Human and Animal Physiology 
Department, Ukraine;  2 Tbilisi State Medical University, Georgia;  3 Iv. Javakhishvili 
Tbilisi State University, Georgia;  4 Iv. Beritashvili Center for Experimental Bio-
medicine, Tbilisi, Georgia;  5 SEU, Tbilisi, Georgia 

The aim of the study was to investigate the peculiarities of the sources of evoked cortical 
activity and their localization in left- and right-handed individuals during the classification 
of stimuli related to the location and shape of an object. The study involved 33 male subjects 
aged 18-20 years, who were divided into two groups – left-handed (14 people) and right-
handed (19 people). The subjects with the left type of sensorimotor asymmetry, regardless of 
the experimental situation, the most typical sources of electrical activity were recorded 
mainly in the posterior associative areas of the left hemisphere. In right-handed people, the 
location of dipoles in the two experimental situations is less uniform. Thus, during the first 
test, the most stationary dipoles were recorded in the left hemisphere, and during the second 
test – in the right hemisphere. 

Key words: evoked potentials, right-handed people, left-handed people, source of electrical 
activity, dipole 

The human visual system is able to effectively record patterns of light intensity reflected 
from various objects (objects, creatures, etc.) and obtain biologically relevant information 
from them. Further processing of this information results in the formation of an internal 
representation of objects of the external world in the brain, on the basis of which an 
adequate behavior is carried out. The primary stages of information processing are based 
on the principle of detecting significant features of the image, which are subsequently 
encoded by the activity of single neurons – detectors of the visual cortex and their 
functional ensembles [4]. 

There are two information processing systems in the visual analyzer: “What?” and 
“Where?”. The “What?” system recognizes an object. The signals in the “What?” system 



 

 

 

 

124 

originate from retinal ganglion cells of type X and reach the inferior parietal cortex, 
where the object's features are integrated. The different features of an object are 
processed in parallel in different zones. In VI the detectors are localized that are sensitive 
to different orientation of lines and their length. In V3 the neurons respond to the shape of 
an object and its more complex elements than in VI. Constant color detectors are 
localized in area V4. Neurons of the V5 cortex selectively respond to different directions 
and speeds of object movement [1]. 

The “Where?” system determines the localization of an object in the external visual field. 
It originates from retinal ganglion cells of type Y and reaches the parietal cortex. In the 
neurons of the parietal cortex, receptive fields are represented by visual field areas [1]. 

Thus, the process of information processing has many stages: it begins at the level of 
receptors and ends in the secondary and tertiary projection areas of the cortex. In right-
handed people, the final processing of visual information in the first system occurs in the 
inferior temporal cortex, and in the second – in the parietal cortex. The specificity of the 
organization of nerve centers in the cerebral cortex in left-handed people, compared to 
right-handed people, suggests differences in the implementation of not only motor but 
also perceptual functions. In our opinion, these differences should be noticeably manifes-
ted in the visual assessment of the location and shape of an object [3]. The activity of specific 
areas in the brain structures is of particular interest, associated with the realization of these 
functions and their peculiarities in individuals with left and right manual asymmetry. 

One of the most adequate methods for studying the dynamics of brain activation during 
visual perception is the localization of the sources of ERP. This technique is based on 
solving the inverse problem of electrostatics: according to the data of multichannel re-
cording of brain biopotentials, a three-dimensional position, power and vector of dipoles 
that create a distribution of potentials on the human scalp that best coincide with the 
experimental ones [8]. Thus, the purpose of the study is to investigate the peculiarities of 
the sources of evoked cortical activity and their localization in left- and right-handed in-
dividuals during the classification of stimuli related to the localization and shape of an 
object. 

MATERIAL AND METHODS 

We studied the sources of evoked activity in left- and right-handed subjects based on the 
ICA-analysis of event-related potentials under adequate perceptual load. The study 
involved 33 male subjects aged 18-20 years, who were divided into two groups – left-
handed (14 people) and right-handed (19 people) – according to the results of a set of 
tests that determined the profile of sensorimotor asymmetry [2]. The study was conducted 
in accordance with generally accepted bioethical standards, following relevant 
international regulations on experimental work and clinical tests (Council of Europe 
Convention on the Protection of Human Rights and Human Dignity in Respect of 
Biological and Medical Achievements, Convention on Human Rights and Biomedicine 
(ETS No. 164) of 04.04.1997 and the Helsinki Declaration of the World Medical 
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Association (2008).). Study participants (volunteers) signed voluntary written consent to 
participate in the experiment. The examination was conducted on weekdays from 10:00 to 
13:00. 

The evoked cortical activity was recorded using the NeuroCom hardware and software 
complex (Kharkiv, HAI MEDICA). The ERP was recorded according to the generally 
accepted EEG technique – the “10-20%” system from 19 electrodes. The subject was in a 
screened, light and soundproofed room, sitting at rest. 

The experiment procedure included the recording of event-related potentials in two 
experimental situations. In the first experimental situation, the subject had to react by 
pressing the button on the remote control, thereby recording the correctness of his 
response, to a painted figure of a certain shape, in this case a circle, among the contours 
of other figures, regardless of the localization of this figure on the monitor screen. As 
insignificant stimuli, we used colored shapes of different shapes among the contours of 
other shapes. In the second experimental situation, the subject had to respond by pressing 
the remote control button to any shaded figure if it was located in the upper right corner 
of the screen. The shaded shapes presented on other sides of the screen were insignificant 
stimuli. In each experimental situation, 30 salient and 70 irrelevant stimuli were presented 
with an interstimulus interval of 1-1.5 s. Subsequently, the data were analyzed by ICA. 
ICA components with pronounced artifact characteristics and low reliability were 
excluded from further processing. The most characteristic sources of evoked activity for 
left- and right-handed individuals were identified. 

The statistical processing of the study results was carried out using the methods of 
variation statistics. The data were calculated in the software package MatLab, MegaStat 
or directly in MS Excel 2019. 

RESULTS 

Presentation of the main material and substantiation of the research results 

As a result of ICA in the first experimental situation, it was found that right-handed 
people were characterized by a large number of typical sources of electrical activity in 
posterior associative cortical areas with one of the sources of the evoked activity was 
registered in the right superior temporal gyrus (Fig. 1). In left-handed subjects, we did not 
find the presence of such a typical source of evoked activity, while three of the four 
typical sources were localized in the structures of the limbic system, the appearance of 
dipoles in which was associated with the process of categorization of the stimulus [5, 7]. 
This may indicate a stronger emotional component in this group of subjects, compared to 
right-handed people. Typical sources № 5, № 4, and № 2 for right-handed people and № 
4, № 3, and № 2 for left-handed people, respectively, had a statistically significant 
difference. Thus, sources № 4 and № 2 for left-handed people, compared to right-handed 
people were oriented deeper into the brain, and the 2nd source in left-handed people was 
registered to the left, deeper and higher. Dipole № 6 in right-handed people is apparently 
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involved in the formation of mid-latent components of the ER, while in left-handed 
people dipole №3 is apparently involved in the formation of the cognitive component P3, 
N3 in the left parietal area (Fig. 1). 

A B 

 

Manual 
asymmetry 

№ 
component 

Talairach X 
(mm) 

Talairach Y 
(mm) 

Talairach Z 
(mm) 

Right 4 51 ± 2.9 -60 ± 3.8 12 ± 2.6 

Left 6 45 ± 2.6 -50 ± 4.7 29 ± 4.8* 

Right 3 20 ± 2.2 -71 ± 4.6* 13 ± 2.3 

Left 3 18 ± 2.8 -51 ± 5.6 17 ± 3.7 

Right 2 -12 ± 1.6* -54 ± 2.2* 12 ± 2.2 

Left 5 -3 ± 1.0 -34 ± 59 13 ± 3.9 

Right 1 -45 ± 3.7 -76 ± 4.0 2 ± 2.1* 

Left 1 -49 ± 3.4 -69 ± 5.9 -5 ± 2.7 

Fig. 1. Localization of dipoles in subjects with right (A) and left (B) sensorimotor asymmetry and 
coordinates of their placement according to Talairach during the first experimental situation. 
* Statistically significant difference (p≤0.05) 

During the second experimental situation, the subjects of both groups had six typical 
sources, which were located mainly in the structures of the limbic system and occipital 
areas of the cerebral cortex (Fig. 2). At the same time, one of the typical dipoles in right-
handed people is recorded in the parietal area of the right cerebral hemisphere, which is 
specific to this group of subjects. 

Typical dipole № 6 in left-handed people, compared to № 4 in right-handed people, is 
oriented significantly more upward, source № 3 in left-handed people, compared to the 
same in right-handed people, is localized more forward, № 2 in right-handed people, 
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compared to № 5 in left-handed people, is oriented to the left and more forward, source 
№ 1 in right-handed people, compared to № 1 in left-handed people, is oriented more 
upward. The most typical sources in right-handed and left-handed individuals allow for 
the development of distinct cognitive components of ERPs P3 and N3 in the right parietal 
area, regardless of the type of manual asymmetry (Fig. 2). 

A B 

 

Manual 
asymmetry 

№ 
component 

Talairach X 
(mm) 

Talairach Y 
(mm) 

Talairach Z 
(mm) 

Right 4 51 ± 2.9 -60 ± 3.8 12 ± 2.6 

Left 6 45 ± 2.6 -50 ± 4.7 29 ± 4.8* 

Right 3 20 ± 2.2 -71 ± 4.6* 13 ± 2.3 

Left 3 18 ± 2.8 -51 ± 5.6 17 ± 3.7 

Right 2 -12 ± 1.6* -54 ± 2.2* 12 ± 2.2 

Left 5 -3 ± 1.0 -34 ± 5.9 13 ± 3.9 

Right 1 -45 ± 3.7 -76 ± 4.0 2 ± 2.1* 

Left 1 -49 ± 3.4 -69 ± 5.9 -5 ± 2.7 

Fig. 2. Localization of dipoles in subjects with right (A) and left (B) sensorimotor asymmetry and 
coordinates of their placement according to Talairach during the second experimental situation. 
* Statistically significant difference (p≤0.05) 

DISCUSSION 

Thus, the method of step-by-step localization of current dipoles of ERP waves describes 
the dynamic topography of activation zones within the cerebral cortex, which determines 
the distribution of potential across the cortex and its change over time [6]. Together with 
mapping methods, this method provides valuable information about the functioning of the 
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living brain, the distribution of its functions in time and space. Differences in the 
localization of dipole sources of independent components in individuals with different 
types of sensorimotor asymmetry in different experimental conditions may indicate 
different localization of second-order filters in the human cortex, which is consistent with 
the notion of the specificity of second-order visual mechanisms. 

In subjects with the left type of sensorimotor asymmetry, regardless of the experimental 
situation, the most typical sources of electrical activity were recorded, mostly in the 
posterior associative areas of the left hemisphere. 

In right-handed people, the location of dipoles in the two experimental situations is less 
uniform. Thus, during the first test, the most stationary dipoles were recorded in the left 
hemisphere, and during the second – in the right. 
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cerebruli qerqis gamowveuli potencialebis wyaroebis 

kvleva memarcxeneebsa da memarjveneebSi sagnis formasa da 

poziciasTan asocirebuli stimulis klasifikaciis dros 
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reziume 

kvleva Catarda memarcxeneebsa da memarjveneebSi gamowveuli aqtivobis 

wyaroebis Sesaxeb movlenebTan dakavSirebuli potencialis ICA analizis 

mixedviT adekvaturi aRqmis datvirTvis pirobebSi. kvlevaSi monawileobda 

18-20 wlis asakis 33 mamakaci, romlebic dayofilni iyvnen or jgufad – 

memarcxeneebi (14 adamiani) da memarjveneebi (19 adamiani). testebis nakrebis 

Sedegebis Sesabamisad, romlebic gansazRvravdnen manualuri asimetriis 

profils, eqsperimentuli procedura moicavda movlenasTan dakavSirebuli 

potencialis Caweras or eqsperimentul situaciaSi. pirvel eqsperimentul 

situaciaSi subieqts uwevda reagireba garkveuli formis daCrdilul 

figuraze sxva figurebis konturebs Soris, miuxedavad monitoris ekranze 

am figuris mdebareobisa. meore eqsperimentul situaciaSi subieqts unda 

epasuxa nebismier daCrdilul figuraze, Tu is ekranis zeda marjvena 

kuTxeSi iyo. SemdgomSi Catarda miRebuli monacemebis ICA analizi. 

