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saxelovani mamuliSvili 

akademikosi malxaz zaaliSvili - 100 

mravalmxriv gamorCeuli adamianis, didi mecnieris, didi biofi-

zikosis, akademikos malxaz zaaliSvilis cxovreba da moRvaweoba 

samagaliToa yvela qarTvelisTvis. gasuli saukunis 50-iani, 60-iani 

wlebis mijnaze batoni malxaz zaaliSvilis ZalisxmeviT saqarT-

veloSi safuZveli Caeyara molekuluri biologiisa da biologiuri 

fizikis ganviTarebas. mogvianebiT, man daaarsa saqarTvelos mecnie-

rebaTa akademiis molekuluri biologiisa da biologiuri fizikis 

instituti, agreTve, biomakromolekulebis fizikis kaTedra Tbili-

sis ivane javaxiSvilis saxelmwifo universitetSi. batonma malxazma 

Seqmna Tavisi skola, iyo saqarTveloSi biologiuri makromoleku-

lebis fizikur-qimiuri kvlevebis fuZemdebeli. akademikos malxaz 

zaaliSvilis Sromebi kunTis fizikur-qimiuri organizaciis kvle-

vis sferoSi qarTuli mecnierebis TvalsaCino miRwevas warmoadgens. 

malxaz zaaliSvils hqonda mravalmxrivi ganaTleba zust da 

sabunebismetyvelo mecnierebebSi. 1941 wels daamTavra ivane javaxi-

Svilis saxelobis universitetis qimiis fakulteti fizikuri qimiis 

specialobiT. amasTan, qimiis fakultetze swavlis paralelurad, 

rogorc Tavisufalma msmenelma, fizika-maTematikis fakultetzec 

gaiara sruli kursi. gamorCeulma studentma, sxvadasxva obieqturi 

Tu subieqturi xelisSemSleli mizezebidan gamomdinare, mxolod 3 

wlis Semdeg, 1944 wlidan SeZlo swavlis gagrZeleba aspiranturaSi 

bioqimiis specialobiT. bioqimiis mimarTulebis arCeva ki mniSvne-

lovnad ganapiroba cnobili mecnieris, uniWieresi bioqimikosis, 

qarTlos axvledianis samecniero interesebma da pirovnulma xiblma. 

1946 wlidan SesaZlebloba mieca sadisertacio naSromze muSaoba 

gaegrZelebina moskovSi, gamoCenili mecnieris, vladimer engelgard-

tis xelmZRvanelobiT. am SesaniSnav, maRali donis mecnierTan da 

inteleqtualTan urTierTobam mniSvnelovnad gansazRvra malxaz 

zaaliSvilis Semdgomi samecniero moRvaweobis erT-erTi mTavari 

mimarTuleba – biologiuri Zvradobis problemebis kvleva, rac 

sxva bevr sakiTxTan erTad, sicocxlis bolo dRemde misTvis 

Seucvlel samecniero interess warmoadgenda. amitomac iyo, albaT, 

rom baton engelgardts xSirad `samecniero moZRvrad~ moixseniebda 

da mis fotos aTeuli wlebis ganmavlobaSi, sicocxlis bolomde, 
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samuSao magidaze ucvleli, gansakuTrebuli adgili hqonda 

gankuTvnili. 1949 wels daicva sakandidato disertacia. 

akademikosma engelgardtma axalgazrda mecniers moskovSi darCena 

da laboratoriis xelmZRvaneloba SesTavaza, magram misTvis, 

rogorc WeSmariti mamuliSvilisa da patriotisTvis, sxva arCevani 

ar arsebobda, gadawyvetili hqonda samSobloSi dabruneba. miT 

umetes, rom saqarTveloSi meuRle da cxovrebis erTguli Tanam-

gzavri, Sura gvelesiani eloda, romelic Tavad samecniero-

akademiuri sferos warmomadgeneli, batoni malxazis mTeli sa-

mecniero da sazogadoebrivi moRvaweobis ganmavlobaSi, aspiran-

tobidan akademikosobamde, misi samecniero niWis Tayvanismcemeli da 

saqmianobis Tavdauzogavi mxardamWeri iyo. male vaJi, Tengiz 

zaaliSvili – misi gvaris da samecniero saqmianobis erTguli da 

warmatebuli gamgrZelebeli, amJamad saqarTvelos mecnierebaTa 

erovnuli akademiis wevr-korespondenti moevlina. 

saqarTveloSi samecniero gzis dasawyisi rTuli aRmoCnda. 1951 

wels malxaz zaaliSvili iZulebuli gaxda Tbilisidan gorSi 

gadasuliyo da goris pedagogiur institutSi gaegrZelebina saqmia-

noba, sadac docentis Tanamdeboba ekava da kiTxulobda leqciebs 

araorganul, organul da fizikur qimiaSi. batoni malxazi 1956 

wels dabrunda TbilisSi da muSaoba ganagrZo saqarTvelos 

mecnierebaTa akademiis fiziologiis institutSi ufrosi mecnier-

TanamSromlis Tanamdebobaze. 

gasuli saukunis 50-ian wlebSi, roca CvenSi fexs idgamda mec-

nierebis axali dargi – biofizika, m. zaaliSvilma, pirvelma, 

Seadgina biologiuri fizikis zogadi kursis programa da 1956 wli-

dan uZRveboda biologiuri fizikis kurss Tbilisis saxelmwifo 

universitetSi. 1962 wels, amave universitetis fizikis fakultetze 

man Camoayaliba specializacia `biofizika~, romlis bazaze 

SemdgomSi Seiqmna makromolekulebis fizikis kaTedra, sadac igi 

kiTxulobda leqciebs zogad da ujredis biofizikaSi, aseve, 

molekulur biologiaSi. 1962 wels, didi qarTveli mecnieris ivane 

beritaSvilis iniciativiT fiziologiis institutSi daarsda sa-

qarTveloSi biofizikis pirveli laboratoria, romelsac saTaveSi 

Caudga ukve gamocdili mecnieri malxaz zaaliSvili. swored am 

droidan ukavSirdeba mis saxels saqarTveloSi Tanamedrove 

biologiis iseTi dargebis ganviTareba, rogoricaa biofizika da 

molekuluri biologia. 

didma mecnierulma da organizatorulma niWma malxaz zaaliSvils 

saSualeba misca Tavis garSemo Semoekriba mkvlevarTa didi koleq-

tivi, romelic maRal doneze Seiswavlida biofizikis Tanamedrove 
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sakiTxebs. laboratoriaSi damuSavebuli problemebis aqtualobam 

da mniSvnelobam ganapiroba misi biofizikis seqtorad gardaqmna. 

1986 wels ki seqtoris bazaze daarsda saqarTvelos mecnierebaTa 

akademiis molekuluri biologiisa da biologiuri fizikis insti-

tuti. institutis pirvel direqtorad batoni malxaz zaaliSvili 

iyo arCeuli da igi mas 2000 wlamde Seucvlelad xelmZRvanelobda. 

es, faqtobrivad, malxaz zaaliSvilis xelmZRvanelobiT miRebuli 

samecniero kvlevebis Sedegebis didi mniSvnelobis aRiareba da 

dadastureba iyo. dRes instituti funqciobas ganagrZobs ivane 

beritaSvilis eqsperimentuli biomedicinis centris farglebSi. 

1972 wels malxaz zaaliSvilma moskovSi, sabWoTa kavSiris mec-

nierebaTa akademiis biofizikis institutis samecniero sabWos 

sxdomaze daicva sadoqtoro disertacia, 1974 wels mas mieniWa 

profesoris wodeba biofizikaSi. 1979 wels malxaz zaaliSvili 

arCeuli iyo saqarTvelos ssr mecnierebaTa akademiis wevr-kore-

spondentad, xolo 1988 wels – saqarTvelos mecnierebaTa akademiis 

namdvil wevrad. 1990-2004 wlebSi igi gaxldaT saqarTvelos mecnie-

rebaTa akademiis biologiis ganyofilebis akademikos-mdivani, 2004–

2006 wlebSi – saqarTvelos mecnierebaTa akademiis prezidiumis 

mrCeveli. 

batoni malxazis xelmZRvanelobiT molekuluri biologiisa da 

biologiuri fizikis institutSi kvlevebi warmoebda Tanamedrove 

biologiis sxvadasxva mimarTulebebiT, rogoricaa: biologiuri 

moZraobis biofizika, biologiuri makromolekulebis fizika-qimia, 

genomis molekuluri organizacia. 

1963-1968 wlebSi, pirvelad, malxaz zaaliSvilis xelmZRvanelobiT 

dadgenil iqna, rom mitoqondriebi ar Seicavs miozinis msgavs 

cilas da amdenad, mitoqondriebis moculobis cvlileba ar efuZ-

neba aqtin-miozinis urTierTqmedebas, rac SemdgomSi daadastures 

amerikelma mecnierebma. gajirjvebuli mitoqondriis SekumSva ganpi-

robebulia inozitol fosfatidiT, romelic aaqtivebs aramiozinur 

ATP-azas. amiT Seicvala azri imis Sesaxeb, rom mitoqondriebis mo-

culobis cvlilebas SeeZlo didi samsaxuri gaewia kunTis Se-

kumSvis meqanizmis Seswavlis saqmeSi. 

malxaz zaaliSvilisa da TanamSromlebis mier dawvrilebiT iqna 

Seswavlili modificirebuli meTodiT miRebuli sufTa α-aqtininis 
da sxva cilebis molekulis zomebi da fizikur-qimiuri Tvisebebi. 

pirvelad, naCveneb iqna, rom α-aqtininis molekula Sedgeba ori 

identuri suberTeulisgan da TiToeuli maTgani Seicavs or 

asimetriulad ganlagebul domens. molekuluri biologiis me-
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TodebiT, pirvelad dadginda α-aqtininis N-naxevris (30 kd) aminomJa-

vuri Tanmimdevroba (pirveladi struqtura), rasac didi mniSvne-

loba hqonda am cilis Semdgomi kvlevisTvis. 

me-20 saukunis 50-iani wlebidan cnobili gaxda, rom kunTi, garda 

ZiriTadi SekumSvadi cilebisa, Seicavs didi molekuluri masis 

mqone e.w. gigantur cilebs: titins, nebulins da gluv kunTSi aRmo-

Cenil cilas – smitins. jer kidev 1984 wels, malxaz zaaliSvilis 

xelmZRvanelobiT, rentgenostruqturuli meTodiT dadgenili iyo, 

rom giganturi cila titini Seicavs kolagenis tipis fragments. es 

monacemebi adasturebs, rom titinis molekulis ori mesamedi 

warmoadgenilia β-struqturis, xolo erTi mesamedi – marcxena 

spiralis saxiT. damuSavda natiuri sufTa titinis miRebis meTodi 

da Seswavlil iqna misi zogierTi fizikur-qimiuri Tviseba. pirve-

lad, malxaz zaaliSvilisa da TanamSromlebis mier, naCvenebi iyo, 

rom giganturi cila smitini Sedis arakunTovani ujredebis Se-

madgenlobaSi (tvini, RviZli). 

60-iani wlebidan malxaz zaaliSvili iwyebs muSaobas kidev erT 

mniSvnelovan problemaze. is intensiurad ikvlevs im procesebis 

maregulirebel fermentebs, romlebic safuZvlad udevs genetikuri 

informaciis gadacemas. kerZod, misi xelmZRvanelobiT Seiswavleba 

is fermentebi, romlebic aregulirebs replikaciisa da transkrip-

ciis procesebs arqibaqteriebsa da eukariotebSi. 

malxaz zaaliSvilisa da TanamSromlebis mier gamoyofili da ga-

sufTavebul iqna dnm-damokidebuli rnm-polimeraza virTagvis Tavis 

tvinis birTvebidan. Termofiluri organizmebidan miRebuli iyo 

Termostabiluri dnm-damokidebuli dnm-polimerazas sufTa prepa-

rati, romlis SezRuduli hidrolizis Sedegad gamoyofil iqna 

dabalmolekuluri fragmenti. es ukanaskneli ki gamoyenebuli iyo 

Sidsis diagnostikaSi. 

70-iani wlebidan malxaz zaaliSvili TanamSromlebTan erTad iw-

yebs aminomJavebis Semcveli axali tipis maRalmolekuluri naerTe-

bis qimiuri sinTezis kvlevas (bunebrivi cilebis sinTezuri ana-

logebi), SemuSavda heterojaWvuri polimerebis sinTezis axali 

meTodi, e.w. `aqtivirebuli polikondensacia~, romelic, polimerebis 

sinTezis aqamde cnobil tradiciul meTodebTan SedarebiT, gamoir-

Ceva Tavisi simartiviT. aRniSnuli meTodi saSualebas iZleva sinTe-

zirebul iqnas polimeruli matarebeli xangrZlivi moqmedebis 

samkurnalo preparatebisa da advilad ganwovadi samedicino daniS-

nulebis polimerebis misaRebad, romelTac SeuZliaT Secvalon 

ZviradRirebuli bunebrivi warmoSobis masalebi. 
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samecniero kvlevebis ganxorcielebis procesSi, misi xelmZRvane-

lobiT Seiqmna mTeli rigi originaluri meTodebi da danadgarebi, 

maT Soris: danadgari, romlis saSualebiT SesaZlebeli gaxda erTi 

da igive sinjSi, erTdroulad gansazRvruliyo SekumSvadi sistemis 

suspenziis superprecipitaciisa da ATP-azuri reaqciis siCqare, 

ramac SesaZlebeli gaxada biologiuri Zvradobis WeSmariti me-

qanizmis dadgena; konstruirebuli iyo kalorimetri, romlis ga-

moyenebiT dadgenil iqna mravali maRalmolekuluri, biologiurad 

mniSvnelovani naerTebis (dnm, kunTis cilebi) lRobis procesis 

Termodinamikuri parametrebi da sxv. 

malxaz zaaliSvilis mier dadgenili eqsperimentuli faqtebi da 

movlenebi Sevida 1971 wels gamocemul mis monografiaSi – `kunTis 

SekumSvis fizikur-qimiuri safuZvlebi~, romelic dResac iTvleba 

samagido wignad specialistebisTvis. Jurnal bioqimiaSi (Биохимия 
АН СССР, т. 39, №3, стр. 672-673, 1974) gamoqveynebuli recenziis 

Tanaxmad, malxaz zaaliSvilis monografia `SeiZleba ganxilul 

iqnas bolo wlebSi gamoqveynebul kunTis SekumSvis fizikur-

qimiuri problemebisadmi miZRvnil monografiebs Soris erT-erT 

yvelaze ufro fundamentur monografiad, romelSic avtori 

ayalibebs biologiuri Zvradobis mniSvnelovan problemebs, xolo 

mis daskvniT nawilSi gamoyofs uaxloes momavalSi Sesaswavl sa-

kiTxebs~. 

akademikosi malxaz zaaliSvili aris 14 gamogonebis da 250 sa-

mecniero naSromis avtori. misi xelmZRvanelobiT Sesrulebulia 10 

sadoqtoro da 45 sakandidato disertacia. piradad batoni malxazi 

da misi xelmZRvanelobiT TanamSromlebi uSurvelad exmarebodnen 

sxvadasxva instituciebis warmomadgenlebs samecniero kvlevebis 

ganxorcielebaSi. 

malxaz zaaliSvili iyo saqarTvelos mecnierebisa da teqnikis 

saxelmwifo komitetTan da saqarTvelos mecnierebaTa akademiis pre-

zidiumTan arsebuli bioteqnologiisa da fizikur-qimiuri biolo-

giis problemebis sauwyebaTaSoriso samecniero teqnikuri sabWos 

Tavmjdomare, saqarTvelos mecnierebaTa akademiis biofizikis prob-

lemebis samecniero sabWos Tavmjdomare, sabWoTa kavSiris mecniere-

baTa akademiis samecniero sabWos `biologiuri sistemebis funqcio-

bis fizikuri principebi~-s biologiuri moZraobis seqciis Tav-

mjdomare, saqarTvelos mecnierebaTa akademiis Jurnal `moambis~ da 

Jurnal `mecniereba da teqnikis~ redkolegiebis wevri, mravali 

wlis ganmavlobaSi ori sakavSiro Jurnalis – `biofizika~ da 

`molekuluri biologia~ saredaqcio sabWoebis wevri, `sevi~-s wevri 

qveynebis sakoordinacio centris eqsperti. 
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akademikosi malxaz zaaliSvili iyo kunTis SekumSvis bioqimiisa da 

biofizikis sakiTxebisadmi miZRvnili meore (1968 w.), meoTxe (1974 w.) 

da merve (1987 w.) simpoziumebis organizatori, amierkavkasiis I, II da 

III regionaluri skolis xelmZRvaneli (mieZRvna molekuluri bio-

logiisa da biologiuri fizikis mniSvnelovan Temas – `biolo-

giuri makromolekulebis struqtura da funqcia~), mravali saer-

TaSoriso da sakavSiro simpoziumis, yrilobisa da kongresis mo-

nawile, sadac misi moxsenebebi maRal Sefasebas imsaxurebda, maT 

Soris: kembrijSi gamarTuli simpoziumis (mieZRvna biologiuri 

fizikis problemebs, 1968 w.), biofizikosTa meore (vena, 1966 w.), 

mesame (bostoni, aSS, 1969 w.) da meoTxe (moskovi, 1972 w.) saerTa-

Soriso kongresebis, `sevis~ qveynebis urTierTTanamSromlobis 

programis eqspertebis samecniero konferenciis (praRa, 1985 w.) da 

sxv. 

wlebis ganmavlobaSi batoni malxazi xelmZRvanelobda saqarTve-

los mecnierebaTa akademiis centralur samecniero biblioTekas da 

Tavdauzogavad zrunavda aRniSnuli biblioTekis funqciobis ga-

saumjobeseblad, rasac uaRresad did mniSvnelobas aniWebda mec-

nierTa da studentTa warmatebuli saqmianobisTvis. 

didia malxaz zaaliSvilis, rogorc pedagogisa da mecnier-xel-

mZRvanelis amagi saqarTveloSi biofizikisa da molekuluri bio-

logiis specialistTa Taobebis aRzrdis saqmeSi, misi moswavleebi 

warmatebiT saqmianoben saqarTvelos da ucxoeTis maRali reitingis 

mqone samecniero akademiur dawesebulebebSi. akademikos malxaz 

zaaliSvilis, rogorc saqarTvelos mecnierebaTa akademiis biolo-

giis ganyofilebis akademikos-mdivnisa da saqarTvelos mecnierebaTa 

akademiis biblioTekis direqtoris saqmianobam mniSvnelovnad Seu-

wyo xeli samecniero da saorganizacio saqmianobis ganviTarebas Se-

sabamis instituciebSi. misi saocari organizaciuli unari, dau-

cxromeli energia, enTuziazmi da maRali profesionalizmi yovel-

Tvis misabaZ magaliTs warmoadgenda kolegebisTvis, TanamSrom-

lebisa da, gansakuTrebiT, axalgazrda mkvlevarebisTvis. 

batoni malxazis ganvlili gza samagaliTo da stimulis mimcemi 

aRmoCnda misi STamomavlebisTvis. ufrosi SviliSvili giorgi 

zaaliSvili, maRali kvalifikaciisa da maRali rangis mecnieri 

molekuluri biologiis sferoSi, didi avtoritetiT sargeblobs 

samecniero wreebSi rogorc qveynis SigniT, ise mis farglebs 

gareT. misi naSromebi ibeWdeba msoflios prestiJul, maRalrei-

tingul akademiur gamocemebSi. mecnieris rTuli da sapasuxis-

mgeblo gza, oRond sruliad gansxvavebuli mimarTulebiT, airCia 

misma kidev erTma SviliSvilma irakli kobaxiZem – ganaxlebuli, 
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qveynis Tvisebrivad axali mTavari kanonis, WeSmaritad evropuli 

standartebis konstituciis Semoqmedma da avtorma. 

malxaz zaaliSvils didi Rvawli miuZRvis 1989 wlis 9 aprilis 

movlenebis obieqtur SefasebaSi. is iyo 9 aprils momxdari ambebis 

garemoebaTa gamomkvlevi komisiis Tavmjdomaris moadgile da amave 

komisiis qimiur-toqsikologiuri qvekomisiis Tavmjdomare. misi 

xelmZRvanelobiT dadgenil iqna 3 momwamvleli nivTiereba – 

qloracetofenoni, si-esi (CS) da qlorpikrini, romlebic sabWoTa 

jaris mier gamoyenebuli iyo mSvidobiani mitingis darbevisas. 

kvlevebSi molekuluri biologiisa da biofizikis institutis 

mecnier-TanamSromlebTan erTad, TviTonac uSualod iyo CarTuli. 

qvekomisiis mier gaweul samuSaoTa daskvnaSi, romelsac xels 

malxaz zaaliSvili awerda (gamoqveynebulia 1989 wlis 23 maiss, 

gazeT `komunistSi~), dafiqsirebuli iyo: `jarebis mier respublikis 

mSvidobiani mosaxleobis mimarT ganxorcielebuli iyo yovlad 

gaumarTlebeli barbarosuli aqcia qimiuri momwamvleli nivTie-

rebebis gamoyenebiT, romelTa gamoyenebis arc moraluri, arc iuri-

diuli ufleba maT ar hqondaT.~ sabWoTa xelisuflebis periodSi 

am Sedegebis gamoqveynebas didi moqalaqeobrivi gambedaoba sWir-

deboda. qvekomisiis saqmianobis Sedegad dadgenili faqtebi uyoyma-

nod iqna aRiarebuli sakavSiro komisiis mier, romelsac anatoli 

sobCaki Tavmjdomareobda. maSin aravin icoda, daiSleboda Tu ara 

sabWoTa kavSiri da Tu daiSleboda, rogori iqneboda ngrevis 

procesi, ra saxis represiiT Seexeboda is TiToeul adamians da 

gansakuTrebiT mas, vinc mniSvnelovan rols Seasrulebda qveynis 

damoukideblobisTvis brZolaSi. am procesSi Tavmjdomaris pozicia 

da qmedebebi iyo gadamwyveti mniSvnelobis – qvekomisia didi wnexis 

pirobebSi muSaobda da swored Tavmjdomares unda gamoeCina 

gansakuTrebuli simtkice, raTa gamklaveboda zewolis TiToeul 

gamovlinebas. malxaz zaaliSvilma es misia pirnaTlad da Rir-

seulad Seasrula. aRsaniSnavia, rom komisiis saqmianobis Sedegebis 

uaRresad didi mniSvnelobidan gamomdinare, gardacvlilTa nivTebs, 

rogorc mtkicebulebebs is wlebis ganmavlobaSi inaxavda labo-

ratoriaSi. pasuxismgeblobis gacnobierebasTan erTad, misTvis es 

iyo mudmivi tkiviliTa da sevdiT gajerebuli wlebi. 

1997 wels akademikosi malxaz zaaliSvili dajildovda `saqarT-

velos Rirsebis~ ordeniT. 

sicocxlis bolomde batoni malxazi garSemomyofT ancvifrebda 

SesaSuri mexsierebiT, uSreti energiiT, mecnieruli SorsmWvrete-

lobiT, yovelive axlis Semecnebisa da Senebisken dauokebeli 

swrafviT, rasac Tavad misi sami mTavari TvisebiT xsnida: ar 
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icoda, ra iyo daRla; ar icoda, ra iyo Suri; ar icoda, ra iyo 

SiSi. 

TiTqmis saukunovani cxovrebis manZilze, araerTi tragedia da mZime 

gamocda mouvlina gangebam, Tumca, ar saubrobda maTze, gamouswo-

rebeli optimisti iyo. ramdenime mZime epizodi Tu gauxsenebia misi 

cxovrebidan, isic, sibereSi, 90 wlis Semdeg. 

daibada mcxeTaSi, deduleTSi, 1920 wlis 27 seqtembers, damouki-

debel saqarTveloSi. damoukideblobis dakargvis Semdeg, roca 

patara malxazi sul ramdenime Tvis iyo, mSoblebma axali reJimidan 

Tavis daRwevis mizniT, safrangeTSi gamgzavreba gadawyvites. Tumca, 

ukve gemze asulma dedam, Tavadis qalma rusudan gedevaniSvilma, 

romlis ojaxs udidesi materialuri da sulieri ziani miadga 

sabWoTa xelisuflebis mxridan, gamgzavrebis gadawyvetilebamdec 

da merec, ver gauZlo samSoblos datovebiT gamowveul tkivils da 

gemis daZvramde ramdenime wuTiT adre, meuRlesTan erTad gembani 

datova da saxlSi dabrunda. bavSvobis sanukvar periodad bebias-

Tan, daria falavandiSvilTan mcxeTaSi gatarebul dros Tvlida, 

amitom misTvis gansakuTrebiT Zvirfasi iyo mcxeTa, dedaTa mo-

nasteri, sadac moinaTla da siyrmis naTesav-megobrebi hyavda. didi 

survili hqonda mcxeTaSi ecxovra da ukanaskneli sasufevelic iq 

daedo, magram ver aisrula ocneba. 

skolaSi Zalian kargad swavlobda, gansakuTrebiT maTematika 

uyvarda. SesaniSnavi maswavlebeli hyavda – vaso abduSeliSvili. 

maTematikis fakultetze Cabareba gadawyvita, magram ver Caabara, im 

wels yvela adgili medalosnebma Seavses. leqsebs ver an ar swav-

lobda zepirad da amis gamo, cnobil maswavlebels, varo var-

diaSvils xuTosani moswavlisTvis qarTulSi samiani gamouyolebia. 

ase moxvda qimiis fakultetze, magram amas ar daubrkolebia 

qimiasTan erTad, maTematikisa da fizikis Seswavla ar miutovebia. 

studentoba meore msoflio omis periods daemTxva. yvelas uWirda, 

zaaliSvilebis ojaxsac. malxazma universitetSi swavlis parale-

lurad veraze mdebare bukinistur maRaziaSi daiwyo muSaoba. sul-

mouTqmelad eloda pirvel xelfass, romelsac faqtobrivad SimSi-

lisgan unda exsna. am periodSi maRaziam misTvis Zalian saintereso 

ramdenime wigni miiRo. wignebi rom eyida, TiTqmis mTel xelfasze 

uari unda eTqva da eSimSila. asec moiqca – wignebi iyida... da ase 

iyo Semdegac, materialuri gasaWiris miuxedavad, fuladi anaz-

Raurebis nacvlad, misive TxovniT, xSirad wigni mihqonda saxlSi, 

amitom rudunebiT Seqmnili piradi biblioTekis Taroebze mo-

Tavsebul TiToeul wigns, TiTqos fizikur gadarCenaze sulieri 
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gadarCenis (rasac malxazi ganaTlebaSi xedavda), gamarjvebis gan-

cda axlda Tan. genetikurad aseTi iyo, wignis da mecnierebis siyva-

ruli ojaxidan dahyva, mama pedagogi da ekonomisti, farTo ganaT-

lebis mqone adamiani gaxldaT, deda – pedagogi da bibliografi. 

batoni malxazis biblioTekaSi gamorCeuli adgili ekavaT Wabua 

amirejibis `daTa TuTaSxias~ erT-erT pirvel egzemplars da av-

tobiografiul romans `gora mborgali~. pirvel maTgans avtoris 

warwera amSvenebs: `Suras da malxazs! ra ar moxdeba qveyanaze, 

ara?~. meore maTganSi ki, cixidan Wabuas erT-erTi gaqcevaa 

aRwerili, Tu rogor Seifares mZime braldebiT patimrobamisjili 

da sapatimro adgilidan gaqceuli megobari sakuTar saxlSi 

malxazma da misme meuRlem. es sisxliani 40-iani wlebSi iyo, roca 

msgavs saqcielze adamianebs daxvreta Tu ara, gacimbireba mainc 

elodaT. malxazs `karze kakunis~ da sikvdilis SiSi megobris 

erTgulebam da siyvarulma daaZlevina. esec, am pirovnebis Tval-

saCino biografiis mniSvnelovani `detalia~. 

SiSis grZnoba arc Semdgom periodSi hqonia, yovelTvis aqtiuri da 

Rirseuli moqalaqeobrivi pozicia ekava. misTvis, rogorc moqala-

qisa da mecnierisTvis, umZimesi aRmoCnda `nacmoZraobis~ mmarTve-

lobis periodic. avtoritaruli reJimis winaaRmdeg gamarTuli arc 

erTi saprotesto aqcia ar gamoutovebia da yovelTvis poulobda 

saSualebas, gamoexata ukompromiso pozicia xelisuflebis aramar-

Tebul gadawyvetilebebTan dakavSirebiT. is Seurigebeli iyo am 

periodSi samecniero sistemaSi ganxorcielebul gauazrebel re-

formebTan, rac mis mier dafuZnebul molekuluri biologiisa da 

biologiuri fizikis institutsac Seexo – yovelgvari dasabuTebisa 

da strategiis gareSe instituti likvidirebul iqna. rogorc Tavad 

ambobda, mesame Svili moukles. 

Znelbedobebisa da mravali subieqturi da obieqturi winaaRmde-

gobis miuxedavad, mainc ar ganelebia samecniero kvlevis daucxro-

meli interesi. sicocxlis bolo wlebSi, rogorc samecniero kon-

sultanti, aqtiurad moRvaweobda ivane beritaSvilis eqsperimen-

tuli biomedicinis centrSi. aTwlian samomavlo gegmebs adgenda. 

simboluria, rom avadmyofobis gamo, gardacvalebamde mxolod sami 

dRe icxovra sayvareli saqmis gareSe. baton malxazTan uka-

nasknelad, gamosamSvidobeblad misuli adamianebi mwuxarebas erTi 

fraziT gamoxatavdnen: `wavida da masTan erTad, epoqa dasrulda~. 

diax, epoqa dasrulda... da malxaz zaaliSvilma, im epoqis erT-

erTma gamorCeulma warmomadgenelma datova qarTuli mecnierebis 

uerTgulesi msaxuris naTeli magaliTi. momavali Taobebi swored 

aseTi magaliTebiT izrdebian, yalibdebian da qmnian did mecnierebas. 
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ИМЕНИТОМУ СЫНУ ГРУЗИИ 
АКАДЕМИКУ МАЛХАЗУ ЗААЛИШВИЛИ – 100 

Жизнь и деятельность многосторонне талантливого человека, большого ученого, 
биофизика, академика Малхаза Заалишвили является примером для всех грузин. На 
рубеже 50-60-х годов прошлого столетия, благодаря Малхазу Заалишвили в Грузии 
был заложен фундамент для развития молекулярной биологии и биофизики. Позже, 
он основал Институт молекулярной биологии и биофизики АН Грузии, а также 
кафедру биомакромолекулярной физики в Тбилисском государственном универ-
ситете имени Иване Джавахишвили. Малхаз Михайлович создал свою школу, стал 
основателем физико-химических исследований биологических макромолекул в 
Грузии. Труды академика Заалишвили в области исследований физико-химических 
организаций мышц являются наглядным примером успеха грузинской науки. 

Малхаз Михайлович получил многостороннее образование в точных и естествен-
ных науках. В 1941 году он окончил химический факультет Тбилисского государст-
венного университета им. Ив. Джавахишвили по специальности – физическая 
химия. Параллельно с учебой на химическом факультете как свободный слушатель, 
он прошел полный курс на физико-математическом факультете. Примечательному 
студенту по различным объективным или субъективным мешающим причинам, 
только через три года с 1944 года удалось продолжить учебу в аспирантуре по 
специальности биохимия. 

Выбор этого направления в значительной степени был обусловлен научным 
интересом и обаянием личности известного ученого, талантливого биохимика 
Картлоса Ахвледиани. В 1946 году представилась возможность продолжить работу 
над диссертацией в Москве под руководством выдающегося ученого Владимира 
Энгельгардта. Общение, работа с ученым и интеллектуалом такого высокого ранга 
в значительной степени определили одно из главных направлений в последующей 
научной деятельности Малхаза Михайловича, а именно, изучение проблем био-
логической подвижности, что вместе со многими другими вопросами до конца 
жизни представляло его неизменный научный интерес. Наверное, поэтому ака-
демика Энгельгардта Малхаз Михайлович часто упоминал как «научного 
наставника» и его фото десятилетия, до конца жизни занимало особое неизменное 
место на его рабочем столе. 

В 1949 году Малхаз Заалишвили защитил кандидатскую диссертацию. В. Энгель-
гардт предложил молодому ученому руководство лабораторией в Москве, но для 
Малхаза Михайловича как для настоящего патриота другого выбора не су-
ществовало, как вернуться на родину. К тому же, в Грузии его ждала жена, верная 
спутница жизни Шура Гвелесиани, которая сама была представителем научно-
академической сферы. На протяжении всей научной и общественной деятельности 
от аспирантуры до академика, она была поклонницей его научных способностей и 
не щадящим силы сторонником его интересов. Вскоре на свет появился его сын 
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Тенгиз Заалишвили – верный и успешный продолжатель фамилии и научной 
деятельности, в настоящем член-корреспондент АН Грузии. 

Начало научной дороги в Грузии оказалось трудным. В 1951 году Малхаз Заали-
швили был вынужден перевестись из Тбилиси в Гори, в Горииский педагогический 
институт, где в должности доцента читал лекции по неорганической, органической 
и физической химии. В 1956 году он вернулся в Тбилиси и продолжил работу 
старшим научным сотрудником в Институте физиологии АН Грузии. 