Catarebuli analizis Sedegad dadginda, rom memarjveneebs axasiaTebT 

eleqtruli aqtivobis tipuri wyaroebis didi raodenoba pirvel eqspe-

rimentul situaciaSi, xolo oTxi tipuri wyarodan sami lokalizebuli 

iyo limburi sistemis struqturebSi. meore eqsperimentuli situaciisTvis 

orive jgufis subieqtebs hqondaT eqvsi tipuri wyaro, romlebic Zi-

riTadad ganlagebuli iyo limburi sistemis struqturebSi da qerqis 

kefis wilebSi. am SemTxvevaSi memarjveneebSi erTi tipuri wyaro fiqsir-

deba Tavis tvinis marjvena naxevarsferos qerqis parietalur ubnebSi, rac 

specifikuria am jgufis subieqtebisTvis. 
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ОСОБЕННОСТИ ИСТОЧНИКОВ ВЫЗВАННОЙ АКТИВНОСТИ КОРЫ 
ГОЛОВНОГО МОЗГА У ЛЕВШЕЙ И ПРАВШЕЙ ПРИ КЛАССИФИКАЦИИ 
СТИМУЛОВ, СВЯЗАННЫХ С ФОРМОЙ И ПОЛОЖЕНИЕМ ОБЪЕКТА 

Татьяна Качинская1,  Зураб Сакварелидзе2,  Натела Сакварелидзе2,  
Елене Сакварелидзе3, Ирма Хачидзе4,5 

1 Волынский Национальный университет им. Леси Украинки, кафедра физиологии 
человека и животных, Украина; 2Тбилисский государственный медицинский уни-
верситет, Грузия;  3 Тбилисский государственный универcитет им. Ив. Джавахишвили, 
Грузия;  4 Центр экспериментальной биомедицины им. Ив. Бериташвили, Тбилиси, 
Грузия;  5 СЕУ, Тбилиси, Грузия 

РЕЗЮМЕ 

Проведено исследование источников вызванной активности у левшей и правшей по данным 
ICA-анализа потенциалов, связанных с событиями в условиях адекватной перцептивной 
нагрузки. В исследовании приняли участие 33 испытуемых мужского пола в возрасте 18-20 
лет, которые были разделены на две группы – левши (14 человек) и правши (19 человек), в 
соответствии с результатами комплекса тестов, определявших профиль мануальной 
асимметрии. Процедура эксперимента включала регистрацию потенциалов, связанных с 
событиями в двух экспериментальных ситуациях. В первой экспериментальной ситуации 
испытуемый должен был реагировать на закрашенную фигуру определенной формы среди 
контуров других фигур независимо от локализации данной фигуры на экране монитора. Во 
второй экспериментальной ситуации испытуемый должен был реагировать на любую 
закрашенную фигуру в случае, если она находилась в правом верхнем углу экрана. В 
дальнейшем проводился ICA-анализ полученных данных. 

В результате проведенного анализа было установлено, что правши характеризуются 
большим количеством типичных источников электрической активности в первой 
экспериментальной ситуации, при этом один из источников регистрировали в правой 
верхней височной извилине. Для левшей наличие такого типичного источника не было 
характерным, при этом три из четырех типичных источников у них локализовались в 
структурах лимбической системы. Для второй экспериментальной ситуации у испытуемых 
обеих групп отмечено по шесть типичных источников, которые расположены, в основном, в 
структурах лимбической системы и затылочных отделах коры головного мозга. При этом, 
один из типичных источников у правшей фиксируется в теменных отделах коры правого 
полушария головного мозга, что является спецификой данной группы испытуемых. 
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kreatinis, rogorc sakvebi danamatis gansxvavebuli 

dozebis gavlena organizmis zogierT struqturul 

da funqciur maCvenebelze 
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1 quTaisis akaki wereTlis saxelmwifo universiteti, saqarT-
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cnobilia, rom sakvebi danamatis saxiT peroralurad miRebuli kreatini 

iwvevs energiis, Zalis da amtanobis momatebas. misi arseboba da-

dasturebulia Tavis tvinSi. kvlevis mizani iyo eqsperimentSi kreatinis 

neiromodulatoruli funqciis Seswavla, gansxvavebuli dozebis gavlena 

Tandayolili qcevis – SfoTviT mdgomareobaze, garemos stresul faq-

torebze da dagvedgina kreatinis, rogorc sakvebi danamatis optimaluri 

doza. eqsperimentSi gamoviyeneT laboratoriuli TeTri virTagvebi. 

SfoTvis mdgomareobis testirebisTvis gamoviyeneT e.w. „wylis dasjadi 

smis“ testi – pasiuri ganridebis pirobiTi refleqsis nairsaxeoba. 

miRebuli Sedegebis statistikuri damuSaveba Catarda stiudentis t-
testiT. davadgineT, rom kreatinis 250 mg doziani sqemiT misi per-

oralurad miReba neironul doneze aZlierebs Tavis tvinis metabolur 

procesebs, moqmedebs gama-aminoerbomJavas receptorebze, rogorc agonisti 

da am gziT igi amcirebs garemos stres-faqtorebs, riTac aregulirebs 

SfoTvis mdgomareobas. xolo maRaldoziani (350 mg) sqemiT kreatinis 

miReba normaze metad aqveiTebs SfoTviT mdgomareobas, rac uaryofiTad 

moqmedebs qcevaze, romelic araadekvaturad vlindeba. 

kreatinis xangrZlivad miRebis sruli 48-dRiani kursis maRaldoziani (350 

mg) sqemiT sakveb danamatad gamoyeneba did albaTobas qmnis RviZlis 

msubuqi, e.w. `mtvrisebri gacximebis" mdgomareobis mxriv. 

sakvanZo sityvebi: kreatini, SfoTva, wylis dasjadi sma, stresi 

sakvebi danamatis saxiT peroralurad miRebuli kreatini iwvevs 

energiis, Zalis da amtanobis momatebas. misi arseboba dadastu-
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rebulia Tavis tvinSi. kvlevis mizani iyo eqsperimentSi kreatinis 

neiromodulatoruli funqciis Seswavla, gansxvavebuli dozebis 

gavlena Tandayolili qcevis – SfoTviT mdgomareobaze, garemos 

stresul faqtorebsa da kreatinis, rogorc sakvebi danamatis 

optimaluri dozis dadgena. organizmSi damatebiT Setanili 

kreatini kidev ufro aZlierebs ujredul doneze mimdinare ener-

getikul metabolizms, Sesabamisad, iwvevs ujredSida sasignalo 

gzebis kidev ufro gaaqtivebas, romelsac SeuZlia ganaxorcielos 

zogierTi postsinafsuri receptorebis modulireba. Cveni Sedegebis 

mixedviT, kreatini CarTulia Tavis tvinis umaRlesi funqciuri 

procesebis regulaciaSi, maT Soris iseT fsiqo-emociur qcevaSi, 

rogoricaa SfoTva. Cvens cdebSi SfoTviTi mdgomareobis regu-

laciaze gavlenas axdens, erTi mxriv, aqtiuri nivTiereba kreatini, 

xolo, meore mxriv, stresuli faqtorebi, romlebic gamowveulia 

wylis dasjadi smis testSi eleqtruli deniT gaRizianebisa da 

wylisgan deprivaciisgan (dawyureba). kreatinis xangrZlivad miRebis 

sruli 48-dRiani kursis maRaldoziani (350 mg) sqemiT sakvebad ga-

moyeneba did albaTobas qmnis RviZlis msubuqi, e.w. `mtvrisebri 

gacximebis" mdgomareobis mxriv. 

SfoTva nebismieri janmrTeli adamianisTvis da, savaraudod, 

nebismieri ZuZumwovari cxovelisTvis damaxasiaTebeli emociuri 

mdgomareobaa, romelsac garegani gamoxatuleba xSirad ar gaaCnia, 

magram misi gancda sakmaod erTgvarovania da, arsebiTad, safrTxis, 

marcxis an usiamovnebis molodinSi gamoixateba. amerikeli fsi-

qiatri aaron beki specialurad msjelobs SfoTvaze, rogorc WeS-

marit emociaze da ganasxvavebs mas SiSisgan, romelsac aqvs kon-

kretuli mizezi [3]. amgvarad, SfoTva sruliad normaluri emo-

ciuri mdgomareobaa, romelic normis farglebSi sasicocxlod 

mniSvnelovania [3]. SfoTvis gancda (emocia) uzrunvelyofs cxove-

lis mzadyofnas sicocxlisTvis saxifaTo movlenisadmi. 

kreatini aRmoCenil iqna 1832 wels frangi qimikosis Sevrelis mier. 

igi aris qimiuri nivTiereba – meTilguanidoZmarmJava [6, 7]. mas 

Seicavs adamianisa da cxoveluri organizmis kunTebi. samecniero 

literaturaSi misi arseboba dadasturebulia RviZlSi, sisxlSi, 

Tirkmlebsa da mcire raodenobiT nervul qsovilSi, maT Soris 

centralur nervul sistemaSi (cns), konkretulad Tavis tvinSi, 

kerZod hipokampSi, neokorteqsis piramidul neironebsa da bazalur 

birTvebSi [6]. agreTve, aris cnobebi imis Sesaxeb, rom igi klinikaSi 

gamoiyeneba zogierTi nevrologiuri daavadebis SemTxvevaSi. aseve 

mas aqvs neiroproteqtoruli da antidepresiuli moqmedeba, zrdis 

Jangbadis moxmarebas Tavis tvinis mier [2], amcirebs Tavisufali 

radikalebis raodenobas [13], aumjobesebs kognitur funqciebs, amci-
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rebs gonebriv gadaRlas, gavlenas axdens biogenuri aminebis 

receptorebze [10]. is ZiriTadad saWiroa kunTebis muSaobis 

energetikuli cvlisTvis [4, 13]. meti raodenobiT mas navarjiSebi 

kunTebi Seicavs [9]. cnobilia, rom organizmis 1 kg wonaze 2 g 

kreatini modis, e.i. zrdasruli adamianis organizmi saSualod 120-

150 g kreatins Seicavs. kreatinis moxmarebis Semdeg periodSi 25%-

iT energiis mateba fiqsirdeba. amitom, 1993 wlidan kreatini 

sportsmenTa kvebis sakveb danamatad iqna miRebuli [11, 13]. kreatinis 

sakveb danamatad miReba xdeba sxeulis wonis mixedviT (saSualod, 

sxeulis yovel 1 kg-ze 2.4 g kreatini). arsebobs misi gamoyenebis 

sxvadasxva sqemebi. 

sqema 1. dReSi 5-jer 5-5 g kreatini, 5 dRe. Semdeg xangrZlivad (25 dRe), 

dReSi erTxel 5 g, sul 250 g. 

sqema 2. erTi Tvis ganmavlobaSi 5 g kreatini yoveldRe, sul 150 g. 

sqema 3. yvelaze miRebulia 5 g kreatinis miReba yoveldRe, dReSi 4-jer 

sakvebis miRebebs Soris, 6 dRis ganmavlobaSi. Semdegi 42 dRe – 5 g dReSi 

erTxel, sul 330 g. 

kvlevis mizani 

aRwerilma faqtebma ganapirobes Cveni gamokvlevis mizani da amo-

canebi, raTa eqsperimentSi Segveswavla: 1. kreatinis roli iseTi 

aqtiuri fsiqo-emociuri qcevis regulaciaSi rogoricaa SfoTva, 

misi neiromodulatoruli funqcia; 2. eqsperimentiT dagvedgina 

kreatinis sakveb danamatad gamoyenebis optimaluri sqema; 3. krea-

tinis, rogorc sakvebi danamatis xangrZlivad moxmarebis pirobebSi 

RviZlis morfologiuri cvlilebebis Seswavla. eqsperimentisTvis 

gamoviyeneT zrdasruli mamri virTagvebi SfoTvis Tanamedrove 

test-modelebSi. aRniSnuli miznis misaRwevad davsaxeT Semdegi 

konkretuli amocanebi: 1. pasiuri ganridebis testSi (wylis das-

jadi sma) kreatinis gansxvavebuli dozebis moqmedebis Seswavla 

gamowveuli, anu garemoebiTi SfoTvis (anxiety state) emociur qcevaze; 
2. kreatinis sakveb danamatad xangrZlivad gamoyenebis pirobebSi 