В 50-е годы прошлого века, когда у нас первые шаги делала новая отрасль науки – 
биофизика, Малхаз Заалишвили первым составил программу общего курса 
биофизики и с 1956 года возглавил курс биофизики в Тбилисском государственном 
университете. В 1962 году на том же физическом факультете университета, он 
основал специализацию – «Биофизика», на базе которой впоследствии была 
создана кафедра «Физика макромолекул», где Малхаз Михайлович читал лекции по 
общей и клеточной биофизике, а также по молекулярной биологии. В 1962 году по 
инициативе выдающегося грузинского ученого Ивана Бериташвили в Институте 
физиологии впервые в Грузии была создана лаборатория биофизики, которую и 
возглавил уже опытный ученый Малхаз Заалишвили. Именно с этого времени с его 
именем связывают развитие в Грузии таких областей современной биологии как 
биофизика и молекулярная биология. 

Незаурядные научные и организаторские способности позволили Малхазу 
Михайловичу собрать вокруг себя большой исследовательский коллектив, который 
на высоком уровне изучал современные вопросы биофизики. Актуальность и 
значение проработанных проблем обусловили преобразование лаборатории в 
сектор биофизики. В 1986 году уже на базе этого сектора был основан Институт 
молекулярной биологии и биофизики АН Грузии. Первым директором института 
был избран Малхаз Заалишвили и до 2000 года он оставался его неизменным 
руководителем. Это фактически было признанием и доказательством высокого 
уровня и большого значения результатов исследований под руководством Малхаза 
Заалишвили. Сегодня институт продолжает функционировать в составе Центра 
экспериментальной биомедицины имени Ивана Бериташвили. 

В 1972 году в Москве на научном совете Института биофизики АН СССР, М. 
Заалишвили защитил докторскую диссертацию, в 1974 году ему присвоена степень 
профессора. В 1979 году он избран членом-корреспондентом АН ГССР, а в 1988 
году – действительным членом АН Грузии. В 1990-2004 гг. являлся академиком-
секретарем Отделения биологии АН Грузии, в 2004-2006 гг. – советником 
Президиума АН Грузии. 

Под руководством Малхаза Михайловича в Институте молекулярной биологии и 
биофизики проводились исследования в различных направлениях современной 
биологии, таких как биофизика биологической подвижности, физико-химия макро-
молекул, молекулярная организация генома. 
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В 1963-68 гг. под руководством М. Заалишвили впервые было доказано, что 
митохондрии не содержат миозин-подобный белок и поэтому изменения объема 
митохондрий не основаны на актин-миозиновом взаимодействии, что впоследствии 
было подтверждено американскими учеными. Сокращение разбухших митохон-
дрий обусловлено инозитол фосфатидом, который активирует немиозиновую АТФ-
азу. Этими работами было изменено представление о том, что изучение объема 
митохондрий сильно поможет пониманию механизма мышечного сокращения. 

Малхазом Михайловичем и его сотрудниками модифицированным методом 
досконально были изучены полученный чистый α-актинин и другие белки, размеры 
их молекул и физико-химические свойства. Впервые было показано, что молекула 
α-актинина состоит из двух идентичных субъединиц и каждая из них содержит два 
асимметрично расположенных домена. Методами молекулярной биологии впервые 
была идентифицирована аминокислотная последовательность N-половины (30 кд) 
α-актинина (первичная структура), что имело большое значение для последующего 
изучения этого белка. 

С 50-х годов 20-го века стало известно, что мышца, кроме основных сокра-
тительных белков, содержит белки с большой молекулярной массой, так называе-
мые белки – гиганты: титин, небулин и белок, выявленный в гладкой мышце – 
смитин. Еще в 1984 году под руководством Малхаза Заалишвили рентгено-
структурным методом было показано, что гигантский белок титин содержит 
коллаген-подобные фрагменты. Эти данные доказали, что две трети молекулы 
титина представлены β-структурой, а одна треть – левой спиралью. Был разработан 
и усовершенствован метод получения нативного чистого титина и изучен ряд его 
физико-химических свойств. Впервые также было показано, что гигантский белок 
смитин входит в состав немышечных клеток (мозг, печень). 

С 60-х годов Малхаз Заалишвили начинает работать еще над одной важной 
проблемой. Он интенсивно изучает ферменты, регулирующие процессы, на 
которых основаны передачи генетической информации. В частности, под его руко-
водством исследуются ферменты, регулирующие репликационные и транскрип-
ционные процессы в архебактериях и эукариотах. Получены морфологические 
данные, свидетельствующие об уникальных особенностях транскрипционных 
единиц в экспериментальных архебактериях. Малхазом Заалишвили и его сотруд-
никами из ядер головного мозга крысы была выделена и очищена DNK-зависимая 
RNK-полимераза. Из термофильных организмов был получен чистый препарат 
термостабильной DNK-зависимой DNK-полимеразы, ограниченным гидролизом 
которой был выделен низкомолекулярный фрагмент. А этот фрагмент успешно был 
использован в диагностике СПИДа. 

С 70-х годов Малхаз Михайлович с сотрудниками начинает исследования хими-
ческого синтеза высокомолекулярных аминокислотосодержащих соединений 
нового типа – синтетических аналогов природных белков. Был разработан новый 
метод синтеза гетероцепочных полимеров, так называемый метод активированной 
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поликонденсации. Новый метод, по сравнению с ранее известными традиционными 
методами, выделяется простотой и, главное, дает возможность синтезировать 
полимерный переносчик лекарственных препаратов длительного действия; позво-
ляет синтезировать легко рассасывающие полимеры медицинского назначения, 
которые заменяют дорогостоящие природные материалы. 

В процессе научных исследований под руководством Малхаза Заалишвили был 
создан целый ряд оригинальных методов и приборов, в том числе устройство, 
позволяющее в одной и той же пробе одновременно определить суперпреци-
питацию и АТФ-азную скорость реакции в суспензии сократительной системы. Это 
дало возможность установить истинный механизм биологической подвижности. 
Сконструирован был калориметр, с помощью которого изучили термодинами-
ческие параметры процесса таяния многих высокомолекулярных биологически 
значимых соединений (ДНК, белки мышц). 

Экспериментальные факты и явления, изученные Малхазом Михайловичем 
Заалишвили, вошли в изданную в 1971 году монографию – «Физико-химические 
основы мышечного сокращения», которая и сегодня является настольной книгой 
для специалистов. Согласно рецензии, опубликованной в журнале «Биохимия» АН 
СССР, т. 39, N3, стр. 672-673, 1974, – «Монография М.М. Заалишвили может быть 
рассмотрена как одна из самых фундаментальных монографий среди монографий 
последних лет, посвященных физико-химической проблеме мышечного сокра-
щения. В ней автор рассматривает и обсуждает важные проблемы биологической 
подвижности, а в заключительной части выделяет актуальные вопросы, необхо-
димые изучить в ближайшем будущем». 

Академик Малхаз Заалишвили является автором 14 изобретений и 250 научных 
статей. Под его руководством выполнены 10 докторских и 45 кандидатских 
диссертаций. Лично Малхаз Михайлович и под его руководством сотрудники с 
неистощимой энергией и безотказно помогали представителям разных институций 
в осуществлении научных исследований. 

Малхаз Заалишвили был председателем Межотраслевого научно-технического 
совета по биотехнологии и проблемам физико-химической биологии, созданного 
при Государственном комитете по науке и технике и при Президиуме АН Грузии. 
Также Малхаз Михайлович был председателем научного совета АН Грузии по 
проблемам биофизики; был председателем секции по биологической подвижности 
научного совета АН СССР – «Физические принципы функционирования биологи-
ческих систем». Малхаз Заалишвили был членом редколлегии журналов АН Грузии 
«Моамбе» и «Наука и Техника». На протяжении многих лет был членом 
редакционного совета двух всесоюзных журналов – «Биофизика» и «Молекулярная 
биология» и экспертом Координационного центра стран членов «СЭВ». 

Академик Малхаз Заалишвили был организатором многих симпозиумов, посвя-
щенных биохимии и биофизике сокращения мышцы – II (1968 г.), IV (1974 г.) и 
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VIII (1987 г.); был руководителем Закавказской I, II и III региональных школ, 
которые были посвящены важной теме – «Структура и функция биологических 
макромолекул». 

Малхаз Михайлович был участником многих всемирных и всесоюзных симпо-
зиумов, съездов и конгрессов, где его ждали с большим уважением. Его доклады 
всегда заслуживали высокую оценку. Стоит отметить симпозиум в Кембридже 
(1968 г.), II конгресс биофизиков в Вене (1966 г.), III конгресс в Бостоне (1969 г.) и 
IV конгресс в Москве (1972 г.), а также научную конференцию экспертов 
программы взаимосотрудничества стран «СЭВ» (Прага, 1985 г.). 

Много лет Малхаз Заалишвили руководил Центральной научной библиотекой АН 
Грузии и неустанно трудился над улучшением ее функционирования, поскольку 
придавал особое значение библиотеке для успешной деятельности студентов и 
ученых. 

Большая заслуга Малхаза Михайловича как педагога и научного руководителя в 
воспитании в Грузии целого поколения специалистов биофизики и молекулярной 
биологии. Его многочисленные ученики успешно трудятся как в Грузии, так и за 
рубежом в научно-академических учреждениях высокого ранга. Деятельность 
академика М. Заалишвили как академика-секретаря Отделения биологии АН 
Грузии, как директора научной библиотеки, как директора Института моле-
кулярной биологии и биофизики АН Грузин значительно способствовала быстрому 
и успешному развитию научной и организационной деятельности в соответ-
ствующих институциях. Его незаурядные, удивительные организационные способ-
ности, неисчерпаемая энергия, энтузиазм и высокий профессионализм поражали 
окружающих и служили примером подражания для коллег, сотрудников и, 
особенно, для молодых исследователей. 

Пройденная жизненная дорога Малхаза Михайловича оказалась примером и 
стимулом не только для сына, но и для внуков. Старший внук Георгий Заалишвили 
стал высоко квалифицированным специалистом и ученым высокого ранга в сфере 
молекулярной биологии; пользуется большим авторитетом в научных кругах как 
внутри страны, так и за ее пределами. Его труды печатаются во всемирных 
престижных, высокорейтинговых академических изданиях. Трудную и ответ-
ственную дорогу ученого, только совсем в другом, юридическом направлении 
выбрал еще один внук – Ираклий Кобахидзе – творец и автор обновленного, в 
корне нового, истинно европейских стандартов главного закона страны – кон-
ституции. 

Неоценимый вклад Малхаз Заалишвили внес в объективную оценку событий 9 
апреля 1989 года. Он был заместителем председателя комиссии, изучающей эти 
события, а также был председателем химико-токсикологической подкомиссии. Под 
его руководством было установлено 3 отравляющих вещества: хлорацетофенон, си-
эс (CS) и хлорпикрин, которые использовали советские войска при разгоне мирного 
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митинга. Вместе с сотрудниками своего института Малхаз Михайлович сам лично 
участвовал во всех исследованиях. В заключении подкомиссии, подписанном 
М. Заалишвили и изданном 23 мая 1989 года в газете «Коммунисти» зафиксиро-
вано: против мирного населения республики войсками была осуществлена со-
вершенно неоправданная варварская акция с применением отравляющих 
химических веществ, на применение которых у них не было ни моральных, ни 
юридических прав. Издание таких выводов в период советской власти требовало 
большой гражданской смелости. Факты, установленные в результате деятельности 
подкомиссии безоговорочно были признаны всесоюзной комиссией, председателем 
которой был Анатолий Собчак. Тогда никто не знал, распадется ли Советский 
Союз, а если распадется, как пройдет этот процесс, какие репрессии коснутся 
каждого человека, а в особенности того, кто такую значительную роль сыграл в 
борьбе за независимость страны. В этом процессе позиция председателя и его 
действия имели решающее значение. Подкомиссия работала в условиях напря-
женности, под большим давлением и именно председатель должен был проявить 
особую непреклонность, чтобы противостоять многим силам. Малхаз Михайлович 
эту миссию выполнил добросовестно и достойно. Стоит отметить, что исходя из 
особого значения результатов работы подкомиссии, вещи погибших, как улики, 
несколько лет хранились в лаборатории института и эти годы, вместе с осознанием 
ответственности были пронизаны глубокой болью. 

В 1997 году академик Малхаз Заалишвили награжден орденом Чести. 

До последних дней жизни Малхаз Михайлович поражал окружающих завидной 
памятью, неисчерпаемой энергией, научной дальновидностью, обостренным чув-
ством нового, передового и неудержимым стремлением узнавать и строить новое. 
Все это он сам объяснял тремя принципами: не знаю, что такое усталость; не знаю, 
что такое зависть; не знаю, что такое страх. 

На протяжении своей долголетней, почти столетней жизни Малхаз Заалишвили 
столкнулся с предначертанной ему судьбой не одной трагедией и тяжелым экзаме-
ном, но он об этом не любил говорить. Жизнелюб, неисправимый оптимист, он с 
честью прошел через многие жизненные перипетии. Только после 90 лет он в кругу 
родных вспоминал о нескольких тяжелых эпизодах жизни. 

Малхаз родился в Мцхета, на родине матери 27 сентября 1920 года в независимой 
Грузии. После потери независимости, когда маленькому Малхазу было несколько 
месяцев, родители решили уехать во Францию, чтобы обезопасить семью от нового 
режима. Хотя поднявшись на корабль, мама – дворянка, княжна Русудан 
Гедеванишвили, чья семья понесла сильнейшие материальные и духовные потери 
от советской власти, не смогла вынести боль от расставания с любимой родиной и 
вместе с мужем покинула корабль за несколько минут до отплытия, и вернулась 
домой. Замечательным, радужным периодом детства Малхаз считал время, 
проведенное в Мцхета с бабушкой Дарьей Палавандишвили. Поэтому особо дорога 
ему была Мцхета, с его юношескими друзьями, родственниками, с Девичьим 
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монастырем, где его крестили. У него было большое желание жить в Мцхета и там 
найти последний покой, но этому не суждено было быть. 

В школе хорошо учился, особенно любил математику. У него был замечательный 
педагог Васо Абдушелишвили. Поступал на математический факультет, но в том 
году все места заняли медалисты. Стихи наизусть учить не любил, поэтому 
известная учительница Варо Вардиашвили – отличнику-ученику по грузинскому 
предмету в аттестат выставила тройку. Так он попал на химический факультет, но 
это не стало преградой, наряду с химией учить математику и физику. 

Студенчество совпало со второй мировой войной. Всем было тяжело, семье 
Заалишвили тоже. Параллельно с учебой в университете, Малхаз устроился 
работать в букинистический магазин в Верийском квартале. С большим не-
терпением он ждал первую зарплату, которая фактически спасла бы его от голода. 
В этот период магазин получил несколько, для него очень интересных книг. Купить 
книги – означало расстаться почти со всей зарплатой и голодать. Он так и поступил 
– купил книги… так было и потом. Несмотря на материальные трудности, вместо 
денежного вознаграждения, он по своей воле приносил домой книгу. Поэтому 
каждой книге, поставленной на полки кропотливо собранной личной библиотеки, 
сопутствовало чувство победы духовных сил над физическими. Силу духовности 
Малхаз Михайлович видел в образовании. Повезло научной библиотеке с 
директором, у которого такое кредо. Он был таким генетически, любовь к книге и 
науке прививалась в семье. Папа – педагог и экономист, мама – педагог и библио-
граф. Оба были широко образованными людьми. 

В личной библиотеке Малхаза Михайловича особое место занимали один из 
первых экземпляров книги Чабуа Амиреджиби «Дата Туташхиа» и автобио-
графический роман «Гора Мборгали». Первую книгу украшает авторская надпись: 
«Шуре и Малхазу! Что не случится в жизни, не правда ли?». Во второй книге 
описан один из побегов из тюрьмы, как обвиняемого по тяжелой статье и сбе-
жавшего из заключения друга Малхаз и его жена спрятали в своем доме. А это 
были кровавые 40-е годы, когда за такой поступок, если не расстрел, так ссылка в 
Сибирь точно их ожидала. Верность и любовь к другу помогли превозмочь страх 
«стука в дверь» и смерти. Эта «деталь» биографии очень показательна и важна для 
понимания личности. 

Страха и в дальнейшей жизни не было, всегда имел активную и достойную 
гражданскую позицию. Для него как для гражданина и ученого очень тяжелым 
оказался период властвования «Национального движения». Малхаз Заалишвили (а 
ему было под или за 90) не пропускал ни одну протестную акцию против 
авторитарного режима и всегда находил смелость выразить бескомпромиссную 
позицию в связи с неправомерными решениями власти. Он активно противился 
неразумным реформам в научной системе, что коснулось и его детища, 
основанного им Института молекулярной биологии и биофизики, который без 
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объяснений и какой-либо стратегии был ликвидирован. Как с горечью говорил 
Малхаз Михайлович – «убили моего третьего ребенка». 