RviZlis morfologiuri mdgomareobis Seswavla. 

sakvlevi masala da meTodebi 

eqsperimentSi gamoyenebuli iyo laboratoriuli TeTri zrdasruli 

mamri virTagvebis 6 sacdeli jgufi (jgufSi cxovelTa raodenoba 

n = 5), romelTa wona 180 g-ze naklebi ar iyo. eqsperimentis gegmis 

mixedviT, kreatinis doza gaangariSebuli iyo cxovelis 1 kg wonaze 

2.4 g-is raodenobiT, misi micema N1, N2, N3 jgufis cxovelebisTvis 
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xdeboda aRniSnuli sqemis sami gansxvavebuli dozis mixedviT, 

xolo N4, N5 da N6 jgufebi sakontrolo iyo. maT Soris N4 jgufis 

cxovelebi, romlebsac ar eZleodaT kreatinis arc erTi doza, 

mtkivneul (stresul) gaRizianebas Rebulobdnen wylis dasjadi 

smis testSi, gamoviyeneT, rogorc `WeSmariti" sakontrolo N1, N2, N3 

jgufebisTvis, rogorc stresisadmi kreatinis gavlenis mizniT, 

xolo N5 sakontrolo jgufis cxovelebi gamoyenebuli iyvnen N5 

jgufis sakontrolod. maT ar eZleodaT kreatinis arc erTi doza 

da aseve ar xdeboda maTi mtkivneuli gaRizianeba wylis dasjadi 

smis testSi. eqsperimentis mTeli periodisTvis cxovelebi kreatins 

jamurad Semdegi raodenobiT iRebdnen: 

sqema 1-is mixedviT – 250 mg, sqema 2-is mixedviT – 150 mg; sqema 3-is 

mixedviT – 350 mg. N1, N2, N3 jgufis cxovelebisTvis kreatinis sakveb 

danamatad eZleodaT qarxnuli wesiT damzadebuli preparati – 

kreatinis monohidrati (creatine monohydrate). momnelebel sistemaSi 

misi srulyofilad Sewovis mizniT cxovelebs paralelurad 

miewodebodaT koncentruli naxSirwylovani wvenebi. SfoTvis mdgo-

mareobis testirebisTvis gamoiyeneboda qceviTi testi, e.w. `wylis 

dasjadi sma~ – pasiuri ganridebis pirobiTi refleqsis nairsaxeoba. 

eqsperimentis gegmis me-2 amocanis ganxorcielebis mizniT gamo-

yenebul iqna N3 da N6 jgufebis cxovelebi, romelTa mimarT eqs-

perimenti, sxva jgufebisgan gansxvavebiT, grZeldeboda xan-

grZlivad (48 dRe), ris Semdeg xdeboda am jgufis cxovelTa 

qloroformiT daZineba, muclis Rrus gakveTa, RviZlis qsovilis 

anaTlebis damzadeba gamyinavi mikrotomiT da preparatebis 

mikroskopuli Seswavla. 

statistika 

miRebuli Sedegebis dasamuSaveblad vangariSobdiT calkeul testSi 

miRebuli ricxobrivi monacemebis saSualoebs da maT gadaxrebs. 

vadarebdiT mas sakontrolo jgufis cxovelebSi miRebuli mona-

cemebis saSualoebs. sxvaobis sarwmunobas vamowmebdiT stiudentis 

t-testiT. 

Sedegebi 

samecniero literaturidan cnobili faqtebi da eqsperimentSi 

miRebuli Sedegebi udavod miuTiTebs imaze, rom kreatini gadis 

hematoencefalur bariers, warmodgenilia cns-Si da CarTulia Tavis 

tvinis energetikuli stabilurobis procesebSi. organizmSi dama-

tebiT Setanili kreatini kidev ufro aZlierebs ujredul doneze 

mimdinare energetikul metabolizms, Sesabamisad, iwvevs ujredSida 
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sasignalo gzebis kidev ufro gaaqtivebas, romelsac SeuZlia ga-

naxorcielos zogierTi postsinafsuri receptoris modulireba. 

Cveni Sedegebis mixedviT, kreatini CarTulia Tavis tvinis umaRlesi 

funqciuri procesebis regulaciaSi, maT Soris iseT fsiqo-emociur 

qcevaSi, rogoricaa SfoTva. Cvens cdebSi SfoTviTi mdgomareobis 

regulaciaze gavlenas axdens, erTi mxriv, aqtiuri nivTiereba 

kreatini, xolo, meore mxriv, stresuli faqtorebi, romlebic ga-

mowveulia wylis dasjadi smis testSi eleqtruli deniT gaRizia-

nebisa da wylis deprivaciiT (dawyureba). es ukanaskneli faqtori 

ar aris ZiriTadi, magram igi gasaTvaliswinebelia. 

diagramidan 1 kargad Cans, rom aRniSnuli stres-faqtorebis ga-

neitralebaSi udavod aris CarTuli kreatini. literaturaSi aris 

mosazreba, rom kreatini cns-Si moqmedebs gama-aminoerbos mJavas 

receptorebze, rogorc agonisti. Sedegad is iwvevs postsinafsuri 

membranis hiperpolarizacias da am gziT amcirebs mwvave stresul 

reaqciebs. cnobilia, rom stresul moqmedebas Tan axlavs Ta-

visufali radikalebis warmoqmna. cnobilia agreTve, rom kreatins 

aqvs unari plazmaSi Secvalos homocisteinis raodenoba [12]. Tavis 

mxriv, homocisteini ewinaaRmdegeba Tavisufali radikalebis war-

moqmnas da amiT amcirebs maT raodenobas. amrigad, kreatinis rao-

denobaze uSualod aris damokidebuli Tavisufali radikalebis 

raodenoba, anu igi arapirdapiri gziT axdens maT ganeitralebas. 

kvlevis miznidan gamomdinare, gvqonda mcdeloba dagvedgina krea-

tinis iseTi optimaluri doza, romlis pirobebSic SfoTvis fsiqo-

emociuri mdgomareoba normis farglebSi iqneboda SenarCunebuli. 

amasTanave, dadgenili doza maqsimalurad uzrunvelyofda Tavisufali 

radikalebis ganeitralebas da, Sesabamisad, xels uwyobda stres-

faqtorebis Semcirebas da maT uaryofiT gavlenas organizmze. 

kvlevis Sedegebidan gamomdinare da diagramis maCveneblebis mi-

xedviT, kreatinis optimalur dozad unda CaiTvalos sqema 1, rom-

lis sruli kursi Seesabameba 250 mg. 

miRebuli Sedegebidan gamomdinare, SfoTvis gaZlierebuli sidide 

vlindeba saeqsperimento cxovelTa N2 jgufis mimarT. maT kreatinis 

sruli kursi SedarebiT dabali doziT eZleodaT (150 mg). rac 

Seexeba eqsperimentSi arsebul stresogenur faqtorebs, isini yvela 

ZiriTadi jgufis cxovelebis mimarT erTnairi iyo, xolo maTi 

gavleniT gamowveuli SfoTvis mdgomareobis sidide – erTma-

neTisgan gansxvavebuli. aRniSnuli faqti dakavSirebuli unda iyos 

stresis Sedegad cilebisa da lipidebis Tavisufal radikalur 

zeJangvasTan, anu oqsidaciuri stresis ganviTareba-Camoyalibebas 

ewinaaRmdegeba Cven mier am mxriv Sesaswavli aqtiuri nivTiereba – 

kreatini. 
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diagrama 1 

amitom, cdebis im variantebSi, romelTa cxovelebsac naklebi 

doziT eZleodaT (me-2 jgufi) kreatini, ar aRmoCnda sakmarisi 

stresis gasaneitraleblad. aRniSnuli faqtis sasargeblod metyve-

lebs e.w. `WeSmariti sakontrolo" jgufis (№4) cxovelebSi Zlieri, 

paTologiuri SfoTviTi qcevis gamovlineba, vinaidan am jgufis 

cxovelebs ar eZleodaT kreatini. rac Seexeba kreatinis maRal-

doziani sqemis gamoyenebis SemTxvevas №3 jgufis cxovelebSi 

SfoTvis fsiqo-emociuri mdgomareoba, №5 sakontrolo jgufTan Se-

darebiT, Zalzed Semcirebulia. aRniSnuli faqti, Tavis mxriv, 

gavlenas axdens SfoTvis fsiqo-emociur mdgomareobaze da, Sesa-

bamisad, naklebad adekvaturs xdis maT qcevas. 

kreatinis maRali dozebis gamoyeneba SesaZlebelia uaryofiTad 

moqmedebdes zogierT Sinagan organoze. aRniSnulma mosazrebam da 

samecniero literaturis monacemebma ganapiroba Cveni kvlevis me-2 

amocana – `kreatinis, rogorc sakveb danamatad xangrZlivad ga-

moyenebis pirobebSi RviZlis cximovani distrofiis (gacximeba) 

Seswavla~. 

sacdeli cxovelebis RviZlis vizualuri daTvalierebiT da makro-

skopuli SeswavliT dadginda misi zomaSi da wonaSi mateba, kerZod, 

sakontrolo cxovelebis saSualo monacemebTan SedarebiT 0.5-1.0 sm-

iT meti, xolo wonaSi mateba – 0.5-0.7 g da misma mTlianma wonam 

Seadgina saSualod 5.2 g (norma – 4.6 g), e.i. kreatinis maRali do-

zebis xangrZlivad sakveb danamatad miRebam gamoiwvia hepatomegalia – 

Hepatomegaly samedicino literaturis monacemebiT [1], hepatomegaliis 

gamomwvev erT-erT risk-faqtorad iTvleba didi raodenobiT 
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zogadad sakvebi danamatebis xangrZlivad gamoyeneba. msgavsi mo-

nacemebi aRiniSna �3 jgufis mxolod sam cxovelze, anu 60%-Si. am 

jgufis cxovelebs eZleodaT kreatinis maRali dozis sruli kursi – 

330 mg. xolo sxva sacdeli da sakontrolo jgufis cxovelebSi 

arsebuli monacemebis normidan gadaxra ar dafiqsirebula. eqs-

perimentSi miRebuli Sedegebi gaxda imis safuZveli, raTa mogve-

xdina RviZlis mikroskopuli Seswavla misi gacximebis Tvalsaz-

risiT. am mizniT gamoviyeneT zemoT aRniSnuli meTodi. mikrosko-

puli kvleva Catarda �3 jgufis hepatomegaliis RviZlis masalaze 

da �6 jgufis sakontrolo cxovelze. dadginda, rom RviZlis peri-

feriul hepatocitebSi granulebis saxiT SeiniSneboda mcire cxi-

movani CanarTebi, e.w. `mtvrisebri gacximebis" forma �3 jgufis 

mxolod 2 SemTxvevaSi. miRebuli Sedegi RviZlis cximovani dis-

trofiis ganviTarebis sawyisi etapis maCvenebelia. aseTi Sedegis 

mizezad unda CaiTvalos sakvebi danamatis saxiT kreatinis didi 

doziT miReba. rac Seexeba sakontrolo jgufis cxovelebs, msgavsi 

Sedegi ar gamovlenila. eqsperimentSi miRebuli RviZlis gacximebis 

warmoqmnis meqanizmi SeiZleba aixsnas Semdegnairad: im SemTxvevaSi, 

rodesac kreatinis aqtivoba xorcieldeba gaem-is receptorebze ze-

moqmedebiT, rogorc agonistis, Sedegad mcirdeba homocisteinis 

warmoqmnis procesi da amasTan, qveiTdeba Tavisufali radikalebis 

warmoqmnac (rac, Tavis mxriv, dadebiT movlenad unda CaiTvalos). 

magram aRniSnul procesebs Tan axlavs lipidebis zeJangviTi Jan-

gvis Semcireba. sabolood mimdinareobs maTi dagroveba da RviZlSi 

mobilizacia, rac qmnis RviZlis gacximebis pirobebs. 