Несмотря на трудную судьбу и многочисленные субъективные и объективные 
преграды, неиссякаемый интерес к научным исследованиям не пропадал до 
последнего вздоха. Привыкшего всегда быть в гуще дел и событий, как и в 
молодые годы, он был весь в работе, все его помыслы о науке, об институте, о 
сотрудниках. В последние годы жизни как научный консультант, активно трудился 
в Центре экспериментальной биомедицины имени Ивана Бериташвили. Строил 
планы на десятилетия. Символично, что из-за болезни, только три дня до кончины 
он прожил без своего любимого дела. В последний путь, провожая, люди горечь 
потери выражали такой фразой: «Ушел и вместе с ним кончилась эпоха». Да, эпоха 
кончилась… И Малхаз Михайлович Заалишвили – один из выдающихся предста-
вителей этой эпохи, стал светлым примером верного служения грузинской науке. 
Именно на таких примерах растут и крепнут будущие поколения, которые создают 
большую науку. 
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100TH ANNIVERSARY 
A CENTENARY FROM THE BIRTH OF A PROMINENT FELLOW 

COUNTRY-MAN ACADEMICIAN MALKHAZ ZAALISHVILI 

Life and activities of a versatile man, of a great scientist, a well-known biophysicist, 
academician Malkhaz Zaalishvili had long been an example for many Georgian 
researchers. On the verge of the 50s and 60s of the last century by unsparing efforts of 
Malkhaz Zaalishvili the field of molecular biology and biological physics was launched 
in Georgia. He founded the Institute of Molecular Biology and Biological Physics of the 
Georgian Academy of Sciences, as well as Chair of Biomacromolecular Physics at Ivane 
Javakhishvili State University. He created his scientific school, was a founder of physico-
chemical research of biological macromolecules. The works by academician Malkhaz 
Zaalishvili in the field of physico-chemical organization of muscles are keynote 
achievements of Georgian science. 

Malkhaz Zaalishvili was full-fledged educated person in exact and natural sciences. In 
1941 he graduated from chemical faculty of Tbilisi Ivane Javakhishvili State University 
with a specialty of physical chemistry. In parallel, as a free listener, he took a full course 
at the physico-mathematics faculty. Though being an advanced student, for some 
objective and subjective interfering reasons, he only 3 years thereafter could continue 
education in 1944 as a postgraduate student in biochemistry. The choice of biochemistry 
was to a large extent due to the fact that he was inspired by scientific interests and 
personal admiration of the well-known scientist, the most talented biochemist Qartlos 
Akhvlediani. Since 1946 he had an opportunity to continue working at dissertation thesis 
in Moscow under supervision of a prominent Russian scientist Vladimir Engelgardt. The 
relationship with this wonderful, high-level scientist and intellectual has determined to a 
great measure one of the chief directions of his scientific activity – exploration of 
biological motility problems that, alongside with many other problems, constituted his 
irrevocable scientific interest to the last day of life. Perhaps it was because of this that he 
often referred to Engelgardt as his “scientific mentor” and for years, till the end of life he 
kept his photo on the working table in his study. Academician Engelgardt offered him to 
stay in Moscow and head a lab, but for him as a genuine sun and patriot there was no 
other choice but return to his fatherland, the more so as waiting for him there was his wife 
and loyal partner Ms Shura Gvelesiani who herself was a representative of academia, and 
over the entire scientific and public activities from being a post-graduate student to 
becoming an academician his spouse was an admirer and supporter of his scientific 
endowment. Soon a son was born to them Tengiz Zaalishvili, follower of father’s 
scientific pursuit, a prolific scientist, at present a Corresponding Member of the Georgien 
Academy of Sciences. 

At that time the start-up of scientific research was far from ease in Georgia. Therefore 
Malkhaz Zaalishvili had to move to Gori and work at the Gori State Pedagogical Institute, 
where he held the position of a docent and gave lectures in inorganic, organic and 
physical chemistry. 
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In 1956 Malkhaz Zaalishvili returned to Tbilisi and continued to work as a senior 
researcher at the Institute of Physiology of the Georgian Academy of Sciences. 

In the 50s of last century when a new field of science biophysics was just initiating, 
Malkhaz Zaalishvili drew up a general course syllabus in biological physics at Tbilisi 
State University and since 1956 he led that course. In 1962, at the faculty of physics of 
that university he initiated majoring “biophysics” on the basis of which later on chair of 
macromolecular Physics was created, where Malkhaz Zaalishvili delivered in general and 
cell biophysics, as well as in molecular biology. In 1962 the renowned Georgian scientist 
Ivane Beritashvili initiated at the Institute of Physiology the first in Georgia Laboratory in 
Biophysics, the head of which became Malkhaz Zaalishvili, already experienced scientist. 
It is just since that period that his name had been associated with the development of the 
fields of biology as are biophysics and molecular biology. 

Great scientific and organizational endowment enabled Malkhaz Zaalishvili to collect a 
cohort of gifted team exploring on a high level the current problems of biophysics. Due to 
the topical importance of the problems explored, the lab was converted into a sector. In 
1986, based on the sector, the Institute of Molecular Biology and Biological Physics was 
founded. Professor Malkhaz Zaalishvili was the first and irreplaceable until 2000 director 
of the Institute. The results of research obtained by his guidance had been commonly 
recognized and confirmed by other scientists. Today the Institute continues functioning 
and is a part of the Ivane Beritashvili Center for Experimental Biomedicine. 

In 1972 Malkhaz Zaalishvili defended doctoral dissertation in Moscow at the Scientific 
Council of the Institute of Biophysics, the Soviet Union Academy of Sciences, in 1974 
earned the title of a Professor, in 1979 was elected as a corresponding member, while in 
1988 a full member (academician) of the Georgian Academy of Sciences. 

In 1990-2004 he was an academician secretary of the Biological Department at the 
Presidium of the Georgian Academy of Sciences, in 2004-2006 – a counselor to the 
Presidium. 

At the Institute of Molecular Biology and Biological Physics, under the guidance of 
Professor Malkhaz Zaalishvili the investigations were made in a variety of directions such 
as biophysics of biological motility, physic-chemical properties of macromelucules, 
molecular organization of a genome. 

In 1963-1968, for the first time, under leadership of Professor Malkhaz Zaalishvili it was 
established that mitochondria do not contain the myosin-like protein and likewise, change 
in the mitochondrial volume does not depend on the actin-myosine interaction, this being 
corroborated later by American scientists. Contraction of the saturated mitochondria is 
due to inositol-phosphatid which activates nonmyosinic ATPase. This has modified the 
viewpoint that a change in mitochondrial volume could much contribute to the study of 
muscular contraction mechanism. 
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Malkhaz Zaalishvili and assoc. have studied at length, the molecular sizes and physico-
chemical properties of pure α-actinin and other proteins obtained using a modified 
method. For the first time it was demonstrated that a molecule of α-actinin is composed of 
two identical sub-units and each of them contains two asymmetrically disposed domens. 
Using methods of molecular biology, it was first established the sequence of amino-acids 
(primary structure) of α-actinin’s N-moiety (30 kd) that had much importance for further 
studies of this protein. 

Since the 50s of 20th century it has become known that except the essential contractable 
proteins, a muscle contains the so-called gigantic proteins possessing a large molecular 
mass, titin, nebulin and smitin found in a smooth muscle. Still in 1984 under the guidance 
of Malkhaz Zaalishvili, using a rentgenostructural method it was established that gigantic 
protein titin contains a collagen-type fragment. These findings confirm that two-thirds of 
titin molecule is available in β-structure and one-third as a left helix. A method was 
worked out to obtain native pure titin and some of its physico-chemical properties were 
studied. Malkhaz Zaalishvili and assoc. have demonstrated that a gigantic protein smitin 
is available in the nonmuscular cells (the brain, the liver). 

Since the 60s, Malkhaz Zaalishvili pursues work at still one of the important problems. 
He intensively explores the proteins regulating the processes, which underlie transfer of 
genetic information. In particular, he guides studies of the enzymes responsible for 
replication and transformation processes in archaebacteria and eucaryotes. 

Malkhaz Zaalishvili and assoc. have isolated and purified DNA-dependent RNA 
polymerase from the rat brain nuclei. From the thermophilic organisms they obtained a 
pure preparation of thermostable DNA depending DNA polymerase as a result of 
constrained hydrolysis of which a low-molecular fragment was isolated. And this later 
was used in AIDS diagnosis. 

Since the 70s Malkhaz Zaalishvili with assoc. commences exploration of chemical 
synthesis of amino-acids containing new type high-molecular compounds (synthetic 
analogs of natural proteins), a new method for the synthesis of heterochain polymers, the 
so-called “activated polycondensation”, which, compared to the before commonly known 
ones, is distinguished by its simplicity. The method in question enables to make synthesis 
of a polymer carrier to yield medical drugs of prolonged action and readily absorbable 
polymers of medical implication which could replace expensive agents of natural origin. 

In the course of performed research quite a number of original methods were developed 
and devices constructed, among them is a device, which enables to measure in one and 
the same test, simultaneously velocity of superprecipitation and of ATP-ase reaction of 
the contractable system’s suspension, this made it possible to unveil the genuine 
mechanism for biological motility; constructed was also a calorimeter with the aid of 
which ascertained were thermodynamic and other parameters of a melting process for 
many a high-molecular, biologically essential compounds (DNA, muscular proteins). 
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Experimental findings and phenomena revealed by Malkhaz Zaalishvili were included in 
his monograph published in 1971 – “The physic-chemical bases of muscle contraction”, 
which even today is of interest and text-book for specialists. In terms of a referee’s 
comments published in the Journal of Biochemistry (Biochemistry of the USSR Acad. 
Sci., v. 39, N3, pp. 672-673) concerning the monograph by Malkhaz Zaalishvili it is said: 
“The book can be considered as one of the most fundamental one among others 
addressing the physico-chemical problems of muscle contraction, in the conclusive part 
the author highlights the problems to be dealt with in the nearest future”. 

Malkhaz Zaalishvili chaired several councils in science and technology, scientific council 
on the problems of biophysics, the USSR scientific council – physical principles of 
biological system’s functioning; was on the editorial board of the journals “Bulletin of the 
Georgian Academy of Sciences and the journal “Science and Technology”, on the 
editorial board of two All-Union journals “Biophysics” and “Molecular Biology”, was an 
expert in biological physics of the Coordination Center for EU-member countries. 

Academician Malkhaz Zaalishvili was organizer of the 2nd (1968), the 4th (1974) and the 
8th (1987) symposia devoted to biochemistry and biophysics of muscle contraction, 
guided I, II and III Transcaucasian regional schools (dedicated to the keynote topic of 
molecular biology and biological physics, i.e. “The structure and function of biological 
macromolecules”, he was a participant of many International and All-Union symposia, 
meetings and congresses, where his speach earned a high evaluation, among them was a 
symposium held in Cambridge (1968) dedicated to the problems of biophysics, the 
second (Wein, 1966), the third (Boston, USA, 1969) and the fourth (Moscow, 1972) 
International congresses, Conference of experts on EU-countries scientists’ collaboration 
programme (Prague, 1985), etc. 

For years Academician Malkhaz Zaalishvili directed the Georgian National Scientific 
Library and made all efforts to improve its functioning, considering it to be essential for a 
successful activity of scientists and students. 

Boundless is Malkhaz Zaalishvili’s merit as a teacher and leader-scientist in bringing up 
in Georgia generations of professionals in biophysics and molecular biology, his pupils 
fruitfully serve in the scientific-academic high rated institutions in Georgia, as well as 
abroad. Service as an academician-secretary of Biological Department at the Georgian 
Academy of Sciences and director of the National Scientific Library contributed to a 
significant measure to the development of scientific and organizational activity in the 
relevant institutions. His amazing skill as an organizer, indefatigable spirit, enthusiasm, 
high professionalism and integrated thinking were always an imitating example for his 
colleagues, coworkers and especially for young researchers. 

The way passed in life by Malkhaz Zaalishvili appeared to be a marvel and impetus to his 
descendants. The eldest grandson Giorgi Zaalishvili is of high qualification and ranks 
high as a scientist in the field of molecular biology, he enjoys authority as inside the 
country, so beyond it. His works are published in the world’s prestigious, high-rating 
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journals. Quite a diverse, hard and liable way of a scientist was chosen by another 
grandson Irakli Kobakhidze to create and author the qualitatively new basic law – 
renovated Constitution of a country, meeting genuine European standards. Great is 
academician Malkhaz Zaalishvili’s merit in the objective assessment of the events taking 
place in Tbilisi on the 9th April of 1989. He was a vice-chairman of the commission 
investigating the events occurring on the 9th April and a chairman of chemotoxicologic 
subcommission. Under his competent direction, three poisoner compounds were revealed, 
i.e. chloroacetophenone, CS and chloropicrin, which the Soviet troops used in raids 
against the participants of a peaceful meeting. Together with the scientists of molecular 
biology and biophysics Malkhaz Zaalishvili himself was involved in investigations. In the 
conclusion of performed work signed by Malkhaz Zaalishvili (published in a newspaper 
“Communist”, May 23, 1989) it was fixed: troops have committed against peaceful 
population of the Republic extremely unjustified barbaric act with use of poisonous 
substances, for this act they had neither moral nor judicial right”. In the period of Soviet 
power to publish such results required a great civil bravery. The facts revealed by the 
subcommission were acknowledged by the All-Union Commission chaired by Anatoli 
Sobchak. At that time nobody knew whether the Soviet Union would disintegrate and if 
so, what would be the process of disintegration, what kind of repressions there would be 
exercised against each person and especially in respect to those fighting for the country’s 
independence. In this process the position and action of the chairman was exclusively 
important. The subcommission worked under the conditions of duress and it was the 
chairman who had to show bravery in order to overcome each manifestation of pressure. 
Malkhaz Zaalishvili undertook this mission in faith and honor. It is remarkable that 
proceeding from the extreme significance of commission’s results, he for years kept in his 
lab the things belonging to the deceased as proofs. 

In 1997 academician Malkhaz Zaalishvili was decorated with order of Merit. 

To the lees of his life Malkhaz Zaalishvili marveled those about him with an amazing 
memory, boundless energy, scientific acumen, cognition of all of the news, longing for 
building, all this he explained by the three main features: didn’t know what fatigue was, 
didn’t know what envy was, didn’t know what fear was. 

During almost a century life span he faced many a tragedy and hardship. However, he 
didn’t like to talk about it, for he was an incurable optimist. It is but some heavy episodes 
that he ever mentioned and it was only in a venerable age, after 90. He was born in 
Mtskheta, mother’s native town on 27 September 1920 in the time of an independent 
Georgia. After some months his parents in order to escape the new regime decided to 
leave for France. However being already on board of a ship his mother a noblewoman 
Rusudan Gedevanishvili whose family, like many other noble Georgians, suffered from 
great material and spiritual misfortunes from the part of Soviet authorities. She could no 
longer stand the caused by leaving her fatherland, and just some minutes before the ship 
moved, she together with her husband left the ship and came back home. The dearest 
period in Malkhaz Zaalishvili’s life was the one spent in Mtskheta with his grandmother 
Daria Palavandishvili. Therefore, Mtskheta for the whole life remained particularly 
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precious town for him. Precious for him was Mothers’ Monastery (“Samtavro 
Monastery”) where he was christened and had the young years kinsmen and friends. He 
dreamed to live in Mtskheta and could lay to rest there. Alas, he couldn’t fulfil his dream. 

At school he studied well, especially loved math, in which he had a wonderful teacher 
Vaso Abdushelishvili, decided to become a student of math faculty, but failed because 
that year there were too many medalists to be enrolled. He couldn’t or didn’t learn verses 
by heart, that’s why a well-known teacher Varo Vardiashvili gave a satisfactory mark to 
an excellent pupil in other subjects. Thus it happened so that he was enrolled in chemical 
faculty. Though he never abandoned to study math and physics alongside with chemistry. 

Malkhaz Zaalishvili’s student years coincided with the period of the Second World war. 
There was a total hardship. So were in the Zaalishvilis family. Malkhaz in parallel with 
studying at the University began to work in a second-hand bookstore situated in Vera. He 
looked forward to getting the first payment which could save him from starvation. At that 
period some rather interesting books were brought into the store. To buy the books he 
would have to refuse the salary that could have actually save him from starvation. So did 
he, bought the books… and thus happened many times, inspite of material need, instead 
of money at his own request he often took home a book. Each book in the so 
painstakingly created personal library bore as it were victory of spiritual rescue (seen by 
him in education) over the physical one. Genetically he was such, love of books and 
science he acquired from the family: father was a teacher and economist, a full-fledged 
person, mother – a teacher and bibliographer. 

In Malkhaz Zaalishvili’s library in a special place was one of the first copies of Chabua 
Amirejibi’s book “Data Tutashkhia” and an autobiographic novel “Gora Mborgali”. The 
first bearing an inscription “To Shura and Malkhaz, what wouldn’t happen in the world?”. 
In the other book it is described how he ran from the prison and how Malkhaz and his 
wife sheltered in their house the friend with so heavy sentence of imprisonment. That was 
the 40s bloody years, when for such a behavior persons were sentenced death or exile to 
Ciberia. Fear of a knock at the door and of death Malkhaz could only overcome by love 
of and loyalty to his friend. 

Sensation of fear he didn’t have either in the time to come, always taking an active and 
honorable position. For him as a citizen and scientist the heaviest proved to be the period 
of so-called National movement, as well. He never missed a single protesting action 
against the authoritarian regime and always found way to take uncompromised position in 
respect to the nonrelevant decisions of authorities. He couldn’t reconcile with insensible 
reforms in the system of science. By similar reform among others suffered the Institute of 
Molecular Biology and Biophysics founded by him, which without any documentation 
and strategy was liquidated. His sorrow he expressed in a sentence: “They killed my third 
child”. 

Notwithstanding the hard life and many subjective and objective obstacles, his keen 
interest in scientific research didn’t extinguish. In the last years of life he actively served 
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as a scientific consultant at Ivane Beritashvili Center for Experimental Biomedicine and 
made 10-year plans for future work. It is symbolic that only three days before death he 
lived without his so much loved activity. Those who came to pay tribute to him expressed 
their grief in a phrase: “he left and together with him ended the epoch”. Yes, the epoch 
ended… and Malkhaz Zaalishvili as one of the distinguished representatives of the epoch 
left a blessed name of the most loyal servant of Georgian science. Just on the example of 
such persons the future generations ought to be brought up to build up great science. 
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trofikuli wylulis (TROPULC) 

samkurnalo imunomodulatoruli preparati 

nugzar aleqsiZe1,  giorgi aleqsiZe2 

1 universiteti `geomedi~, 
2 samedicino-biologiuri samecniero-

kvleviTi centri `aleqsisi~, Tbilisi, saqarTvelo 

statiaSi suraTebis saxiT warmodgenilia trofikuli wylulis mce-

nareuli warmoSobis imunomodulatoruli (Tropulc) preparatiT mkurnalo-

bis Sedegebi. dadgenilia, rom kunTebSi yoveldRiurad insulinis SpriciT 

1 ml preparatis inieqciis Sedegad mniSvnelovnad mcirdeba kunTebze 

trofikuli wyluliT gamowveuli wylulebis zomebi. daavadebis sruli 

gankurnebisTvis sakmarisia preparatis 3-5 ampula. mkurnalobis dros ar 

gamovlenila meoradi efeqtebi. unda aRiniSnos, rom daavadebis gamovle-

nisas mkurnalobis droulad dawyeba mniSvnelovnad aCqarebs mkurnalobas. 

sakvanZo sityvebi: kunTis trofikuli wyluli, mkurnaloba mcenareuli 

warmoSobis preparat Tropulc-iT 

trofikuli wyluli, rogorc venuri daavadebis Seuxorcebeli 

Wriloba, erT-erT umZimesi daavadebaa. samwuxarod, trofikuli 

wylulis mkurnaloba metad rTuli da Sromatevadi procesia da 

rogorc pacientis, aseve eqimis did Zalisxmevas da finansur 

danaxarjebs moiTxovs. magaliTad, aSS-Si mis samkurnalod we-

liwadSi daaxloebiT 2 miliardi dolari ixarjeba. rogorc gair-

kva, trofikuli wylulis venuri ukmarisoba ar yofila daavadebis 

erTaderTi mizezi. trofikuli wyluli, upirveles yovlisa, 

qsovilTa kvebis darRveviT gamowveuli Seuxorcebeli Wrilobaa, 

rac kanisa da rbili qsovilebis defeqtebze migvaniSnebs. tro-

fikuli wylulebis 80% venuri wylulebiTaa ganpirobebuli, rac 

venuri ukmarisobis bolo stadiadaa miCneuli. wyluli SesaZloa 

ganviTardes arteriuli paTologiis fonze da qronikuli arte-

riuli ukmarisobis dros. calke gamoyofen diabeturi terfis 

Tanmxleb wylulebs. wyluli SesaZloa warmoiSvas sistemuri 

daavadebebis – revmatoiduli arTritis, vaskulitis, osteomielitis 
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da kanis simsivnis Sedegadac. Tumca, arsebobs iSviaTi wylulebic, 

magaliTad, martorelis wyluli, romelic SesaZloa gamovlindes 

avTvisebiani simsivnis ganviTarebis pirobebSi mimdinare arteriuli 

hipertenziis dros da sxv. [1-3]. aRsaniSnavia, rom qronikuli 

arteriuli ukmarisobis dros qsovilebis JangbadiT momarageba 

sakmaod daqveiTebulia, Sedegad irRveva qsovilTa kveba, rac iwvevs 

nekrozisa da Seuxorcebeli Wrilobis, wylulis ganviTarebas. 

venuri wylulebis 85% wvivis qveda mesamedis medialur zedapirze 

aRiniSneba. wylulis diagnostika ar aris rTuli, misi ganviTareba 

SesaZlebelia ubralo daTvalierebiTac ki iqnas dadgenili Tumca, 

saboloo dadasturebis mizniT specialurad tardeba arainvaziuri 

gamokvlevebi, informaciuli doplerografia da dupleqs skanireba. 

mkurnaloba xorcieldeba qirurgiuli da konservatiuli meTodebiT 

[4, 7, 11]. dasanania, rom xangrZlivi mkurnalobis Semdeg araa ga-

moricxuli misi xelaxali ganviTarebis riski. miuxedavad trofi-

kuli wylulis mkurnalobaSi miRweuli warmatebebisa, misi efeq-

turi mkurnaloba kvlavac aqtualur problemad rCeba [5, 10], amas-

Tan, jer kidev gaurkvevelia Tu ra saxis meTodebiT SeiZleba 

WrilobaSi darRveuli sisxlis mimoqcevais aRdgena, dazianebuli 

qsovilis kveba da sxv. dReisTvis, daavadebis mkurnaloba sami mimarTu-

lebiT mimdinareobs: konservatiuli, medikamenturi da qirurgiuli 

CareviT [6, 12]. 

samkurnalod gamoiyeneba agreTve Sulfonylamide-is preparatebi, admi-
nistrirebulia specialuri daniSnulebis fxvnilebi, anTebis sawi-

naaRmdego malamoebi, sxvadasxva sadezinfeqcio, antiseptikuri, maT 

Soris kortikosteroidebisa da antibiotikebis gamoyeneba [8, 9]. 

sayuradReboa, rom trofikuli wylulis Sesaxeb pirveli cnobebi 

jer kidev Zv. w. 1500 wlis win iqna moxseniebuli. 

warmodgenili mimoxilvidan gamomdinare, miznad davisaxeT trofi-

kuli wylulis samkurnalod Segveqmna da gamogvecada mcenareuli 

warmoSobis samkurnalo imunomodulatoruli preparati Tropulc, 
romlis gamoyenebiT praqtikulad moxerxda trofikuli wylulis 

gankurneba. 

warmodgenili suraTebidan naTlad Cans fexis trofikuli wylu-

lis mcenareuli warmoSobis preparat Tropulc-iT mkurnalobis Sede-

gebi. sagulisxmoa, rom daavadebis gamovlenisas, mkurnalobis 

droulad dawyebis SemTxvevaSi gankurneba gacilebiT swrafad xdeba. 

preparatis inieqcia xdeba kunTebSi 1 ml moculobis insulinis 

SpriciT dReSi erTjer. mkurnalobisTvis sakmarisia 20 ml-iani 3-5 

flakoni profesor g. aleqsiZis malamos gamoyenebis fonze. 
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sur. 1. 22 ivlisi; sur. 2. 22 agvisto; sur. 3. 12 seqtemberi. sur. 4. 20 

seqtemberi. sur. 5. 3 oqtomberi; sur. 6. 22 noemberi; sur. 7. 3 dekemberi; sur. 

8. 29 dekemberi; sur. 9. 7 Tebervali; sur. 10. 28 aprili; sur. 11. maisi; sur. 

12. 8 seqtemberi; sur. 13. 20 seqtemberi 

preparats ar axasiaTebs meoradi uaryofiTi moqmedebis niSnebi da 

misi samkurnalod gamoyeneba mizanSewonilad migvaCnia Sesabamisi 

klinikuri gamocdebis Semdeg. 

daskvna 

suraTebis saxiT warmodgenilia mcenareuli warmoSobis imunomodu-

lator Tropulc-is preparatis trofikuli wylulis mkurnalobis 

Sedegebi. dadgenilia, rom kunTebSi 1 ml insulinis SpriciT 

preparatis yoveldRiuri inieqciis Sedegad, profesor g. aleqsiZis 
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malamos gamoyenebis fonze maqsimalurad mcirdeba kunTis 

trofikuli wyluliT daavadebulTa ubnis zomebi. 
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ИММУНОМОДУЛИРУЮЩИЙ ПРЕПАРАТ (TROPULC) ДЛЯ ЛЕЧЕНИЯ 
ТРОФИЧЕСКИХ ЯЗВ 

Нугзар Алексидзе1,  Георгий Алексидзе2 
1 Университет «Геомеди», Тбилиси;  2 Медицинско-биологический научно-исследо-
вательский центр «Алексис», Тбилиси 

РЕЗЮМЕ 

В статье в виде рисунков представлены результаты лечения трофической язвы иммуно-
модулятором растительного происхождения Tropulc. Установлено, что ежедневное внутри-
мышечное введение 1 мл (инсулиновым шприцом) препарата сводит к минимуму размер 
области трофической язвы мышцы. Для полного излечения достаточно 3-5 ампул 
препарата. Примечательно, что лечение заболевания не имеет побочных эффектов. Следует 
отметить, что в случае выявления заболевания, своевременное лечение проходит намного 
быстрее. 
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IMMUNOMODULATORY DRUG (TROPULC) FOR THE TREATMENT OF 
TROPHIC ULCERS 

Nugzar Aleksidze1,  George Aleksidze2 

1 University “Geomedi”,Tbilisi, Georgia;  2 Medical-Biological Scientific-Research Center 
“Alexsis”, Ltd, Tbilisi, Georgia 

SUMMARY 

The article presents the results of trophic ulcers treatment with the plant immunomodulatory 
Tropulc in the form of photo figures. It has been established that daily intramuscular injection of 1 
ml (with an insulin syringe) of the drug minimizes the size of the trophic muscle ulcer area. For a 
complete cure, 3-5 ampoules of the drug are enough. It is noteworthy that the treatment of the 
disease has no side effects. It should be noted that at revealing the disease, timely treatment occurs 
much faster. 
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eTanolis xangrZlivi moxmarebis zegavlena TeTri 

virTagvas Tavis tvinis centraluri ruxi nivTierebis 

morfofunqciur Taviseburebebze vernike-korsakovis 

sindromis eqsperimentuli modelis cxovelebSi 

lali gegenava,  nino RvinaZe,  sofo kalmaxeliZe,   

diana museriZe 

i. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi, 

saqarTvelo 

Seswavlil iqna alkoholis xangrZlivi moxmarebis zegavlena Tavis tvinis 

centraluri ruxi nivTierebis morfofunqciur Taviseburebebze. Seiqmna 

vernike-korsakovis sindromis eqsperimentuli modelis cxovelTa jgufebi. 

naCvenebia, rom eTanolis xangrZlivi moqmedebis Semdeg ruxi nivTierebis 

dorzalur, medialur da ventralur ubnebSi neironebis ricxvi Semcirda, 

gliuri indeqsis maCvenebelis gazrda ki miuTiTebs gliozis ganviTarebis 

SesaZleblobaze. mravalsvlian estakadur labirinTSi testirebis dros 

gamovlinda cxovelTa xangrZlivi drois ganmavlobaSi platformaze da-

yovnebis faqti. amgvarad, eTanolis xangrZlivi moxmarebis Sedegad ga-

movlenili TeTri virTagvebis Tavis tvinis centraluri ruxi nivTierebis 

morfologiuri da funqciuri maCveneblebis cvlilebebi miuTiTebs eTa-

nolis citotoqsikur zemoqmedebaze. 

sakvanZo sityvebi: eTanoli, vernike-korsakovis sindromi, centraluri 

ruxi nivTiereba 

miuxedavad mravalwliani gamokvlevebisa Tanamedrove neiromecnie-

rebasa da medicinaSi, alkoholizmi warmoadgens erT-erT aqtualur 

problemas. gansakuTrebiT mniSvnelovania eTanoliT intoqsikaciis 

Sedegad Tavis tvinSi mimdinare im darRvevebis morfofunqciuri 

Taviseburebebis Seswavla, rac SemdgomSi ganapirobebs sxvadasxva 

nevrologiuri daavadebebis ganviTarebas. qronikuli alkoholizmi 

progresirebadi neirodegeneraciuli daavadebaa [10]. alkoholis 

xangrZlivad moxmareba iwvevs qronikuli alkoholuri neiropaTiis 

Camoyalibebas, maT Soris, vernike-korsakovis sindromis formirebas, 
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rac gamowveulia rogorc Tiaminis deficitiT, aseve alkoholuri 

intoqsikaciiT [1, 4, 6, 16]. Tiaminis donis Semcireba ganapirobebs 

Tavis tvinSi oqsidaciuri stresis zrdas, neironebis mier gluko-

zis moxmarebis Semcirebas, glutamatis koncentraciis zrdas, qro-

matinis agregacias da neironebis SeSupebas da degeneracias. Tavis 

tvinSi oqsidaciuri stresis gaZliereba mimdinareobs antioqsidan-

tebis glutaTionis da superoqsiddismutazas Semcirebis fonze [3, 8]. 

vernike-korsakovis sindromis formirebisas gansakuTrebiT ziandeba 

centraluri ruxi nivTierebis regioni, romlis sisqeSi ganlage-

bulia silviis wyalsadeni. dazianeba simetriulad vrceldeba 

Tavis tvinis centraluri ruxi nivTierebis ubanSi mesame parkuWis, 

silviis wyalsadenis da meoTxe parkuWis irgvliv. intoqsikaciis 

procesebi, romlebic viTardeba centralur rux nivTierebaSi, 

uSualod wyalsadenis mimdebare ubnebSi, qmnis pirobebs hematoen-

cefaluri barieris gavliT parkuWebis RruSi eTanolis mosaxved-

rad. aq eTanoli xangrZlivi drois ganmavlobaSi imyofeba parku-

Webis amomfeni ependimuri ujredebis wamwamovan aparatTan kon-

taqtSi, aferxebs an srulad wyvets mis muSaobas, arRvevs sazurg-

tvine siTxis cirkulacias da qmnis hipertenziis da hidrocefaliis 

ganviTarebis xelsayrel pirobebs [2]. literaturaSi arsebuli mo-

nacemebis Tanaxmad, qronikuli alkoholuri intoqsikaciis Sedegad 

mozrdilTa modelebSi aRwerilia Tavis tvinis neironebis da-

kargva, naTxemis purkinies da marcvlovani ujredebis apoptozi [11]. 

astrocitebi reagirebs cns-is dazianebis yvela formaze reaqtiuli 

astrogliozis procesiT, romelic warmoadgens cns-is struqtu-

ruli dazianebis paTologiur niSans [13]. eTanoliT qronikuli 

intoqsikaciisas gliuri ujredebis stimulirebis Sedegad Tavis 

tvinSi anTebis mediatorebis warmoqmnas da eqspresiis gaZliereba 

ganapirobebs ujredebis anTebiT gamowveul dazianebas da sikvdils. 

gaaqtiurebuli mikrogliis mier citokinebisa da sxva xsnadi pro-

duqtebis gamoyofam SeiZleba mniSvnelovnad imoqmedos centralur 

nervul sistemaSi astrogliozis ganviTarebaze [15, 17]. 

alkoholis xangrZlivi moxmarebis Sedegad gamowveuli darRvevebi 

iwvevs kognitur deficits, romelic Seesabameba sxvadasxva funq-

ciur da struqturul nevrologiur paTologiebs [14]. 

amgvarad, arsebuli monacemebis ganxilvis safuZvelze, Cvens mizans 

Seadgenda Segveswavla alkoholis xangrZlivi moxmarebis zegavlena 

Tavis tvinis centraluri ruxi nivTierebis morfofunqciur Tavi-

seburebebze vernike-korsakovis sindromis eqsperimentuli modelis 

cxovelebSi. 
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meTodebi 

2-Tvian ujiSo mamr TeTr virTagvebs, romlebic moTavsebuli iyvnen 

vivariumis standartul pirobebSi, 6 Tvis ganmavlobaSi wylis nac-

vlad eZleoda mxolod eTanolis 15% xsnari. rigi mkvlevarebis 

mier dadgenil iqna, rom mRrRnelebi damoukideblad ar Rebuloben 

alkohols im raodenobiT, rac aucilebelia intoqsikaciis mkveTri 

niSnebis gamosavlenad. amitom, Cvens modelSi virTagvebs ar hqon-

daT arCevanis saSualeba, radgan isini Rebulobdnen mxolod eTa-

nols, rac ganapirobebda maT maqsimalur intoqsikacias. 

aRniSnuli sakiTxis Sesaswavlad viyenebdiT Semdeg meTodebs: 

1. nervuli da gliuri ujredebis raodenoba ganisazRvreboda 

centraluri ruxi nivTierebis silviis wyalsadenis mimdebare dor-

salur, medialur da ventralur ubnebSi krezil-violetiT SeRebil 

10 mkm sisqis anaTlebze mikroskopis (Amplival, Zeiss) meSveobiT; aseve 

dadgenili iyo gliuri indeqsi. 