daskvna 

1. gadis ra hematoencefalur bariers, kreatini CarTulia Tavis 

tvinis umaRles funqciebSi, kerZod, fsiqo-emociuri qcevis – SfoT-

vis regulaciaSi; 

2. eqsperimentis Sedegebis mixedviT davadgineT, rom: a) kreatinis 

peroralurad miRebis sruli 30-dRiani kursis optimaluri doza 

aris 250 mg (sqema 1); b) kreatini iwvevs garemos stres-faqtorebis 

Semcirebas, rac sabolood ganapirobebs SfoTvis fsiqo-emociuri 

mdgomareobis normis farglebSi SenarCunebas; 

3. kreatinis, rogorc sakvebi danamatis maRaldoziani (350 mg) sqemiT 

gamoyeneba normaze metad amcirebs SfoTvis fsiqo-emociur mdgoma-

reobas, rac qcevas araadekvaturs xdis da uaryofiTad moqmedebs 

kognitur funqciebze; 
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4. kreatinis xangrZlivad miRebis sruli 48-dRiani kursis maRal-

doziani (350 mg) sqemiT sakvebad gamoyeneba didi albaTobiT iwvevs 

RviZlis msubuq, e.w. `mtvrisebri gacximebis~ mdgomareobas. 
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ВЛИЯНИЕ РАЗНЫХ ДОЗ КРЕАТИНА КАК ПИЩЕВОЙ ДОБАВКИ 
НА НЕКОТОРЫЕ СТРУКТУРНЫЕ И ФУНКЦИОНАЛЬНЫЕ 
ПОКАЗАТЕЛИ ОРГАНИЗМА 

Изольда Ломсианидзе1,  Ренико Саканделидзе1,  Теймураз Ломсианидзе1,  
Эрекле Джулакидзе1,  Шорена Туквадзе2,  Тинатин Абуладзе1 
1 Кутаисский государственный университет Акакия Церетели, Грузия;  2 Грузино-
Американский университет, Тбилиси, Грузия 

РЕЗЮМЕ 

Известно, что креатин, принимаемый перорально в качестве пищевой добавки увеличивает 
энергию, силу и выносливость. Его присутствие подтверждено в мозге. Целью иссле-
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дования было изучение нейромодулирующей функции креатина в эксперименте, влияние 
различных доз на врожденное поведение – тревожное состояние, стрессовые факторы 
окружающей среды, а также определить оптимальную дозу креатина в качестве пищевой 
добавки. Эксперимент проводился на лабораторных белых крысах. 

Для проверки состояния тревоги использовалась так называемая проба «Вынужденного 
питья», которая представляет собой разновидность условного рефлекса пассивного 
отклонения. Статистическую обработку полученных результатов осуществляли с помощью 
t-критерия Стьюдента. 

Установлено, что пероральный прием креатина по схеме дозировки 250 мг усиливает 
метаболические процессы головного мозга на уровне нейронов, действует на рецепторы 
гамма-аминомасляной кислоты как агонист и, таким образом, снижает стрессовые факторы 
окружающей среды, тем самым регулирует состояние тревоги. А при высокодозной (330 
мг) схеме – прием креатина снижает тревожное состояние больше нормы, что отрицательно 
влияет на поведение, проявляющееся неадекватно. Использование полного 48-дневного 
курса длительного приема креатина по схеме с высокими дозами (330 мг) в качестве 
пищевой добавки создает высокую вероятность легкого повреждения печени. 

THE EFFECT OF DIFFERENT DOSES OF CREATINE AS A FOOD 
SUPPLEMENT ON SOME STRUCTURAL AND FUNCTIONAL 
BODY INDICATORS 

Izolda Lomsianidze1,  Reniko Sakandelidze1,  Teimuraz Lomsianidze1,  
Erekle Julakidze1,  Shorena Tukvadze2,  Tinatin Abuladze1 
1 Akaki Tsereteli Kutaisi State University;  2 Georgian-American University, Tbilisi, Georgia 

SUMMARY 

It is known that creatine taken orally appears to be a food supplement, it increases energy, strength 
and endurance. It is proved that it can be found in the brain. The aim of the research was to 
experimentally study the neuromodulatory function of creatine, the effect of different doses on 
innate behavior – an anxiety state, environmental stressors and to determine the optimal dose of 
creatine that would not cause changes in the mentioned data. Laboratory white rats were used in 
the experiment. 

To test the state of anxiety, the so-called “punished water drinking” test – a variant of the 
conditioned reflex of passive diversion was applied. Statistical processing of the obtained results 
was carried out with the Student's t-test. 

It was determined that oral administration of creatine at a dose of 250 mg enhances the metabolic 
processes in the brain at the neuronal level, acts as an agonist on gamma-aminobutyric acid 
receptors reducing environmental stress factors. Thereby, regulating the state of anxiety, while 
administered at a high dose (350 mg) it lowers the anxiety state below normal, which negatively 
affects the behavior, and inadequate behavior is observed. 

Using a long-term 48-day course of high-dose creatine (350 mg) as a food supplement increases 
the likelihood of developing a mild fatty liver condition. 
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COMBINED EFFECT OF ALCOHOL USE AND ALCOHOL 
WITHDRAWAL ON THE EMOTIONAL SPHERE OF MALE 
AND FEMALE WISTAR RATS 

Natia Melia1,  Giorgi Lobzhanidze2,  Nadezhda Japaridze2,3,  Nina Zhvania2,4,  
Manana Karchava1 

1 Kutaisi Akaki Tsereteli University, Faculty of Engineering and Technology;  2 Ivane 
Beritashvili Center for Experimental Biomedicine, Laboratory of Brain Ultrastructure 
and Nanoarchitecture, Tbilisi, Georgia;  3 New Vision University, Medical School, 
Tbilisi, Georgia;  4 Chapidze Heart Center, Tbilisi, Georgia 

In this study the effect of moderate alcohol consumption with withdrawal period on anxiety 
of adult male and female Wistar rats in open field (OF) has been evaluated. The line 
crossing, the number of fecal boluses, vertical positions, the grooming and hole-board 
activity were measured. Experimental rats received a 10% aqueous ethanol solution for 10 
days. At the end of this period, the animals were switched to tap water for a further 5 d. 
After this period the rats continued to drink 10% (v/v) ethanol solution during 20 d. To 
determine the effect of experimental conditions on these parameters, two-way ANOVA was 
used. The results have shown that the effect of experimental conditions was sex- and 
parameter-dependent. 

Key words: Chronic alcohol use, alcohol withdrawal, emotional sphere, male and female rats 

Alcohol use is one of major problems around the World. Prolonged alcohol experience 
provokes numerous alterations [6, 7, 9]. Among the most common outcomes of alcohol 
use the disturbances in emotional sphere are cited [2, 5]. Such outcomes depend on many 
factors. The most important factors are the character and the duration of alcohol use, the 
context which provokes alcohol use, age of individuals and sex [3, 6, 10]. Despite 
significant progress in the field of alcohol addiction, there is a lack of studies focusing on 
sex differences. Very often, in males and females, the alcohol use is accompanied by 
withdrawal period. 

In the present study we evaluate the effect of chronic moderate alcohol consumption 
accompanied by withdrawal period on emotional sphere, particularly on the anxiety-like 
behavior in adult male and female Wistar rats. The goal of this study was to assess the 
sex-dependent interferences on anxiety-like behavior. For this purpose different open 
field (OF) tests were used. The motor parameters (line crossing, entries into the center, 
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vertical positions), allowing the interferences on anxiety-like behavior, physiological 
parameters (the number of fecal boluses), rearing (standing on the hind legs, indicting 
vertical exploratory activity), the grooming (self-cleaning, indicating a stereotypical be-
havior) and hole-board activity (widely used tool to study the anxiety) were evaluated [2]. 

METHODS 

Animals and treatment 

The experiments were performed on adult (P130-135) male (n = 24) and female (n = 24) 
Wistar rats, weighing 110-115 g. Before the experiment, all animals were housed in 
3/cage (37 × 30 × 25 cm), in a controlled environment (temperature 20-22°C, humidity – 
55-60%, 12-hr light/ dark cycle) and had free access to food and water. Just before the 
treatment, the rats of both sexes were randomly assigned to experimental and control 
groups (12 animals in each group). The experimental rats received a 10% (v/v) aqueous 
ethanol solution as their only available liquid source for 10 days (d). At the end of this 
period, the animals were switched to tap water for a further 5 d. After this period the rats 
continued to drink 10% (v/v) ethanol solution, during 20 d. The animals of control group 
during all this period had water instead of alcohol solution. Food was freely available 
throughout all this period. Behavioral studies were performing on the next day after 
treatment (8.00 am to 11.00 am). The experiments were conducted in accordance with 
European Communities Council Directive (2010/63/EU) of 22 September 2010. 

Anxiety assessment 

The anxiety was assessed in the square OF (70 × 70 cm). The dark surface of OF was 
marked with horizontal and vertical white lines with 6 mm thickness. These lines made 
the squares with 14 × 14 cm dimensions. Each rat performed the test for 10 min. The 
behavior was recorded by a video camera attached to the computer. General ambulatory 
ability (based on how many times animals crossed white lines), entries into the center, 
vertical position, grooming frequency, fecal boluses and hole reflex were considered as 
the data on the emotionality. 

Statistical analysis of behavioral data 

The analysis of behavior in OF was carried out in a blind manner. Statistical Compu-
tation. VassarStats was used (http://vassarstats.net). To determine the effects of ethanol 
on any parameter, two-way ANOVA with two factors – “ethanol” (control and 
experimental) and “sex” (male and female) was used. If the analysis of variance yielded a 
significant F-value, further post hoc comparisons were made using Tukey’s honestly 
significant difference test (Tukey’s HSD) to determine specific group differences. The P-
value less than 0.05 was considered statistically significant. The data are presented as 
mean ± standard error of the mean (SEM). 
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RESULTS 

Locomotor activity 

The Two-Way ANOVA for locomotor activity reveals a significant effect of “ethanol” 
(F1,38 = 8.2, p < 0.01), and insignificant effects of “sex” (F1,38 = 2,16, p = 0.1503) and the 
interaction between “ethanol” and “sex” (F1,38 = 0.95, p = 0. 0.3362). 

Crossed lines 

While comparing with control, the number of crossed lines in experimental animals of 
both sexes was significantly increased, but more significant effect was observed in female 
rats (females – control: 23.7 ± 3.74, experiment – 52.3 ± 9,35, males – control: 20 ± 5.03, 
experiment – 34.1 ± 9.78) (Table 1, Figure 1A). 

Table 1 

OF behavioral parameters in control and ethanol exposed female and male rats 

Animal Groups 

Females Males Parameters 

Control Ethanol Control Ethanol 

Crossed lines 23.7 ± 3.74 52.3 ± 9.35 20 ± 5.03 34.1 ± 9.78 

Entry to the center 0.9 ± 0.48 3.1 ± 0.41 0.6 ± 0.34 0.7 ± 0.21 

Vertical position 4.8 ± 1.36 21.2 ± 2.66 3 ± 1.43 5.6 ± 1.62 

Grooming frequency 8.9 ± 0.72 5.5 ± 1.16 5.7 ± 1.57 2.2 ± 0.99 

Boluses 3.5 ± 0.73 0.8 ± 0.29 1.8 ± 0.66 2.7 ± 0.86 

Hole reflex 3.8 ± 1.01 3.7 ± 0.83 2.7 ± 0.76 2.1 ± 0.5 

Entries into the center and vertical position 

Significant effect was also detected regarding the number of entries into the center of the 
open field (F1,37 = 9.47, p = 0.004) and the number of vertical position (F = 26.55, 
p < 0.0001). These parameters were significantly affected by both – the sex of animals 
(entries into the center – F1,37 = 13.05, p = 0.0009; the number of vertical positions – 
F1,37 = 22.27, p < 0.0001) and the interaction between “ethanol” and “sex” (entries into 
the center – F1,37 = 7.89, p = 0.008; the number of vertical position – F1,37 = 14.01, 
p = 0.0006) (Figure 1B, C, Table 1). 

Entries into the center 

While comparing with control, the number of entries into the center was significantly 
increased only in female rats (females – control: 0.9 ± 0.48, experiment – 3.1 ± 0.41; 
control: 0.6 ± 0.34, males, experiment: 0.7 ± 0.21). 
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Fig. 1. Effect of sex and ethanol treatment on the different parameters of the behavior of animals in 
the open field (OF). A – crossed lines, B – enter into the center of OF, C – vertical position, D – 
grooming frequency, E – fecal boluses, F – hole reflex 
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Vertical positions 

While comparing with control, the number of entries into the center was significantly 
increased only in female rats (females – control: 4.8 ± 1.36, experiment – 21.2 ± 2.66; 
males – control: 3 ± 1.43, males – experiment: 5.6 ± 1.62). 

In general, such data indicate that animal locomotor activity and the number of vertical 
positions predominantly enhanced only in female rats. 

Grooming frequencies 

Grooming frequencies were significantly affected by both factors (ethanol – F1,37 = 8.98, 
p = 0.0049; sex – F1,37 = 7.97, p = 0.0077). The changes within and between groups of 
female and male rats were also significant (p < 0.01) (Fig. 1D; Table 1).While comparing 
with control, this parameter decreases in animals of both sexes (females – control: 
8.9 ± 0.72, experiment – 5.5 ± 1.16, males – control: 5.7 ± 1.57, males – experiment: 
2.2 ± 0.99). 

Fecal boluses 

No overall effect of either “ethanol” or “sex” (ethanol – F1,37 = 1.8, p = 0.1881; sex – 
F1,37 = 0.02, p = 0.8883) was observed. However, there was a significant crossover 
interaction of factors (F1,37 = 7.21, p = 0.0109). This is possibly related with significant 
decrease of fecal boluses in experimental female rats in comparison with controls 
(control, female: 3.5 ± 0.73, experiment – 3.5 ± 0.73, p < 0.01). Insignificant growth of 
fecal boluses was detected in experimental males (males, control: 1.8 ± 0.66, males, 
experiment: 2.7 ± 0.86, p > 0.05). Finally, significant difference was observed between 
male and female experimental animals in favor of male rats (p < 0.01) (Fig. 1E; Table 1). 

Hole reflex 

No significant effect of ethanol (F1,37 = 0.19, p = 0.6655) or sex (F1,37 = 2.87, p = 0.0989) 
was observed. The interaction of factors was not significant, too (F1,37 = 0.1, p = 0.7537). 
No significant changes within female (control vs. ethanol p > 0.05) and male (control vs. 
ethanol p > 0.05) groups and between groups were detected (p > 0.05) (Fig. 1 F; Table 1). 

DISCUSSION 

The present research is the part of our large investigation of various effects of alcohol 
abuse in male and female Wistar rats. The use of animal models to study alcohol effects is 
critical in advancing knowledge about pathophysiological processes of alcohol addiction. 
Such an effect is described in a number of studies, however, significant gap persists in the 
understanding of the role of sex on the consequences of chronic use of ethanol. In this 
research, we focused on the combined effect of: alcohol use +withdrawal + alcohol use. 
Such combination is the most common condition among alcohol abusers. Specifically, we 
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studied the consequences of such experimental condition on emotional sphere, concretely 
on anxiety-like behavior in both male and female rats. All behavioral parameters on 
which we focused (locomotor activity, vertical position, grooming, boluses, hole reflex) 
are related to the emotionality and their potential changes should reflect the alterations in 
anxiety-like behavior. 

Based on the results of our study, the experimental conditions significantly affect almost 
all anxiety-related behavioral parameters in animals of both sexes. However, only in one 
case (grooming frequencies), in males and females the character of alterations was the 
same (in both males and females this parameter was decreased). As to other parameters, 
depending on sex, different and even opposite character of alterations were detected. 
Thus, in comparing with control, the number of crossed lines, entries into the center ad 
vertical positions were observed only in female rats. In opposite to this, the number of 
fecal boluses was significantly decreased in females and significantly increased in males. 

It is notable that in the majority of cases, the alterations were more significant in female 
animals. Therefore, female rats are the most vulnerable to present experimental 
conditions. In general, the data suggest that the mechanisms implicated in the appearance 
of such effects are likely sex-specific. Several literature data also point that alcohol 
differentially affects the parameters linked to anxiety, cognition or oxidative stress in 
male and female rats [4, 7, 11]. Sex-hormones should play essential role in this difference 
[1, 4, 8]. Besides, it is not excluded that different aspects of anxiety-related behavior are 
mediated by distinct neural circuitries [12]. Alcohol may differentially affect these 
circuitries, provoking the difference in the modifications of anxiety-related parameters. 
Additional studies, including morphological research of brain regions, involved in 
anxiety-like behavior, as new investigations addressing the role of sex differences in 
alcohol use should shed light on such difference. 
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Ria velSi Seswavlilia alkoholis zomieri moxmarebis da alkoholisgan 

Tavisufali periodis kombinirebuli efeqti vistaris xazis mamri da 

mdedri virTagvebis emociur sferoze. Sefasebulia xazebis gadakveTis, 

fekaluri bolusebis, vertikaluri mdgomareobebis, grumingis raodenobebi 

da xvrelebTan dakavSirebuli aqtivobebi (hole-board activities). eqsperimentuli 
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АЛКОГОЛЯ НА ЭМОЦИОНАЛЬНОЕ СОСТОЯНИЕ САМЦОВ И САМОК 
КРЫС ЛИНИИ ВИСТАР 
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РЕЗЮМЕ 

В открытом поле изучен общий эффект умеренного потребления алкоголя и его отмены на 
эмоциональное состояние самцов и самок крыс линии Вистар. Измерялось количество 
линий пересечения, фекальных шариков, вертикальных положений, груминга и активность, 
связанная с отверстиями (hole-board activities). Экспериментальные крысы принимали 10%-й 
алкоголь в течение 10-и дней, далее – пять дней принимали проточную воду, последующие 
20 дней же, опять – 10%-й алкоголь. Для определения эффекта экспериментальных условий 
на вышеперечисленные параметры был проведен двухфакторный АNOVA. Была показана 
зависимость эффекта от пола животных и типа параметра. 
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THE SPECTRAL CHARACTERISTICS OF COMPUTER AND 
SMARTPHONE SCREEN AND THEIR IMPACT ON FUNCTIONAL 
CONDITION OF OCULAR SURFACE IN HEALTHY PATIENTS AND 
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A prolonged and uncontrolled use of modern information technologies, especially in teaching 
and education processes is closely related to the occurrence of ophthalmic problems in 
students. Using radio spectral method, the study of spectral characteristics of light sources 
has an important role. This method has revealed a reliable drop in 470-500 nm range in case 
of usage of Philips LED-620 warm, white color spectrum. The index of ocular surface disease 
of weakly and sharply expressed categories of OSDI in students infected with COVID-19 sig-
nificantly exceeds the number of uninfected students. In conditions of LED bulb lighting, Schirmer 
test has revealed a decrease in the volume of secreted tears in infected with COVID-19, 
however, the volume of secreted tears in healthy persons also reduces at LED bulb lighting. 

Thus, the impact of spectral characteristics of LED bulb on the eye is considerable, as 
compared with spectral characteristics of incandescent electric bulb. 

Key words: visible light spectrum, ocular surface disease index (OSDI), Schirmer-1 

Today the modern world is unimaginable without information technologies. A prolonged 
contact with computers and smartphones became daily life routine, especially in the youth 
in teaching and education processes. Based on the above-said, many ophthalmological 
problems arose, including study of functional condition of ocular surface during a 
prolonged and uncontrolled use of computers and smartphones both in COVID-19 
infected and uninfected students. 

A physical essence of studied light and the characteristics of its receiving sources are 
completely studied in the available literature. In old days, a large part of the population 
used candles, kerosene lamps, later the population began using incandescent electric lamps. 
Today we use light-emitting diodes, LED bulbs, smartphones, electronic books, etc. 
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Based on the above-said, the study of spectral characteristics of light sources appears to 
be urgently relevant. In general, two types of spectrometers are used in scientific 
researches: based on diffractive grid and prism. Our choice was based on the modern, 
highly informative and prospective radiospectrometric method. Radiospectrometer is 
located on the territory of Department of Physics of Batumi Shota Rustaveli State 
University. The series of researches were carried out together with the scientific fellows 
of this department (https://www.stellarnet.us) [6]. 

 

Fig. 1. Smartphone screen spectrum during 
text visualization 

Fig. 2. The spectrum of blue color light-
emitting diode 

 

At the first stage of the research the spectral characteristics of various sources of light 
were studied. On Fig. 1 the screen spectrum of smartphone is given during text 
visualization. The spectrum of blue (Fig. 2) and non-thermal red color (Fig. 3) light-
emitting diode significantly differs. 

Blue color is in the range of 420-520 nanometers, while non-thermal red color – in the 
range of 600-660 nm. 

The lighting by incandescent electric bulb covers the full range of visible light, which is 
similar to room spectrum lightened by bright sunlight (Fig. 4). 

In case of LED lamp lighting, the spectrum is different, which is widely used in our 
everyday life (Fig. 5). A sharp drop is observed in the range of 470-500 nm. This is 
another confirmation of our study carried out in 2017. According to this research, 
irradiation of light emitting diode of visible spectrum of household purpose can induce a 
significant increase of variability stress-index of heart rate in students [11]. It makes us to 
think that the increase in photoinduced additional free radicals appears to be leading in 
the organism. 

One more confirmation of above-said opinion appears to be the results of experiments 
carried out in white rats at Iv. Beritashvili Center for Experimental Biomedicine (in the 
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laboratory of the Academician Nodar Miragvaria) in 2023. A sharp increase in the 
oxidative stress index because of free radicals formation during irradiation with blue 
monochromatic light was confirmed in these experiments [8]. 

 

Fig. 3. Non-thermal red color light-emitting 
diode 

Fig. 4. The spectrum of incandescent electric 
bulb 

Based on the fact that a main source of getting the information from computers and 
smartphones is the monitor, a principal load falls on the vision analyzer. An impact of 
virtual world through the Internet and computer games is added to this, which presumably 
can lead to the disorders of nervous system or the psychics [1, 9]. As known, in 2020 
WHO has declared a public health emergency and a pandemic [5]. 

 
Fig. 5. Philips LED 620 nm warm white color spectrum 

At the next stage of the investigation the pathophysiological mechanisms of the 
regulation of visual perception and tear secretion were studied in COVID-19 and 
uninfected practically and ophthalmologically healthy students aged 18-25. 
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By means of ocular surface disease index (OSDI) the relationship of ocular symptoms 
with visual function has been established [10]. Visual acuity was measured using Viso-
meter (BCVA) [2], and a volume of tear liquid was measured with Schirmer-1 test [7]. 

Based on the above-said, the study of changes in ocular symptoms in healthy and COVID-19 
infected persons in teaching process in conditions of intensive usage of computer and smart-
phone screen was our goal. Total of 200 students were studied during 2019-2022 years. 

Before involving in the research the participants were informed that the study was 
voluntary and the survey – confidential, and that they could stop their participation at any 
time. Also their written consent with personal signature was necessary. The mentioned is 
in accordance with the Helsinki Ethics principles [12]. 

The results obtained were statistically processed using both parametric and nonparametric 
methods [4]. The research group consisted of 116 women and 84 men. 

Ocularly healthy students were chosen for our research. Sclera of all the participants was 
unchanged in the norm, eye cornea was spherical and transparent, color shell – structural, 
crystal – transparent, vitreous body – within the norm. 

100% vision was found in 131 out of 200 cases (65.5%), while refractive error – in 69 
cases (34.5%). 

Ocular surface disease index (OSDI) [3, 7] that allows to estimate ocular symptoms at 
normal, moderate and severe forms is given in the Table 1. 

Table 1 

Estimation of ocular symptoms by OSDI survey 

OSDI Scores OSDI Category 

0-12 Normal 

12-22 Mild 

23-32 Moderate 

33-100 Severe 
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The value of OSDI coefficient has been calculated with the formula – OSDI = DX25/E, 
where D – is the sum of the scores of answers to all obtained answers on all questions, E – a 
number of answers to the questions. In our case all the indices were 12. 