2. xangrZlivi alkoholizaciis Semdgom daswavlisa da mexsierebis 

procesebze dakvirvebas vaxdendiT mravalsvlian estakadur la-

birinTSi. labirinTi Sedgeboda 25 sm simaRleze ganTavsebuli 10 

platformisgan (40×10 sm), testirebis pirobebSi labirinTSi gadaad-

gilebis motivacia iyo cxovelis survili Tavi daeRwia eTologiu-

rad uaryofiTi pirobebisTvis da gadasuliyo labirinTis bolos 

bude-yuTSi. aseTi labirinTuli testis gamoyeneba Sesabamis eqs-

perimentul pirobebSi qmnis sakmarisi donis motivacias treningis-

Tvis sakvebis miRebis gareSec. eqsperimentebi tardeboda 7 dRis 

ganmavlobaSi (xuTi sesia yoveldRe). aRiricxa cxovelebis mier 

daSvebuli Secdomebis raodenoba (gadaxra optimaluri traeqto-

riidan, anu CixSi Sesvla) da labirinTis gavlis dro. 

eqsperimentuli masala statistikurad damuSavda variaciuli sta-

tistikis meTodebiT (ANOVA). 

Sedegebi da maTi ganxilva 

rigi kvlevebis Sedegad dadgenil iqna, rom, rac ufro xangrZlivia 

alkoholuri intoqsikacia, miT ufro didia morfologiuri 

cvlilebebis masStabi. virTagvebis grZelvadiani alkoholizaciis 

Semdeg centraluri ruxi nivTierebis struqturuli Tavisebure-

bebis gamovlenis mizniT Catarda nervuli da gliuri ujredebis 

cvlilebebis morfometruli kvleva. vinaidan vernike-korsakovis 

sindromis formirebisas gansakuTrebiT ziandeba centraluri ruxi 

nivTiereba, xolo dazianeba moicavs Tavis tvinis mesame parkuWis, 
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silviis wyalsadenis da meoTxe parkuWis mimdebare ubnebs, Cven mier 

Seswavlil iqna nervuli da gliuri ujredebis raodenobis cvli-

lebebi TeTri virTagvebis centraluri ruxi nivTierebis wyalsa-

denis mimdebare – dorsalur, medialur da ventralur ubnebSi 

virTagvebis 6-Tviani alkoholuri intoqsikaciis Semdeg. 

eTanolis xangrZlivi zemoqmedebis Sedegad virTagvebis Tavis 

tvinis centraluri ruxi nivTierebis dorsalur, medialur da ven-

tralur ubnebSi Cven mier nervuli ujredebis raodenobis gan-

sazRvris Sedegad gamovlinda maTi raodenobis Semcireba (sur. 1). 

aRsaniSnavia monacemebi, rom virTagvebis Tavis tvinis qerqSi 

grZelvadiani alkoholuri intoqsikaciis Sedegad aseve gamoxa-

tulia atrofiuli procesebi [7]. 

 
sur. 1. neironebis raodenoba centralur rux nivTierebaSi 6-Tviani 

alkoholizaciis Semdeg. ordinata – ujredebis raodenoba; abscisa – 

centraluri ruxi nivTierebis ubnebi; yvela cvlileba statistikurad 

sarwmunoa 

mravali kvlevis Sedegad dadginda, rom astrocitebi warmoadgens 

alkoholis ZiriTad samiznes [5]. gliuri indeqsis gansazRvram aR-

niSnul ubnebSi gamoavlina gliuri indeqsis zrda. es ukanaskneli 

ki miuTiTebs gliozis ganviTarebis SesaZleblobaze (sur. 2), rac 

damaxasiaTebelia gliuri ujredebisTvis xangrZlivi alkoholuri 

intoqsikaciis dros [13]. 
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sur. 2. gliuri indeqsi centralur rux nivTierebaSi 6-Tviani al-

koholizaciis Semdeg. ordinata – promile; abscisa – centraluri ruxi 

nivTierebis ubnebi; yvela cvlileba statistikurad sarwmunoa 

cnobilia, rom alkoholis xangrZlivi moxmarebis Sedegad aRi-

niSneba kognituri cvlilebebi. am SemTxvevaSi Tavis tvinis dazia-

neba warmoadgens alkoholuri dazianebis da Tiaminis deficitis 

erTdrouli zemoqmedebis Sedegs. eTanolis moxmarebis Sedegad 

SeiZleba gamovlindes ujreduli metabolizmis cvlilebebi, rac 

cvlis motorul unarebs, swavlas da Semecnebas. eTanolis mier 

provocirebuli apoptozi gliur ujredebSi xels uwyobs mielinis 

garsis intensiur cvlilebas virTagvebSi, ramac SeiZleba ga-

moiwvios funqciuri daqveiTeba [9]. 

eqsperimentebis Semdeg seriaSi Seswavlil iqna daswavlis da mex-

sierebis procesebis cvlilebebi mravalsvlian estakadur labi-

rinTSi vernike-korsakovis sindromis eqsperimentuli modelis cxo-

velebSi. virTagvebis eTanoliT xangrZlivma intoqsikaciam gamoiwvia 

cvlilebebi cxovelTa daswavlisa da mexsierebis procesebSi. 

labirinTuli testirebis procesSi virTagvas cdebiT da Secdo-

mebiT labirinTis sxvadasxva nawilebSi unda moeZebna bude-yuTisken 

gadaadgilebis optimaluri traeqtoria da bolos, gadasuliyo 

labirinTis bolos bude-yuTSi. aRniSnul eqsperimentebSi gamov-

linda virTagvebis platformaze xangrZlivi dayovnebis faqti, rac 

gamoricxavs labirinTSi gadaadgilebas, kerZod, cxovelebi xan-

grZlivi drois ganmavlobaSi labirinTis garkveul monakveTSi (upi-
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ratesad sastarto baqanze an iqve axlos mdebare romelime plat-

formaze) imyofebodnen garindul mdgomareobaSi, rac grZeldeboda 

sakmaod didxans, sanam eqsperimentatori ar gadaiyvanda bude-yuTis 

mimdebare ubanSi, saidanac Tavisuflad Cadiodnen bude-yuTSi (sur. 3). 

 
sur. 3. labirinTis gavlis sruli dro. ordinata – wm; abscisa – 

eqsperimentuli dReebi. yvela cvlileba statistikurad sarwmunoa 

aRwerili faqti ar iyo gamowveuli alkoholis zemoqmedebiT 

ganpirobebuli moZraobiTi aqtiobis daTrgunviT, radgan maTi mo-

Tavsebis Semdeg labirinTis bolo xarixebze isini sakmaod aqtiuri 

moZraobis Sedegad Cadiodnen bude-yuTSi. unda vivaraudoT, rom 

alkoholis xangrZlivi zemoqmedebis Sedegad Cven mier gamovlenili 

cvlilebebi warmoadgens alkoholuri dazianebis da Tiaminis de-

ficitis erTdrouli zemoqmedebis Sedegs. aqve aRsaniSnavia mona-

cemebi, romelTa Tanaxmad xangrZlivi alkoholuri intoqsikaciis 

Semdeg, neironebis raodenobis Semcirebisa da gliis zrdis fonze 

distrofiuli cvlilebebis niSnebi udavod moqmedebs qerqis funq-

ciobaze [12]. 

amgvarad, TeTri virTagvebis Tavis tvinis centraluri ruxi niv-

Tierebis morfofunqciur Taviseburebebze alkoholis xangrZlivi 

moxmarebis zegavlenis Seswavlam vernike-korsakovis sindromis 

formirebis Semdeg, gamoavlina nervuli ujredebis raodenobis Sem-

cireba Seswavlil struqturebSi, gamovlenil iqna agreTve glio-

zis formirebis tendencia. daswavlisa da mexsierebis parametrebis 

Seswavlis Sedegad gamovlinda cxovelTa xangrZlivi drois gan-
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mavlobaSi dayovnebis faqti, rac miuTiTebs eTanolis citotoq-

sikur zemoqmedebaze xangrZlivi alkoholuri intoqsikaciis Semdeg. 
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ВЛИЯНИЕ ДЛИТЕЛЬНОГО ПОТРЕБЛЕНИЯ АЛКОГОЛЯ НА 
МОРФОФУНКЦИОНАЛЬНЫЕ ХАРАКТЕРИСТИКИ ЦЕНТРАЛЬНОГО 
СЕРОГО ВЕЩЕСТВА ГОЛОВНОГО МОЗГА БЕЛЫХ КРЫС НА 
ЭКСПЕРИМЕНТАЛЬНОЙ МОДЕЛИ СИНДРОМА ВЕРНИКЕ-КОРСАКОВА 

Лали Гегенава,  Нино Гвинадзе,  Софо Калмахелидзе,  Диана Мусеридзе 

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

РЕЗЮМЕ 

Было изучено влияние длительного воздействия алкоголя на морфофункциональные 
особенности центрального серого вещества головного мозга белых крыс. Были созданы 
группы животных с экспериментальным синдромом Вернике-Корсакова. Было показано, 
что после длительного воздействия этанолом в дорзальном, медиальном и вентральном 
областях центрального серого вещества количество нервных клеток уменьшается, а 
повышенный показатель глиального индекса указывает на возможность формирования 
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глиоза. Тестирование в многоходовом эстакадном лабиринте показало, что животные дол-
гое время задерживались на платформах. Таким образом, изменения морфофункцио-
нальных показателей центрального серого вещества головного мозга белых крыс, 
выявленные в результате длительного потребления этанола, свидетельствуют о цитото-
ксическом действии этанола. 

INFLUENCE OF LONG-TERM ALCOHOL CONSUMPTION ON MORPHO-
FUNCTIONAL CHARACTERISTICS OF THE CENTRAL GRAY MATTER OF 
THE WHITE RATS BRAIN IN EXPERIMENTAL MODEL OF WERNICKE-
KORSAKOV SYNDROME 

Lali Gegenava,  Nino Gvinadze,  Sopho Kalmakhelidze,  Diana Museridze 

I. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

SUMMARY 

The effect of prolonged exposure to alcohol on the morphofunctional features of the central gray 
matter of the brain of white rats was studied. Groups of animals with experimental Wernicke-
Korsakov syndrome were created. It was shown that after prolonged exposure to ethanol in the 
dorsal, medial and ventral regions of the central gray matter, the number of nerve cells decreases 
and an increased glial index indicates the possibility of gliosis formation. Testing in a multiway 
estacade labyrinth revealed the fact that the animals were delayed on the platform for a long time. 
Thus, changes in the morphological and functional parameters of the central gray matter of the 
brain of white rats detected as a result of prolonged consumption of ethanol indicate the cytotoxic 
effects of ethanol. 
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maionizebeli radiaciis gavlena cocxali 

organizmebis sicocxlis xangrZlivobasa da 

tkivilis mgrZnobelobaze 

mixeil gogebaSvili,  merab cagareli,  ivliane nozaZe,  

nazi ivaniSvili 

iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi 

Seswavlilia gama-dasxivebis zemoqmedebis gavlena laboratoriuli TeTri 

Tagvebis sicocxlis xangrZlivobaze. naCvenebia, rom radiaciis jamuri 

dozisgan damoukideblad, sacdeli cxovelebis sicocxlis xangrZlivobis 

farglebi arsebiTad gansxvavebulia. kerZod, pirveli dasxivebidan (4.5 

grei) 6 da 12 Tvis Semdeg 3 grei doziT fraqciuli dasxivebisas, si-

cocxlis xangrZlivobis maCveneblebSi 7 kviraze meti sxvaoba SeiniSneba. 

es faqti kidev erTxel adasturebs cocxali organizmebis sicocxlis 

xangrZlivobaze maionizebeli radiaciis moqmedebis kvlevisas, am procesis 

dinamikuri maxasiaTeblebisa da radiomgrZnobelobis donis gaTvalis-

winebis mniSvnelobas. TeTri Tagvebis tkivilis mgrZnobelobis doneze 

Soreuli postradiaciuli efeqtebis Seswavlisas naCvenebia, rom tkivilis 

sapasuxo reaqciebis Sesusteba SeiZleba organizmis radiaciuli daberebis 

Sedegs warmoadgendes da centralur nervul sistemaSi mimdinare 

cvlilebebiT iyos ganpirobebuli. 

sakvanZo sityvebi: gama-radiacia, sicocxlis xangrZlivoba, TeTri Tagvebi, 

tkivilisadmi mgrZnobeloba 

cocxal organizmSi pirveladi radiobiologiuri efeqtebi gamov-

lenas dasxivebisTanave iwyeben, rac iwvevs sxvadasxva formis pa-

Tologiebis ganviTarebas (mag., mwvave sxivuri daavadeba) [1, 12, 16]. 

drois garkveuli Sualedis gasvlis Semdeg, avadmyofi `gamojan-

mrTeldeba~ da xangrZlivi drois ganmavlobaSi klinikuri simpto-

mebi SeiZleba ar gamouvlindes. Tumca, `gamojanmrTelebul~ orga-

nizms SemdgomSi uviTardeba dasxivebiT inducirebuli meoradi 

efeqtebi [9]. fundamentur radiobiologiaSi aseT cvlilebebs uwo-

deben dasxivebis Soreul Sedegebs. aRniSnuli cvlilebebi ada-

mianSi SeiZleba gamovlindes 10 an meti wlis Semdeg, labora-
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toriul cxovelebSi ki – dasxivebidan ramdenime TveSi. es proce-

sebi gansakuTrebul mniSvnelobas iZens sxvadasxva samedicino paTo-

logiebis dros radioTerapiuli midgomebis gamoyenebisas [4, 5, 11]. 

Soreul radiobiologiur efeqtebs, pirvel rigSi, miekuTvneba: 

sicocxlis xangrZlivobis Semcireba, leikozebis gaCena, avTvise-

biani simsivneebi, kataraqtebi. 

dasxivebis Soreuli Sedegebi, morfologiuri cvlilebebis saxiT, 

SeiZleba gamovlindes nebismier organosa da qsovilze, mag., kanis 

safarvelze, Zvlebze, xrtilebsa da Sinagan organoebze. es cvli-

lebebi gamoxatulebas hpovebs qsovilebis dasxivebuli nawilebis 

gasqelebasa da atrofiaSi; xrtilovani warmonaqmnebis, saxsrebis, 

sisxlZarRvebis elastiurobis dakargvaSi; Zvlebis simyifis zrdaSi 

da a.S. dasxivebis Soreul Sedegebs miakuTvneben, agreTve, endo-

krinul sistemaSi ganviTarebul darRvevebs, imunitetis daqveiTebas, 

organizmis nayofierebis Semcirebasa da unayofobas [13]. Tumca, 

yvelaze universalur efeqts, romelic paTologiis mravali sxva-

dasxva faruli formis integracias axdens, warmoadgens organizmis 

saSualo sicocxlis xangrZlivobis Semcirebis efeqti [15]. dadge-

nilia, rom arsebobs pirdapirproporciuli damokidebuleba dasxi-

vebis STanTqmul dozasa da sicocxlis xangrZlivobis Semcirebis 

maxasiaTeblebze. amasTanave, gaurkveveli rCeba dasxivebis dozis 

kumulaciis dinamika sicocxlis xangrZlivobis donesTan mimar-

TebaSi. 

kvlevis obieqti da meTodebi 

cdebi Catarda gama-radiaciiT dasxivebul laboratoriul TeTr 

Tagvebze. TiToeul jgufSi gamoyenebuli iyo 30 cxoveli. radia-

ciuli zemoqmedeba warmoebda gama-danadgarze, romlis dasxivebis 

wyaros warmoadgens radioizotopi – 137Cs (dozis simZlavre – 1.1 

grei/wT). 3-5 grei dozaTa intervalSi dasxivebuli cxovelebi, sa-

kontrolo – dausxivebel cxovelebTan erTad, Tavsdebodnen stan-

dartul pirobebSi 12 Tvis ganmavlobaSi. tkivilis intensiuroba 

Seiswavleboda mRrRnelebSi kargad aprobirebuli qceviTi – kudis 

moqnevis, cxeli firfitis, Termul da meqanikur stimulebze TaTis 

mocilebis testebiT. 