Out of 200 studied students 100 were healthy, i.e. uninfected, and the rest 100 were those 
who have suffered from COVID-19 infection. 

The results obtained by OSDI survey are presented in Table 2. 

Table 2 

The assessment of ocular symptoms by using OSDI survey 

The norm Weakly expressed Acute 

who have suffered 
from COVID-19 Healthy who have suffered 

from COVID-19 Healthy who have suffered 
from COVID-19 Healthy 

20 ± 4% 39 ± 4.5% 36 ± 4.8% 31 ± 4.6% 44 ± 5% 30 ± 4.6% 

As seen from the Table, OSDI category was in norm in 39 ± 4.5% case in healthy 
persons, while this category was revealed in 20 ± 4% in those who have suffered from 
COVID-19, the difference between 39% and 20% statistically was reliable, p > 0.025, 
t = 3.1. 

Weakly expressed OSDI category was 31 ± 4.6% in healthy persons, and in those who 
have suffered from COVID-19, it was 36 ± 4.8%, accordingly the difference between 
31% and 36% statistically was unreliable. As to acute OSDI category, it was 30 ± 4.6% in 
healthy persons, and in those who have suffered from COVID-19, it was 44 ± 5%. Thus, 
the difference between 30% of healthy and 44% who were exposed to COVID-19, is 
statistically reliable – p < 0.025, t = 2.0. 

The changes in tear film were assessed by the determination of the volume of tear 
secretion studied at the second stage of the research in the conditions of natural and LED 
light bulb lighting. The Schirmer tear test was used for this aim (Fig. 6). 

 
Fig. 6. 
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The Schirmer test allows us to quantitatively determine eye dew. For this a filter paper 
(width – 5 mm, length – 35 mm, the Firm – Optitech) was used. Getting wet less than 5 
mm during 5 minutes is considered to be an evidence of dry eye syndrome (in norm tear 
secretion should provide the getting wet of the paper more than 15 mm length). 

The Schrimer test was carried out in 19 students who have suffered from COVID-19 
infection and 16 healthy ones. The test was conducted in two stages: at the first stage, 
under conditions of natural room lighting, after a 5-minute delay on the eyelid of the 
drying paper, its wetting length was measured in mm. The next day the same was done 
under conditions of LED light bulb lighting and the wetting length was again measured in 
mm. Statistical analysis of obtained data is given in Table 3. 

Table 3 

The volume of tear secretion (in mm) 
under conditions of natural and LED light bulb lighting 

The first group (healthy)  The second group (suffered from 
COVID-19) 

After natural 
lighting 

After LED bulb 
lighting 

 After natural 
lighting 

After LED bulb 
lighting 

13 11  11 10 

14 11  11 9 

14 12  12 10 

17 15  12 11 

17 13  11 10 

18 14  11 9 

 16 13  13 11 

14 12  13 11 

15 11  12 9 

15 11  12 11 

13 11  12 11 

13 12  11 10 

14 12  11 10 

16 13  12 10 

17 14  11 10 

17 14  14 12 

   13 11 
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t-test 

Group N Mean SD SEM  Group N Mean SD SEM 

1 16 15.19 1.682 0.4205  1 19 12 0.9428 0.2163

2 16 12.44 1.315 0.3287  2 19 10.37 0.8307 0.1906

Difference 2.75  0.5338  Difference 1.632  0.2883

95% confidence interval for difference: 
1.66 to 3.84 

 
95% confidence interval for difference: 

1.047 to 2.216 

t = 5.152 with 30 degrees of freedom; 
p = 0.000 

 
t = 5.660 with 36 degrees of freedom; 

p = 0.000 

Thus, Schirmer test has revealed a statistically reliable decrease in tear secretion in 
students having suffered from COVID-19 under conditions of LED bulb lighting as 
compared to natural room lighting. 

CONCLUSION 

Our study of light sources spectral characteristics using radiospectrometric method has 
revealed a reliable drop in 470-500 nm range (the results are described in detail in Figures 
1-5) in case of the usage of 5 Philips LED 620 warm white color spectrum (Fig. 5). 

This conclusion echoes and confirms the results of our publication in 2017 [2]. Based on 
that publication blue light has a negative effect on the organism, which, presumably, is 
associated with the release of free radicals and, accordingly, with the expected structural 
cell destruction, as well as with the reduction of cell lifespan [6]. 

Ocular surface disease was assessed by OSDI. Out of 200 studied subjects 100 were 
healthy and 100 who have suffered from COVID-19 infection. In healthy persons a 
weakly expressed OSDI category was more often revealed as compared to those infected 
with COVID-19, while acute OSDI category was observed more often in those who have 
suffered from COVID-19. 

In students exposed to COVID-19 infection the Schirmer test revealed a statistically 
significant decrease in tear secretion under LED lamp lighting, as compared to tear 
secretion at natural room lighting. In healthy persons an average index was within the 
norm, and was decreased under conditions of room LED lamp lighting. 

Thus, it should be concluded that a different impact of light sources on the vision is 
manifested in changes in secreted tear volume. The above-said should be taken into 
account during the usage of computer monitor or electronic books in the teaching 
processes. 
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speqtris gamoyenebisas. sustad da mkveTrad gamoxatuli OSDI kategoriebi 
COVID-19 gadatanil studentebSi Tvalis zedapiris daavadebis indeqsiT, 

raodenobrivad ufro metad aRemateba arainficirebuli studentebis 

raodenobas. LED naTuris ganaTebis pirobebSi COVID-19 gadatanil pirebSi 

Sirmeris testma gamoavlina cremlis gamoyofis Semcireba, Tumca arain-

ficirebulebSic LED oTaxis naTuriT ganaTebis pirobebSi agreTve mcir-

deba cremlis gamoyofa. 

amgvarad, Zalze mniSvnelovania LED naTuris speqtraluri maxasiaTeblebis 

gavlenis Sefaseba Tvalze varvara naTebis naTuris gavlenasTan Se-

darebiT. 

СПЕКТРАЛЬНЫЕ ХАРАКТЕРИСТИКИ ЭКРАНА КОМПЬЮТЕРА И 
СМАРТФОНА И ИХ ВЛИЯНИЕ НА ФУНКЦИОНАЛЬНОЕ СОСТОЯНИЕ 
ГЛАЗНОЙ ПОВЕРХНОСТИ У ЗДОРОВЫХ И ЛИЦ, ПЕРЕНЕСШИХ COVID-19 

Леван Микеладзе1,  Нино Каранадзе1,  Давид Делибашвили1,  Нино Цхведиани1,  
Нана Пилия3,  Николоз Твилдиани1,  Александр Цибадзе1,  Нугзар Гомидзе2,  
Лали Каландадзе2,  Давид Цибадзе1,4 
1 Тбилисский государственный медицинский университет, Грузия;  2 Батумский 
государственный университет им. Шота Руставели, Грузия;  3 Университет им. Григола 
Робакидзе, Тбилиси, Грузия;  4 New Hospital, Тбилиси, Грузия 

РЕЗЮМЕ 

Длительное и безконтрольное использование современных информационных технологий, 
особенно в процессах обучения и образования, значительно связано с возникновением оф-
тальмологических проблем среди студентов. Важную роль играет изучение спектральных 
характеристик источников света с использованием радиоспектрального метода. Иссле-
дование выявило достоверный упадок в случае использования LED-620 теплого, белого 
спектра в диапазоне 470-500 нанометра. Слабо и остро выраженные OSDI категории с 
индексом заболевания глазной поверхности среди студентов, перенесших Covid-19, 
количественно намного превышает количество неинфицированных студентов. В условиях 
освещения LED лампочкой, тест Ширмера среди перенесших COVID-19 выявил умень-
шение слезовыделения, хотя и у неперенесших COVID-19 в условиях освещения LED 
комнатной лампочкой также уменьшается слезовыделение. 

Таким образом, очень важно оценить влияние спектральных характеристик LED лампочки 
на глаз, по сравнению с влиянием лампочки накаливания. 
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QUANTITATIVE STUDY OF SOME BIOLOGICALLY ACTIVE IONS 
IN THE FRESH WATERS OF SUKHCHE VILLAGE 
(KHONI MUNICIPALITY, IMERETI REGION) AND THEIR 
SIGNIFICANCE FOR THE VITALITY OF LIVING ORGANISMS 

Manuchar Chikovani,  Nana Julakidze,  Magdana Jikia,  Izolda Lomsianidze,  
Izolda Didbaridze,  Anna Mogeladze 

Kutaisi Akaki Tsereteli State University, Georgia 

For the first time, the hydrochemical examination of the spring waters of Sukhche village of 
Khoni municipality was conducted. The content of magnesium and calcium ions, bicarbonate 
ions, chloride ions, sulfate ions, dry balance, permanganate oxidizability, dissolved oxygen, 
DOM5 and carbon dioxide content has been determined. Relatively simple and fast chemical 
and physical-chemical methods with good reproducibility were selected for determination. 
Biogenic substances were determined by the photometric method. The content of the above-
mentioned ions from the spring waters of Sukhche village of Khoni municipality is within the 
norm and its use for drinking and from the agricultural point of view is appropriate. 

Keywords : Spring waters, ions, biogenic elements, titrant, indicator 

Aim. We aimed to study the hydrochemical composition of the spring waters of Sukhche 
village of Khoni municipality. The importance of magnesium and calcium, as well as 
chlorine ions in managing the life processes of human, animal and plant organisms has 
been taken into account. The aim of our research was to study Mg2+, Ca2+, HCO3¯. Cl¯, 
SO4

2¯, CO2, permanganate oxidizability, oxygen content, BBM5, dry balance, and content 
of biogenic elements in the spring waters of Sukhche village of Khoni municipality. 

Introduction. During rain, a large part of the water enters the ground. First it passes 
through the loose layer of the ground, then it goes deeper into the ground. It will pass 
through the sand, pebbles and stones. This is the way how the water is cleaned. Finally, it 
passes through that layer. which does not carry water. Clean water is collected in the 
ground. A person digs the ground in such a place. The well is a deep and narrow pit. 
There is water at the bottom of it. The heat of the sun does not penetrate deep into the 
earth. That's why the well water is cold. They take out water from the well with a vessel 
and drink it. Sometimes the bottom layer of the earth is sloping. Because of this, water 
cannot be accumulated. It flows into the ground. In the end, it can go up. This is how the 
source appears, which is also cold and clean. A person drinks spring water. While moving 
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through the soil crust, water acquires many substances, including salts, and a specific 
composition is formed. The amount of salts in water varies within wide limits, their total 
concentration e.i. the mineralization is relatively low in surface water and significantly 
high in groundwater [9]. 

Natural waters contain almost all the chemical elements in different concentrations – 
calcium, magnesium, sodium, potassium and iron cations are usually found in fresh 
water, and chloride, sulfate and bicarbonate ions are mainly found in anions. Natural 
waters have an approximately neutral reaction due to equal amounts of opposite charges. 
The total concentration of cations in water is equal to the total concentration of anions. 
One of the main tasks when investigating the composition of water was to determine the 
content of ions. The human body receives macro- and microelements from the 
environment with food, water or, rarely, air. The relationship between the physical-
chemical characteristics of the elements and their biological activity allows predicting the 
expected result of the compounds of these elements entering the body [1]. 

Magnesium and calcium belong to the elements of life. The difference between the 
properties of magnesium and calcium cations is related to the different density of positive 
charge on their surface. The magnesium ion has a smaller radius, it hydrates better. Its 
free atomic orbitals interact with the unshared electron pairs of oxygen of water 
molecules by forming fairly stable aqua complexes. Hydrated magnesium cation is 
hydrolyzed unlike calcium cation. The ability of magnesium cation to form a complex is 
greater than that of calcium ion, but the latter forms strong complexes with amino acids 
and proteins. In the human body the content of magnesium is 0.04%, and that of calcium 
is 14%. Magnesium cation, similar to calcium cation, is mainly an intracellular ion and 
causes the constant osmotic pressure in it. Magnesium cation is the main activator of 
enzymatic reactions: it activates oxidative phosphorylation, DNA replication and bone 
tissue mineralization enzymes. In intracellular fluid magnesium cation forms complexes 
with ATP and ADP anions. Magnesium cation is the most important central ion in the 
chlorophyll cluster of metalloprophyrin. Photosynthesis takes place with its participation. 
Magnesium ions inhibit the release of some substances from the body (for example, 
acetylcholine) and promote others (for example, cholesterol), unlike calcium ions, which, 
on the contrary, inhibit the release of cholesterol, while stimulating the release of 
acetylcholine. The absorption of calcium from food products mainly depends on vitamin 
D. Unlike magnesium ions, calcium ions are concentrated in the intercellular fluid. It is 
the main component of bone tissue. 

When the calcium ion concentration in the blood plasma decreases, mineral compounds 
are opened and the calcium cation content in the plasma increases due to hormonal action. 
Thyroid hormone activates salt secretion in bone tissue. Calcium ions are involved in 
nerve impulse transmission, muscle contraction, heart rhythm regulation, blood clotting 
process. Calcium ions inhibit the excitability of the central nervous system. And the 
reduction of its concentration causes seizures [6]. 
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In the human body carbon content is 21.15%. It is included in all tissues and cells. in the 
form of an insignificant organic substance. From inorganic carbon compounds, carbon 
(IV) oxide, carbonic acid and its salts, hydrocyanic acid and its salts have medical 
biological importance. 

Oxygen forms a double bond due to the presence of two unpaired electrons. Unlike sulfur 
atoms, it cannot increase the valency by removing electrons. Two unshared electron pairs 
allow the oxygen atom to form a donor-acceptor bond with each other. It uses both 
electron pairs to form a hydrogen bond. Without oxygen, it is impossible to carry out 
numerous, extremely important life processes. In particular, breathing, oxidation of the 
substrate, the main function of oxygen in the body is the oxidation of substances and the 
release of energy. Biological oxidation can be free when the released energy is converted 
into heat and chelated, and reactive when the released energy is used to drive endoergic 
reactions. It is important for the cell that oxygen is completely restored, otherwise its 
various active forms are obtained: superoxide anion-radical, hydroperoxide and 
hydroxide radicals, hydrogen peroxide and singlet oxygen. The body is protected from 
active forms of oxygen through the antioxidant system. It consists of the enzymes 
superoxide dismutase and catalase. Under the action of the former, the peroxide radical is 
transformed into oxygen and hydrogen peroxide, which, under the action of catalase, 
produces water and oxygen. Oxygen and its compounds are less active ligands. One liter 
of blood plasma dissolves five milliliters of oxygen. Hemoglobin has the function of 
carrying iron, which forms oxyhemoglobin with oxygen. With the help of this complex, 
one ml of blood can carry 250 ml of oxygen. 

The large radius of the sulfur atom and relatively small electronegativity in the inner 
electronic screen and the presence of a vacant 3d orbital in the outer electron level lead to 
a decrease in the energy of the sulfur-containing bonds and an increase in the polarization 
of both the bonds and the unshared electron pairs in the outer level. The sulfur atom is a 
very soft center in compounds that preferentially interacts with soft easily polarizable 
reagents.According to the content in the body, sulfur (0.16%) belongs to macroelements. 
It is included in the composition of proteins, amino acids (cystine and cysteine), 
hormones (insulin) and vitamins (B1). It contains hair creatine, bones, nervous tissue. 
Sulfur contained in amino acids is oxidized in living organisms, and the final products of 
oxidation are predominantly sulfates. Endogenous sulfuric acid produced in the body, 
participates in the detoxification of poisonous substances – phenol, cresol, indole – 
produced from amino acids by microbes in the intestines. In addition, sulfuric acid binds 
to medicinal preparations, their metabolites, compounds foreign to the body and is 
excreted from the body.. 

In the human body chlorine content is 0.15%. It is mainly present in the intercellular 
fluid. The body's daily need for chlorine is 4-6 g. Chlorine ions participate in the creation 
of a buffer system, in the regulation of osmotic pressure and water-salt exchange, they are 
part of some enzyme systems. They have an optimal radius for passing through the cell 
membrane [8]. 
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The main part of the southern part of the Khoni district is occupied by the Imereti plain. 
The district is divided by the tributaries of the rivers: Tskhenistskali and Gubistskali. The 
plain is made up of Quaternary pebbles, sands, loams and clays. To the north of the plain, 
the hilly foothills of Kolkheti, built with Paleocene-Eocene limestones, extend in a 
narrow strip. The district is located in the region of humid subtropical climate of the sea 
and is characterized by the altitudinal zonation of the air to match the terrain. In the 
middle mountainous zone, there is a cold winter and a long cool summer humid weather, 
similar to the weather in the highest places of the region on the Askhi plateau, with the 
difference that the summer there is short. In addition, precipitation is more abundant in 
the middle mountainous zone than in the foothills and lowlands. The main river is 
Tskhenistskali, it is joined by the heavily branched Satsiskvilo river, as well as Gordi water and 
Sukhche water. The second big river is Gubistskali, its tributaries within the district are: 
Upper (Zemo) Kukhi and Middle (Shua) Kukhi. There is a karst river on the Askhi massif. 
Alluvial soil of medium and large thickness is developed along the rivers on the plain [7]. 

Judging the experiment. The relevance of the issue lies in the fact that the content of the 
above-mentioned ions was determined for the first time in the given waters, for which 
highly sensitive methods were chosen [2-5]. Thus, Mg2+, Ca2+, HCO3¯ were determined 
for the first time in the spring waters of Sukhche village of Khoni municipality. Cl¯, SO4

2¯ 
ions, CO2, permanganate oxidizability, oxygen content, HBM5, dry balance, biogenic 
elements – by chemical and photometric methods. The results of the analysis are given in 
Table 1. 

Table 1 

Hydrochemical investigation of some spring waters of 
Sukhche village of Khoni municipality, Mg/L  

N 
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1 Suchkhela 7.42 0.016 3.38 0.16 4.54 1.04 4.10 2.56 0.82 0.84 1.090

2 Khidi 7.54 0.029 1.46 0.41 2.18 0.58 3.52 2.24 0.16 0.62 1.021

3 Bzanara 7.68 0.012 3.56 0.05 3.98 0.68 3.02 1.98  0.48 0.66 0.963

4 Mogeladze 7.49 0.016 3.51 0.52 4.71 1.02 2.88 1.54  0.90 1.82 0.954

5 Jelias 7.32 0.021 4.92 1.92 7.12 1.06 3.07 2.30 0.88 2.02 1.141

6 Cold spring 7.34 0.013 5.44 1.62 6.94 1.08 3.10 2.25  1.14 2.18 1.075

7 Khurtsilava 7.24 0.025 4.94 1.54 6.98 0.72 3.39 2.30 0.64 1.74 1.780
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Mg2+, the ion in the largest amount is contained in the source of Jelias 1.92 mg/l. Its 
content is the smallest in the Bzanara spring at 0.05 mg/l SO4

2¯. 

The Ca2+ ion content is also variable. Its relatively large amount was observed in the cold 
spring at 5.44 mg/L, while Ca2+ content was low at 1.46 mg/L in the Khidi spring. 

The HCO3¯ ion content is the largest in the Jelias spring at 7.12 mg/l, the content of 
hydrocarbonate ions is the smallest in the Khidi spring at 2.18 mg/l. 

SO4
2¯ ion high concentration is recorded in the source of the Khidi at 0.29 m g/l. Bzanara 

spring contains a small amount of sulfate ions at 0.012 mg/l. 

The cold springwater contains a relatively large amount of Cl- ions, 1.08 mg/l. And its 
mass content is small in Bzanara spring water at 0.58 mg/l. 

The content of carbonic acid gas is the highest in the cold spring at 2.18 mg/l. Sukhchela 
spring contains a small amount of carbonic acid gas, 0.84 mg/l. 

Permanganate oxidizability is relatively high in cold spring water 2.18 mg/l, its small 
amount is fixed in Bzanara spring water 0.48 mg/l. 

The oxygen content is high in Sukhchela spring, 4.10 mg/l. A relatively low 
concentration of oxygen is recorded in the Mogeladze spring water at 2.88 mg/l. 

The dry balance is the highest in Khurtsilava spring at 1,780 mg/l. Its content is the 
smallest in the Mogeladze spring at 0.963 mg/l. 

DOM5 is the highest in Sukhchela spring at 2.56 mg/l, the lowest in Mogeladze spring 
water – 1.54 mg/l, DOM5. 

The content of biogenic elements NO2¯, NO3¯, NH3, PO4
3¯ is lower than the detection 

limit. No biogenic elements are found in the investigated spring water of Sukhche village 
of Khoni municipality. 

Experimental part. Methodology for determination of chemical elements in water 

The analyzes were carried out in the Analytical Chemistry Laboratory of Kutaisi Akaki 
Tsereteli State University. The methods tested in hydrochemical practice were used for 
the analysis [2]. 

The acidity rate was measured by the potentiometric method (potentiometer pH 673-M). 
The mercurimetric method was used to determine chlorides (titrant 0.01 Hg(NO3)2, 
indicator (diphenyl carbazole). Hydrocarbons were determined by the acidimetric method 
(titrant 0.1-0.01 N HCl, indicator methyl orange). 
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The content of calcium and magnesium, as well as the total hardness of the water under 
investigation, was determined by the complexonometric method (titrant 0.01 N 
Complexon III). To determine the magnesium ion content, we used eriochrome as an 
indicator, we created the recommended area with an ammonia buffer, and to determine 
the calcium ion, Merexide was used as an indicator. We created an alkaline area with 2N 
sodium alkali. 

Sulfate ions were determined by the classical gravimetric method, they represent a 
precipitated form BaSO4. Carbonic acid gas was determined by the alkalimetric method. 
Titrant 0.1-0.01N NaOH. Indicator Phenophthalein.Oxidability was determined by the 
permanganatometric method (oxidizing agent 0.01 N KMnO4, in acidic area), titrant 
0.01 N H2C2O4) [10]. 

The oxygen content was determined by the iodometric method (titrant 0.01 N Na2S2O3). 
In an alkaline environment Mn(OH)2 is oxidized by oxygen dissolved in water and passes 
into a tetravalent manganese compound, which is formed by acidifying the solution KI in 
excess I2. DOM5 were determined by the mentioned method. The dry weight was 
determined by the classical gravimetric method. 

Biogenic substances were determined by the photometric method [11]: NO2¯ shell 
reagent, NO3¯ sodium salicylate, NH4

+ – Nessler's reagent, PO4
3¯ – ammonium 

phosphorolybdate. 

NO2¯ – its photometric determination using Gries's reagent in the acid zone is based on 
the reaction of formation of a reddish-brick-colored azo dye as a result of the interaction 
of sulfanilic acid, nitrite ion and alpha-naphthylamine. 

NO3¯ – it was determined by the photocolorimetric method using sodium salicylate. The 
method is based on the interaction between nitrate ions and sodium salicylate ions, in the 
presence of sulfuric acid, during which the resulting yellow coloration is directly 
proportional to the nitrate ion concentration. 

The determination of NH4
+ is based on the interaction between the ammonium ion and 

Nessler's reagent (mercury tetra iodide) in the alkaline zone, during which the resulting 
yellow coloration is directly proportional to the concentration of the ammonium ion. 