Sedegebi da maTi ganxilva 

daberebisa da sxivuri daavadebis mravali garegani niSnis msgav-

sebis gamo, didi xania radiobiologiaSi arsebobs mosazreba, rom 

maionizebeli radiacia SeiZleba gamoyenebul iqnas, rogorc mo-

saxerxebeli saSualeba daberebis daCqarebis modelirebisa da im 
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mizezTa gamovlenis SeswavlisTvis, romlebic gansazRvravs sicocx-

lis xangrZlivobas. Tumca, ukanasknel wlebSi warmarTulma 

kvlevebma aCvena aRniSnuli efeqtis rigi individualuri Tavise-

burebani dozur kumulaciasTan mimarTebaSi. am ukanaskneli sakiT-

xis kvlevis mizniT, gamoviyeneT sacdeli cxovelebis fraqciuli 

dasxivebis meTodi. pirveli radiaciuli zemoqmedebisTvis SerCeul 

iqna dozaTa intervali 3-4.5 grei (sur. 1). 

 
sur. 1. mwvave gama-dasxivebis gavlena Tagvebis sicocxlis xangrZlivobaze. 

punqtiriT aRniSnulia naxevarlogariTmuli trendi; isrebiT gamoyofilia 

gamoyenebul dozaTa intervali 

rogorc Cans, dozaTa es intervali iwvevs sicocxlis saSualo 

xangrZlivobis daqveiTebas, Sesabamisad – 15-22 kviramde. fraqciuli 

dasxivebis sqemis ZiriTadi amocana mdgomareobda kumulaciuri ra-

diobiologiuri efeqtis adekvaturobis gansazRvraSi radiaciuli 

zemoqmedebis postradiaciuli periodis sxvadasxva etapebze. sa-

kvlevi Tagvebis gansazRvruli populaciis radiorezistentobis 

konkretuli donis dadgenisTvis ganxorcielda erTjeradi to-

taluri gama-dasxiveba 3.0 da 4.5 grei dozebiT. rogorc suraTidan 2 

Cans (diagrama 2-2, 2-3), am variantebSi dafiqsirda sicocxlis 

saSualo xangrZlivobis daqveiTeba, Sesabamisad – 85 da 70 kviramde 

dausxivebeli variantebis 89-kvirian donesTan SedarebiT. sakvlevi 

modelis dozuri kumulaciis dinamikis SeswavlisTvis Catarda 

fraqciuli gama-dasxiveba. 

4.5 grei doziT dasxivebuli cxovelebi daeqvemdebarnen ganmeorebiT 

dasxivebas postradiaciuli periodidan 6 da 12 Tvis Semdeg. ro-

gorc suraTidan 2 Cans (diagrama 2-4 da 2-5), miuxedavad imisa, rom 
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jamuri doza orive jgufis cxovelebisTvis erTnairia, maTi 

sicocxlis xangrZlivobis maxasiaTeblebi arsebiTad gansxvavdeba 

erTmaneTisgan: Tu pirvel SemTxvevaSi, rodesac fraqciuli dasxi-

veba Catarda postradiaciuli periodis me-6 Tves, sicocxlis xan-

grZlivobis maCvenebeli ar aRemateboda 57 kviras, postradiaciuli 

periodis 12 Tvis Semdeg ganxorcielebuli fraqciuli dasxivebisas 

igive maxasiaTebelma Seadgina 64 kvira. 

mTlianobaSi, miRebuli monacemebis interpretaciis dros aSkaraa, 

rom dasxivebis Soreuli Sedegebi Cndeba im meqanizmebis radia-

ciuli rRvevis Sedegad, romlebic ganapirobebs organizmis ho-

meostazs. 

 
sur. 2. dasxivebis gavlena sacdeli cxovelebis sicocxlis xangrZli-

vobaze. 1 – sakontrolo (dausxivebeli); 2 – erTjeradi mwvave dasxiveba 4.5 

grei doziT; 3 – erTjeradi mwvave dasxiveba 3.0 grei doziT; 4 – 

fraqciuli dasxiveba doziT 7.5 grei (4.5+3.0), meore dasxiveba 6 Tvis 

Semdeg; 5 – fraqciuli dasxiveba doziT 7.5 grei (4.5+3.0), meore dasxiveba 12 

Tvis Semdeg 

dReisTvis ar arsebobs saboloo mosazreba aseTi darRvevebis im 

konkretuli meqanizmebis Sesaxeb, romlebsac organizmi sicocxlis 

saSualo xangrZlivobis radiaciul daqveiTebasa da radiaciul 

daberebasTan mihyavT. amis gamo, xangrZlivi sicocxlis genetikuri 

memkvidreobis sakiTxi naklebad TvalsaCinoa mxolod genetikur 

doneze. c. godrikma [7], swavlobda ra xangrZlivi sicocxlis mem-

kvidruli gadacemis saerTo xasiaTs Tagvebis 4 inbridul da 6 

hibridul xazSi, aCvena, rom 6 hibriduli xazidan 5 aRmoCnda 
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zedominanturi, xolo erTSi aRiniSna xangrZlivi sicocxlis do-

minanturi memkvidruli gadacema [7]. 

genetikuri analizi adasturebs, rom daberebis faqtori genomSi 

warmodgenilia sul erTi lokusiT, romelic identuria yvela 

xazisTvis da moqmedebs meoreuli specifikuri faqtorebis Semdeg. 

avtorTa umravlesoba (damemkvidrebis) memkvidruli gadacemis ze-

dominantur efeqts xsnis heterozigoturi genebis gamovlenis alba-

Tobis gazrdiT, romlebsac ujredebis sicocxlisunarianobis Se-

narCunebis unari SeswevT damazianebeli faqtorebis (temperatura, 

radiacia da a.S.) zemoqmedebis ufro farTo diapazonSi. udavoa is 

faqti, rom dazianebebi Cndeba ujredul doneze da vlindeba 

struqturebisa da fiziologiur-bioqimiuri procesebis rRvevaSi 

qsovilebSi, organoebsa da mTel organizmSi. 

amgvarad, dasxivebul cocxal organizmTan mimarTebaSi Cven mier 

miRebulma Sedegebma kidev erTxel aCvena kompleqsuri kvlevebis 

ganxorcielebis saWiroeba sistemur-organizmul doneze. 

cocxali organizmis `radiaciuli daberebis~ procesi da sicocx-

lis saSualo xangrZlivobis daqveiTeba miekuTvneba universalur 

Soreul radiobiologiur efeqtebs [8]. cnobilia, rom postra-

diaciul periodSi daberebis intensivobis maCveneblis zrda xasiaT-

deba Sinagani kanonzomierebebiT. amasTanave, arsebobs radiaciuli 

daberebis raRac individualuri specifika, rac gamoixateba orga-

nizmis ganviTarebis TaviseburebebiT – misi sxvadasxva sistemebis 

asakobrivi cvlilebebis doniT [2, 10]. swored amiT ganisazRvreba 

daberebasa da paTologiebTan dakavSirebuli mravali individua-

luri Tavisebureba, romliTac aixsneba ama Tu im daavadebis 

gamovlena xandazmul da daberebul organizmebSi [14]. 

bunebrivia, rom postradiaciuli procesebis integrirebuli ana-

lizis dros mniSvnelovani adgili ukavia centraluri nervuli 

sistemis (cns) fiziologiur maCveneblebs normasa da sxvadasxva 

paTologiebis gamovlenisas [6]. cnobilia, rom cns-is biologiuri 

organizaciiT ganisazRvreba misi gansakuTrebuli mniSvneloba 

organizmis funqciebis integrirebaSi. erTi mxriv, is uzrunvelyofs 

ufro dasrulebul SeguebiT reaqciebs, romlebic mimarTulia 

organizmis sicocxlisunarianobis amaRlebisken da, meore mxriv, 

TviT cns-Si gaCenili arsebiTi asakobrivi cvlilebebi xdeba orga-

nizmis daberebis wamyvani faqtori. 

daberebisas Seguebis formirebis rTul procesebSi, cxadia, cen-

tralur adgils ikavebs nervuli ujredi (neironi) misi recep-
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toruli, integraluri, gamtari da efeqtoruli funqciebiT. amitom 

neironebis metabolizmis, struqturis, funqciis asakobrivi cvli-

lebebis mniSvneloba SeiZleba Sefasdes im rolidan gamomdinare, 

romelsac cns asrulebs radiaciuli daberebis gamovlenaSi. 

daberebisas fiziologiuri meqanizmebis Seswavla sibereSi paTo-

logiebis ganviTarebis unaris mqone konkretuli Zvrebis arsis 

dadgenis saSualebas iZleva. 

amgvarad, cns-is doneze radiaciuli daberebis modelis kvlevam 

SeiZleba mniSvnelovnad gaafarToos Cveni Sexeduleba Soreuli ra-

diobiologiuri efeqtebis formirebis Sesaxeb. Tanamedrove Tval-

TaxedviT, aRniSnuli modeli SeiZleba warmatebiT gamoviyenoT 

mwvave radiaciuli zemoqmedebis Sedegad ganviTarebuli postra-

diaciuli tkivilis mgrZnobelobis Sesaswavlad. miuxedavad imisa, 

rom am efeqtis mniSvneloba dadasturebulia mravalricxovan 

SromebSi, dasxivebis Soreuli moqmedebis sakiTxi jer kidev 

sakmarisad ar aris gamokvleuli [3]. amasTan dakavSirebiT, Seve-

cadeT tkivilis efeqtebi gamogvekvlia radiaciuli zemoqmedebis 

realizaciidan xangrZlivi periodis gasvlis Semdeg. 

eqsperimentma aCvena, rom maionizebeli radiaciis zemoqmedebidan 

erTi wlis gasvlis Semdeg, sacdel cxovelebSi statistikurad 

sarwmunod gaizarda aRniSnuli refleqsebis faruli periodi da 

meqanikuri zewolis zRurbli. Tu gaviTvaliswinebT postradia-

ciuli periodis xangrZlivobas (12 Tve), cxadi gaxdeba, rom saqme 

gvaqvs kompleqsuri araspecifikuri reaqciis formirebasTan, ro-

melSic mniSvnelovani adgili ukavia radiaciuli daberebis pro-

cesebs. radiaciuli daberebis fiziologiuri meqanizmebis Seswavla 

saSualebas iZleva dadgindes im konkretuli Zvrebis arsi, rom-

lebic ganapirobebs sibereSi paTologiis ganviTarebas. 

daberebis procesis modelirebis sakiTxi arasakmarisad aris Ses-

wavlili. modelTa umravlesoba, romlebic mimarTulia Secvlili 

sistemebis droebiTi daxasiaTebisken, yovelTvis ar iZleva 

saSualebas zustad iqnas dadgenili mizez-Sedegobrivi kavSirebi 

fiziologiuri daberebis mravalsafexurian procesebs Soris. 

rogorc suraTidan 3 Cans, Cven mier gamoyenebul dozaTa intervali 

eqsperimentulad daberebul cxovelTa populaciis miRebis 

saSualebas iZleva. 

amasTan dakavSirebiT, metad mniSvnelovania gaimijnos ori radio-

biologiuri procesi, kerZod: 1) uSualo radiaciuli dasxiveba im 

qsovilis, romliTac ganisazRvreba tkiviliT gamowveuli reaqcia 

da 2) radiaciuli daberebis Sedegad organizmis sistemuri cvli-
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lebebi. Tu gaviTvaliswinebT r. dirksenis [3] mier Catarebuli 

kvlevebis Sedegebs, calkeuli nervuli qsovilis dasxiveba ar 

iwvevs Cveni eqsperimentis Sedegis msgavs efeqts. rogorc suraTidan 

3 Cans, postradiaciuli periodis 12 Tvis Semdeg, testirebis 

sxvadasxva meTodebiT miRebulia tkivilis sapasuxo reaqciis inten-

sivobis sarwmuno daqveiTeba. 

 
sur. 3. Soreuli radiaciuli efeqtebis formireba tkivilis reaqciis 

doneze. A – kudis moqnevis testuri reaqcia; B – cxel filaze sapasuxo 

reaqciis testuri reaqcia; 1 – sakontrolo; 2 – dasxivebuli jgufi 

daskvna 

dadgenil iqna, rom erTnairi jamuri dozuri datvirTvis dros 

(erTjeradi da fraqciuli mwvave dasxiveba) TagvebSi radiaciuli 

efeqtis formireba ganicdis mniSvnelovan cvlilebebs. es faqti 

aucileblad gasaTvaliswinebelia eqsperimentebis dagegmvisas, 

romlebic dakavSirebulia laboratoriuli cxovelebis sicocxlis 

saSualo xangrZlivobis maCveneblebze sxvadasxva mamodificirebeli 

faqtorebis gavlenasTan. 

TagvebSi Soreul postradiaciul periodSi aRniSnuli tkivilis 

reaqciis gamomxatveli dacviTi refleqsebis faruli periodebisa 

da meqanikuri zRurblis gazrda miuTiTebs, upiratesad, centralur 

nervul sistemaSi ganviTarebuli procesebis daqveiTebaze. sakiTxi – 

Tu ramdenad aris dakavSirebuli aRniSuli procesebi uSualod 

postradiaciul daberebasTan, saWiroebs Semdgom kvlevas. 
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ДЕЙСТВИЕ ИОНИЗИРУЮЩЕЙ РАДИАЦИИ НА ПРОДОЛЖИТЕЛЬНОСТЬ 
ЖИЗНИ И ЧУВСТВИТЕЛЬНОСТЬ К БОЛИ У ЖИВЫХ ОРГАНИЗМОВ 

Михаил Гогебашвили,  Мераб Цагарели,  Ивлиане Нозадзе,  Нази Иванишвили 

Центр экспериментальной биомедицины им. И. Бериташвили, Тбилиси 

РЕЗЮМЕ 

В работе изучается закономерность действия гамма-излучения применительно к продол-
жительности жизни лабораторных белых мышей. Показано, что независимо от суммарной 
дозы радиации, предельная продолжительность жизни экспериментальных групп животных 
существенно различается. В частности, через 6 и 12 месяцев после первого облучения (4.5 
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Гр), при фракционном облучении 3 Гр наблюдалась разница в показателях продол-
жительности жизни более 7 недель. Этот факт еще раз доказывает важность учета динами-
ческих показателей и уровня радиочувствительности этого процесса при исследовании 
действия ионизирующего излучения на продолжительность жизни живых организмов. 

Для изучения отдаленных пострадиационных эффектов на уровне болевой чув-
ствительности белых мышей, показано, что замедление болевой ответной реакции может 
быть следствием радиационного старения организмов и связанных с этими изменениями в 
центральной нервной системе. 

THE EFFECT OF IONIZING RADIATION ON LIFE EXPECTANCY 
AND SENSITIVITY TO PAIN IN LIVING ORGANISMS 

Michael Gogebashvili,  Merab Tsagareli,  Ivliane Nozadze,  Nazi Ivanishvili  

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

SUMMARY 

The regularity of cumulative gamma-radiation doses are studied in this work with respect to the 
life span of laboratory white mice. It is shown that regardless of the total dose of radiation, 
ultimate radiation effect – life span of experimental animal groups is substantially different. 
Specifically, after 6 and 12 months from the first radiation exposure (4.5 Gy), more than 7 weeks 
difference in indicators of life span was observed during fractional irradiation by 3 Gy. This fact, 
once again, confirms the importance of taking into account the dynamic and radiosensitivity 
indicators of this process during research of ionizing radiation action on the life span of living 
organisms. In this work, which considers distant post-radiation effects at the level of formation of 
pain sensitivity in white mice, it has been shown that the reduction of behavioral responses to 
irritation can be a result of radiation aging of organisms and related changes in the central nervous 
system. 