PO4
3¯ was determined by the photocolorimetric method, which is based on the interaction 

of orthophosphoric acid and ammonium molybdate in the acid zone, during which the 
blue color formed is directly proportional to the concentration of phosphate 

Conclusion. In the studied spring waters of Sukhche village of Khoni municipality, the 
content of Mg2+, Ca2+, HCO3¯. Cl¯, SO4

2¯, CO2, permanganate oxidizability, oxygen, 
BOD5 and dry balance is within the norm and its use for drinking and from the economic 
point of view is appropriate. 
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imereTis regionis xonis municipalitetis sofel suxCes 

mtknar wylebSi biologiurad aqtiuri zogierTi ionis 

raodenobrivi Seswavla da maTi mniSvneloba cocxali 

organizmebis cxovelmyofelobisTvis 
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quTaisis akaki wereTlis saxelobis saxelmwifo universiteti, sa-

qarTvelo 

reziume 

pirvelad iqna Catarebuli xonis municipalitetis sofel suxCes wyaros 

wylebis hidroqimiuri gamokvleva. gansazRvrulia magniumis, kalciumis, 

hidrokarbonat-, qlorid- da sulfat-ionebi, mSrali naSTi, permanganat-

metruli Jangvadoba, gaxsnili Jangbadi, Jbm5 da naxSirbadis dioqsidis 

Semcveloba. gansazRvrisTvis SerCeul iqna kargi ganmeorebadobis mqone 

SedarebiT martivi da swrafi qimiuri da fizikur-qimiuri meTodebi. 

biogenuri nivTierebebis Semcveloba Seswavlilia fotometruli meTodiT. 

xonis municipalitetis sofel suxCes wyaros wylebSi zemoT aRniSnuli 

ionebis Semcveloba aris normis farglebSi da misi gamoyeneba sasmelad 

da sameurneo TvalsazrisiT mizanSewonilia. 
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КОЛИЧЕСТВЕННОЕ ИЗУЧЕНИЕ НЕКОТОРЫХ БИОЛОГИЧЕСКИ 
АКТИВНЫХ ИОНОВ В ПРЕСНЫХ ВОДАХ СЕЛА СУХЧЕ ХОНСКОГО 
МУНИЦИПАЛИТЕТА ИМЕРЕТИНСКОГО РЕГИОНА И ИХ ЗНАЧЕНИЕ 
ДЛЯ ЖИЗНЕДЕЯТЕЛЬНОСТИ ЖИВЫХ ОРГАНИЗМОВ 

Манучар Чиковани,  Нана Джулакидзе,  Магдана Джикия,  
Изольда Ломсианидзе,  Изольда Дидбаридзе,  Анна Могеладзе 

Кутаисский государственный университет Акакия Церетели, Грузия 

РЕЗЮМЕ 

Впервые проведено гидрохимическое исследование родниковых вод села Сухче Хонского 
муниципалитета. Определены магний, кальций, гидрокарбонат, хлорид и сульфатионы, 
сухой баланс, перманганатная окисляемость, содержание растворенного кислорода, БПК5 и 
диоксида углекислого газа. Для определения были выбраны сравнительно простые и 
быстрые химические и физико-химические методы с хорошей воспроизводимостью. 
Содержание биогенных веществ изучено фотометрическим методом. Содержание вы-
шеуказанных ионов в родниковой воде села Сухче Хонского муниципалитета находится в 
пределах нормы и ее использование для питья и в сельском хозяйстве целесообразно. 
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ПРЕТИБИАЛЬНАЯ МИКСЕДЕМА КАК ДЕРМАТОЛОГИЧЕСКОЕ 
ПРОЯВЛЕНИЕ ПАТОЛОГИИ ЩИТОВИДНОЙ ЖЕЛЕЗЫ 

Нино В. Цискаришвили,  Нино И. Цискаришвили,  Нино Никурадзе,  
Цискари И. Цискаришвили 

Тбилисский государственный медицинский университет, Грузия 

Претибиальная микседема (ПМ) – тиреоидная дермопатия, редко встречающееся 
заболевание, выражающееся в изменении поверхности кожи тиреоидного характера. 
По мнению некоторых авторов, в основе лежит дистериоз. ПМ является кожным 
проявлением диффузного токсического зоба (ДТЗ), наряду с явлениями тирео-
токсикоза, гипертрофии щитовидной железы, офтальмопатии (экзофтальм) и 
акропахии (симптом барабанных палочек). 

Ключевые слова: претибиальная микседема, патология щитовидной железы, дистериоз 

Претибиальная микседема (ПМ – от лат. miksedema praetibiale – перед, спереди, tibia – 
большеберцовая кость) тиреоидная дермопатия, редко встречающееся заболевание, 
выражающееся в изменении поверхности кожи тиреоидного характера. По мнению 
некоторых авторов, в основе лежит дистериоз – нарушение функции щитовидной 
железы как в сторону повышения, так и в сторону понижения [1, 2]. Однако, 
большинство авторов считают, что при гипотиреозе развивается диффузная или 
локальная микседема, в то время как претибиальная микседема – на фоне ги-
пертиреоза. При этом ПМ является кожным проявлением диффузного токсического 
зоба (ДТЗ), наряду с явлениями тиреотоксикоза, гипертрофии щитовидной железы, 
офтальмопатии (экзофтальм) и акропахии (симптом барабанных палочек). Каждый 
из этих компонентов может развиваться независимо друг от друга или вообще 
отсутствовать. ПМ относится к муцинозам – гетерогенной группе заболеваний, 
характеризующихся отложением муцина в дерме [3]. Механизм развития ПМ до 
конца не изучен, но данные исследований свидетельствуют о том, что гормоны 
щитовидной железы оказывают влияние на синтез и катаболизм мукополиса-
харидов и коллагена фибробластами кожи. Предположен аутоиммунный патогенез 
ПМ. Полагают, что при гипертиреозе появляющиеся в крови цитокины или фак-
торы роста стимулируют пролиферацию фибробластов, которые, в свою очередь, 
продуцируют накапливающиеся в коже гликозамингликаны, встречается у 1-10% 
больных с ДТЗ. Заболевание развивается, в оновном, у женщин старше 40-50 лет. 
Впервые ПМ описали RicMer (1927), Keining (1928) [5]. 



 

 

 

 

168 

При гистологическом исследовании выявляют муцинозные инфильтраты, 
разделяющие коллагеновые волокна и накопление кислых мукополисахаридов, 
задерживающих воду и соли. 

ПМ проявляется локально и характеризуется формированием узлов и бляшек, часто 
развивающихся на передних поверхностях конечностей, особенно нижних и имеет 
симметричный характер. Степень выраженности кожного процесса бывает 
различной, дерматоз часто не диагностируют или расценивают как другую 
патологию: хроническую экзему, лимфостаз, амилоидный лихен и др. [4]. 

Приводим клинический случай ПМ из нашей практики. Пациентка Н., 70 лет, 
направлена на кафедру дерматовенерологии ТГМУ с жалобами на выраженный 
отек, трещины в области нижних конечностей, чувство жжения, боли, 
невозможность надевать какую-либо обувь. Предварительный диагноз – амилоидоз 
кожи. 

Из анамнеза известно, что женщина считает себя больной около 2 лет, появились 
жалобы на постепенное утолщение кожи голеней и стоп, болезненные трещины. 
Неоднократно обращалась к дерматовенерологу, хирургу по месту жительства. 
Выставлялись различные диагнозы: хроническая экзема, лимфостаз. Назначалась 
общая противовоспалительная терапия (десенсибилизирующие средства, 
ангиопротекторы, глюкокортикостероиды) и местное лечение (топические 
глюкокортикостероиды, смягчающие средства), без эффекта. Обьективно кожа 
голеней и стоп уплотнена, в складку не собирается, при пальпации безболезненна, 
при надавливании ямки не остаются. Цвет очага бледно-розовый без четких границ. 
Отмечается диффузная лихенификация кожи голеней и стоп. На фоне поражения 
имеются выраженные глубокие поперечные складки и трещины с увеличением 
обьема конечностей (рис. 1). 

Гистологическое исследование кожи в эпидермисе – выраженный гиперкератоз, 
умеренная атрофия эпидермиса со сглаживанием дермальных сосочков, 
расширение сосудов верхней части дермы с незначительной периваскулярной 
лимфоидной инфильтрацией. Коллагеновые волокна частично разволокнены, 
между волокнами голубоватые отложения муцина. 

При исследовании общих, биохимических анализов крови и мочи патологии не 
выявлено. Гормоны щитовидной железы: свободный Т4 26.0 пмоль/л (норма 9-22 
пмоль/л) тиреотропный гормон (ТТГ) менее 0.0025 мЕд/л) антитела к рецепторам 
ТТГ более 40 Ед/л. При УЗИ выявлены диффузные изменения щитовидныой 
железы, гиперваскуляризация ткани. Осмотром окулиста при компьютерной 
томографии орбит выявлена картина нейроэндокринного экзофтальма. 

На основании лабораторных исследований, клинической и гистологической кар-
тины выставлен предварительный диагноз – претибиальная микседема. Пациент 
направлен на консультацию к эндокринологу. 
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Рис. 1 

Заключение эндокринолога: диффузно – токсический зоб 1 ст. (ВОЗ), форма 
средней степени тяжести, медикаментозный эутиреоз. Аутоиммунная офталь-
мопатия – II степени, активная фаза, форма – тяжелая. Проведено лечение – 
тирозол – 5 мг в сутки, метипред – 500 мг на 200 мл физиологического раствора 
№6, затем преднизолон – 60 мг в сутки с последующим снижением. Параллельно 
назначены окклюзионные повязки со смягчающими противовоспалительными 
средствами – 2% салициловая мазь, на трещины – метилурациловая мазь. 

При повторном осмотре после 2 мес. лечения инфильтрация кожи значительно 
уменьшилась, пациентка смогла носить обувь. 

Таким образом, правильно установленный диагноз позволил выявить заболевание щи-
товидной железы, а адекватная терапия привела к улучшению кожного процесса. 
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pretibialuri miqsedema, rogorc farisebri jirkvlis 

paTologiis dermatologiuri niSani 

nino v. ciskariSvili,  nino i. ciskariSvili,  nino nikuraZe,  

ciskari i. ciskariSvili 

Tbilisis saxelmwifo samedicino universiteti, saqarTvelo 

reziume 

pretibialuri miqsedema (pm), romelic kanis Tireoiduri xasiaTis cvlilebiT 

mimdinareobs, iSviaTi dermatozia. misi ganviTareba dakavSirebulia dis-

TireozTan (farisebri jirkvlis funqciis darRveva). varaudoben, rom 

hipoTireozi iwvevs lokalur an difuzur miqsedemas, xolo pretibialuri 

miqsidemis mizezs hiperTireozi warmoadgens. pretibialur miqsedemasTan 

erTad xSirad sxva simptomebic vlindeba – Tireotoqsikozi (farisebri 
jirkvlis hipertrofiis fonze), oftalmopaTia (egzoftalmi), akropaqia 
(dolis joxebis simptomebi). daavadebis ganviTarebis meqanizmi ucnobia. 

kvlevebis monacemebiT, farisebri jirkvlis hormonebi moqmedeben muko-

polisaqaridebis sinTezsa da katabolizmze da fibroblastebis mier 

kolagenebis sinTezze. varaudoben pm autoimunur meqanizms. cirkulirebad 

sisxlSi citokinebi da zrdis faqtorebi astimulireben fibroblastebis 

proliferacias, rac Semdeg iwvevs kanSi glikozaminoglikanebis dagrovebas. 
Cven mier aRwerilia pirvelad diagnostirebuli toqsikuri Ciyvis fonze 
pretibialuri miqsedemis klinikuri SemTxveva. 

PRETIBIAL MYXEDEMA AS A DERMATOLOGICAL SYMPTOM OF 
THYROID GLAND PATHOLOGY 

Nino V. Tsiskarishvili,  Nino I. Tsiskarishvili,  Nino Nikuradze,  
Tsiskari I. Tsiskarishvili 

Tbilisi State Medical University, Georgia 

SUMMARY 

Pretibial myxedema is a form of diffuse mucinosis, in which there is an accumulation of excess 
glycosaminoglicans in the dermis and the surface of the skin. Glycosaminoglicans also called 
mucopolysaccharides are complex carbohydrates that are important for tissue hydration and 
lubrication.The main glycosaminoglycan in pretibial myxedema is hyaluronic acid, which is made 
by cells called fibroblasts. Pretibial myxedema is also known as localized myxedema, thyroid 
dermatopathy and infiltrative dermatopathy. 

In this article we report the case of pretibial myxedema, which has developed in a 70 years old 
female patient with newly diagnosed diffuse toxic goiter. 
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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 Sinaarsis 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 Sylfaen, 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, dasaSvebia agreTve 

mkafio Sav-TeTri originalebis (naxazebis an naxatebis) saxiTac (ara-

eleqtronuli). 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 eleqtronuli fostis 

meSveobiT sokhadzedodo@yahoo.com, dodo soxaZe (599-298-348, 555-912-929) an iv. 

beritaSvilis eqsperimentuli biomedicinis centrSi, l. goTuas q., 14, prof. 

g. beqaia (599-587-027), an prof. n. miTagvaria (599-304-104). 
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