 

 

 

 

221 

saq. mecn. erovn. akad. macne, biomed. seria, 2020, t. 46, # 5-6 ISSN-0321-1665 
Известия нац. АН Грузии, биомед. серия, 2020, т. 46, № 5-6 
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 5-6 

kanafis mowevis gavlena mxedvelobiT yuradRebaze: 

eeg-s, movlenasTan dakavSirebuli potencialebis 

analizi da neirofsiqologiuri Sefaseba 

Teona gubianuri1,  elene qoqraSvili1,  malxaz mayaSvili1,  

irma xaCiZe2 

1 ilias saxelmwifo universiteti, Tbilisi;  2 ivane beritaSvilis 

eqsperimentuli biomedicinis centri, Tbilisi 

winamdebare kvlevis mizani iyo kanafis mowevis gavlenis Seswavla 

mxedvelobiT yuradRebaze 30 kanafis xSirad da iSviaTad momxmarebelsa 

da 30 aramwevelSi. kvlevaSi gamoviyeneT mxedvelobiTi stimulebis gar-

Cevis testi, eleqtroencefalogramis (eeg) da movlenasTan dakavSirebuli 

potencialebis paraleluri registraciiT da, agreTve, Sultes cxrilebi 

da areuli xazebis testi. Trobis mdgomareobaSi cdis pirebma meti 

Secdoma dauSves areuli xazebis testSi, vidre fxizel mdgomareobaSi, 

agreTve, sakontrolo cdis pirebTan SedarebiT. kanafis xSir momxma-

reblebs aReniSnebodaT P300-is latenturi drois mateba sakontrolo 

jgufTan SedarebiT. kanafis momxmareblebSi N200-is amplituda naklebi 

iyo sakontrolo jgufTan SedarebiT. kvlevis Sedegebma daadastura 

kanafis moxmarebis uaryofiTi gavlena mxedvelobiT yuradRebaze. 

sakvanZo sityvebi: kanafi, eeg, movlenasTan dakavSirebuli potenciali 

kanafis momxmarebelTa ricxvis ganuxreli zrda msoflioSi [17], 

kanafis SemadgenlobaSi arsebuli fsiqoaqtiuri delta-9-tetrahid-

rokanabinolis (THC) Semcvelobis mateba axal hibridul jiSebSi 

da, rac mTavaria, mkveTrad winaaRmdegobrivi faqtebi kanafis moxma-

rebis fsiqikaze zegavlenis Sesaxeb [1-3, 5, 6, 10, 11, 14, 16] aRZravs 

interess THC-is nervul sistemaze zegavlenis Semdgomi Seswavlis 

mimarT. Cven SevamowmeT kanafiT Trobis fonze yuradRebis testebis 

Sesrulebis xarisxi da gavaanalizeT kvlevis monawileTa eeg da 

movlenasTan dakavSirebuli potenciali (Event-related potential, ERP). 
winamdebare naSromSi varCieT adgili dagveTmo kvlevis detaluri 

aRwerisTvis Sesavlis keTebis xarjze. amitom mokled vityviT, rom 
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am mimarTulebiT arsebuli samecniero monacemebic winaaRmdegob-

rivia [6, 7, 9 13, 19]. kvlevis meTodebi ki, Tumca mravalferovania, 

magram TiToeulis gamoyenebiT Catarebul kvlevaTa raodenoba 

mcire da raime daskvnis gamosatanad arasakmarisia. arsebobs kidev 

erTi mizezi, romelic gvibiZgebs msgavsi kvlevis Catarebisken. 

aucilebelia farTo sazogadoebis yuramde mivitanoT rac SeiZleba 

meti, ra Tqma unda, mecnierulad dasabuTebuli faqti kanafis 

mowevis mavneblobis Sesaxeb, raTa adamianma sworad Seafasos miTi 

am narkotikis sruli uvneblobis Sesaxeb da gaufrTxildes 

sakuTar janmrTelobas. 

masala da meTodebi 

kvlevaSi monawileoba miiRo 30-ma kanafis momxmarebelma xelmi-

sawvdomi SerCevis principiT. maTgan 18 iyo mamakaci, 12 – qali, asaki 

21-30 weli. gamovyaviT 2 jgufi: xSiri momxmareblebi (10 mamakaci da 

5 qali), romlebic moixmaren kviraSi 5-jer an metjer da iSviaTi 

momxmareblebi (8 mamakaci da 7 qali.), romlebic moixmaren kanafs 

kviraSi 1-2 jer. kvlevaSi aseve miiRo monawileoba 30-ma aramom-

xmarebelma (18 mamakaci da 12 qali, asaki – 28-30 weli). kvlevaSi ar 

gamoviyeneT im adamianebis monacemebi, romlebmac aRniSnes bolo 3 

Tvis ganmavlobaSi sxva fsiqoaqtiuri narkotikebis an didi rao-

denobiT alkoholis miReba (10 an meti alkoholuri sasmeli 

kviraSi), da gadaWarbebuli sigaretis moxmareba (30 an meti Reri 

dReSi). cdispirebs vTxoveT eeg-s Caweramde 24 saaTiT adre ar 

mieRoT alkoholi da kanafi, xolo Caweris win ar mieRoT kofeini 

da nikotini. yvela cdispiri iyo informirebuli kvlevis Sinaarsis 

Sesaxeb, maT moaweres xeli kvlevaSi monawileobis Tanxmobas. amav-

droulad, is cdispirebi, romlebic kvlevis procesSi eweodnen 

kanafs, arian misi momxmarebelni, sakuTari nebiT daTanxmdnen ka-

nafis mowevas eqsperimentis msvlelobis dros. cdispirebs gava-

caniT kvlevis Sinaarsi da miznebi. 

gamoviyeneT medikomis warmoebis aparati `encefalani~, eleqtro-

debis ganTavsebis 10-20 sistema, 24 eleqtrodiT. vizualuri Ziebis 

testSi, ERP-s registraciis meTodikuri rekomendaciis [18] mixedviT, 

viwerdiT cdispirebis eeg-s da ERP-s, 10 wuTis ganmavlobaSi, sa-

mizne stimuls vaCvenebdiT 300-jer, 400 ms ganmavlobaSi, 600 ms 

intervalebiT. am proceduras mosdevda Sesveneba, romlis ganmav-

lobaSi sakontrolo jgufis warmomadgenlebi isvenebdnen, xolo 

kanafis momxmareblebi eweodnen erT Rer kanafis sigarets – 0.40 

grami kanafis SemcvelobiT. imis gaTvaliswinebiT, rom am meTodiT 

mowevisas bolis daaxloebiT 50-60% ikargeba, cdispirebi moixmar-

dnen daaxloebiT 16-20 miligram THC-s. 10 wuTis ganmavlobaSi ve-
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lodebodiT kanafis zegavlenis dawyebas. respondentis mier kanafis 

gavlenis SegrZnebis dasturis Semdeg ganmeorebiT viwerdiT eeg-s 

da ERP-s. ERP-is analizisTvis gamoviyeneT programa EEGLAB. 
zedmeti xmauris mosaSoreblad gamoviyeneT 100 Hz filtrebi zeda 

da 0.10 Hz – qveda zRvarisTvis. monacemebi daiyo 800 milisekundian 

epoqebad (intervalebad), romlebic Sedgeba 200 milisekundisgan. 

MAT-LAB-is meSveobiT dadginda konkretuli komponentebis 

amplitudasa da latenturi drois gansxvavebebis sandooba. 

vizualuri Ziebis testSi mxedvelobiTi stimulebis eqspozicia 

xdeboda monitoris ekranze. ekranze erTdroulad Cndeboda xuTi 

stimuli – sami vertikalurad, ori ki vertikaluri stimulebidan 

Suas marjvniv (a) da marcxniv (b). piroba aseTi iyo: Tuki a 

gansxvavdeba vertikalurad ganlagebuli romelime stimulisgan, 

respondents evaleba daaWiros TiTi Tagunas marjvena Rilaks, 

xolo Tuki gansxvavdeba b – marcxena Rilaks. Tu a da b SuaSi 

arsebuli sami naxatidan romelimes msgavsia, maSin respondenti ar 

aWers Rilaks. pasuxebi avtomaturad aRiricxeboda da muSavdeboda 

Sesabamisi programiT. mxedvelobiTi yuradRebis neirofsiqologiur 

kvlevaSi gamoviyeneT Sultes da areuli xazebis testebi, romlebic 

kargad cnobili da mravaljer aprobirebulia da amitom maTi deta-

luri aRwerisgan Tavs vikavebT. aRniSnuli testebi mwevelTa jgufs 

Cautarda orjer. pirvelad – fxizel mdgomareobaSi da meored – 

ori Tvis Semdeg kanafis Trobis qveS. daswavlis faqtori gamoric-

xuli iyo, ramdenadac cdispirebs yovel jerze miewodebodaT gan-

sxvavebuli ganlagebis elementebis (cifrebi, xazebi) mqone nimuSebi. 

miRebuli Sedegebi 

yvela cdispirma warmatebiT gaarTva Tavi Sultes tests da 

gansxvaveba jgufebs Soris ar aRmoCnda statistikurad sando. 

areuli xazebis testSi, mwevelebma fxizel mdgomareobaSi SeZles 

saSualod 16.2 SD = 4.3 xazis daboloebis povna 10 wuTis ganmav-

lobaSi, narkotikiT Trobis SemTxvevaSi – 12.7, SD = 5.6. xolo 

sakontrolo jgufma SeZlo 16.7-is, SD = 3.7 xazis daboloebis 

moZebna. damoukidebeli jgufebis t-testis mixedviT gansxvaveba 

sakontrolo jgufsa da Trobis mdgomareobaSi myof mwevelebs 

Soris statistikurad mniSvnelovani aRmoCnda (t(58) = -3.193, p = .035). 
Effect size (Cohen’s d) = 0.83. msgavsi Sedegi ar dafiqsirebula 

sakontrolo jgufsa da fxizel mdgomareobaSi myof kanafis mom-

xmarebel individebs Soris (t(58) = -.45, p = .65). T-kriteriumi dawyvi-
lebuli qulebisTvis gamoTvlis Sedegad dadasturda gansxvavebis 

arseboba mwevelebis or mdgomareobas Soris. kanafis momxmareblebs 
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fxizel mdgomareobasa (M = 16.2 SD = 4.3) da kanafis momxmarebeli 

Trobis mdgomareobas (M = 12.7, SD = 5.6) Soris dafiqsirda sxvaoba 

(t(29) = -3.96, p = .016). 

kanafis momxmareblebis pirvel da meore eeg Canawers Soris 

gansxvavebis SemCneva SeuiaraRebeli TvaliTac iyo SesaZlebeli. 

ramdenadac davaleba, romlis Sesrulebac moiTxovda mudmiv 

yuradRebas, pirveli Canaweris ganmavlobaSi ZiriTadad SeimCneoda β 
(14-30 Hz) talRebi. kanafis miRebis Semdeg ukve SesaZlebeli iyo α 
(8-13 Hz) talRebis SemCneva. 

ERP-is analizisTvis specialuri yuradReba eqceoda Pz-is mona-

cemebs, ramdenadac swored es eleqtrodi aris ganTavsebuli Txemis 

wilSi, sadac kvlevebis mixedviT P300 gansakuTrebiT SesamCnevia [8]. 

P300-is latenturi drois da amplitudis gasazomad avirCieT 290-650 

milisekundiani fanjara (am drois intervalSi aRmocenebuli 

pozitiuri pikebi SeiZleba CaiTvalos P300-ad), ramdenadac P300-is 
amplituda metyvelebs kognituri procesebis arsebobaze, romelTa 

movaleobaa stimulis kategorizacia. xSiri mwevelebis SemTxvevaSi, 

fxizel mdgomareobaSi P300 aRmocenda 450 milisekundze, misi 

amplituda M = 1.02, SD = 0.3 µV. Trobis mdgomareobaSi myofi xSiri 

mwevelebis SemTxvevaSi P300-is latenturi periodi fxizel mdgo-

mareobasTan SedarebiT dagvianebulia. igi aRmocenda stimulis 

wardgenidan 530 milisekundSi (ix. sur. 1). aRniSnul droSi sxvaoba 

programis mixedviT statistikurad sandoa (p = .03). droSi sxvaobis 
miuxedavad, amplitudaSi gansxvaveba ar SeimCneva. kanafis iSviaTi 

momxmareblebi fxizel da Trobis mdgomareobaSi gansxvavdebodnen 

P300 komponentis latenturi periodiT 305 da 320 ms, Sesabamisad 

(p = .141). sakontrolo jgufSi P300-is aRmocenebis latenturi 

periodi iyo 310 ms, amplituda M = 1.5, SD+0.5 mV (ix. sur. 2). es 

monacemi statistikurad sarwmunod gansxvavdeboda xSiri mom-

xmareblebis monacemisgan (orive, fxizel da Trobis mdgomareobaSi, 

Sesabamisad p = .024 da p = .02). N200-is latenturoba da amplituda 

gavzomeT stimulis wardgenidan 150-300 milisekundian fanjaraSi (am 

drois intervalSi aRmocenebuli negatiuri pikebi SeiZleba 

CaiTvalos N200-ad). gansakuTrebiT gavamaxvileT yuradReba Fz 
eleqtrodis monacemebze, ramdenadac swored es eleqtrodi aris 

ganTavsebuli Sublis wilSi, xolo N200 asocirdeba inhibiciasTan 

da swored Sublis wilSia kargad SesamCnevi [4]. kanafis xSir 

momxmareblebSi, fxizel mdgomareobaSi N200 aRmocenda 140 ms la-

tentobiT M = -1.1, SD = 0.6 µV amplitudiT. xSiri mwevelebis Trobis 

mdgomareobis SemTxvevaSi 150 milisekundis Semdeg M = -1,2, SD = 0.5 
µV. N200-is latentur periodsa da amplitudaze ar mouxdenia 
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gavlena kanafis miRebas xSir da iSviaT mwevelebSi. rac Seexeba 

sakontrolo jgufs, maTTan N200-is SemCneva gaxda SesaZlebeli 

SedarebiT gvian 210 milisekundis Semdeg, mwevel jgufebTan Sedare-

biT ufro maRali amplitudiT M = 3.5, SD = 0.8 µV. gansxvaveba dafiq-

sirda kanafis xSir momxmareblebsa (fxizel da Trobis mdgomareobasa) 

da sakontrolo jgufSi N200 is amplitudas Soris (p = .03), (p = .04). 

 

xSiri mweveli 

fxizel 

mdgomareobaSi 

xSiri mweveli 

Trobis 

mdgomareobaSi 

suraTi 1 

 

suraTi 2. 

sakontrolo 
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Sedegebis ganxilva 

kanafis mowevis zegavlena gamoaSkaravda areuli xazebis testSi da 

ara Sultes testSi. SesaZloa es ganpirobebuli iyos imiT, rom 

areuli xazebis testis Sesruleba gacilebiT met gonebriv daZabvas 

moiTxovs, vidre Sultes testis Sesruleba. kanafis mowevis Semdeg 

eeg-s CanawerSi α talRebis mateba unda iyos kanafis maTrobela 

efeqtis Sedegi, ramdenadac es talRebi asocirdeba relaqsaciasa 

da TvlemasTan. msgavsi Sedegi dasturdeba sxva kvlevebSic [12]. 

sainteresoa, rom sakontrolo jgufSi da kanafis xSir momxmare-

blebSi, maT fxizel mdgomareobaSi, P300-is amplituda msgavsia, 

magram kanafis momxmareblebSi momatebulia P300-is aRmocenebis la-

tentoba. rogorc Cans, kanafis xSir momxmareblebs SedarebiT didi 

dro sWirdebaT mxedvelobiTi stimulis kategorizaciisTvis, vidre 

sakontrolo jgufis warmomadgenlebs. aRniSnuli faqti ar gamov-

lenila iSviaT mwevelebSi, rac adasturebs mosazrebas, rom, rac 

ufro xSirad eweva adamiani kanafs, miT ufro gviandeba P300 kom-
ponenti [15]. 

N200-is ufro dabali amplituda kanafis xSir da iSviaT momxma-

reblebSi sakontrolo jgufTan SedarebiT gvafiqrebinebs, rom 

kanafis momxmareblebs ufro gauWirdaT mxedvelobiT gamRiziane-

belze arasasurveli reaqciis (araswori pasuxis) gakontroleba, 

daTrgunva. kvlevis Sedegebi adasturebs im mosazrebas, rom kanafis 

moxmarebis Sedegad izrdeba impulsuri qceva da qveiTdeba TviT-

kontroli [15]. 

cdis monawileebma aRniSnes, rom kanafs relaqsaciis mizniT ewevian. 

am narkotiks marTlac aqvs es efeqti, rac Cvens kvlevaSi eeg 

CanawerSi gamoCnda kidec. magram ar arsebobs garantia, rom kanafis 

mowevis Semdeg adamiani, relaqsirebul da ufro metic, modunebuli 

mxedvelobiTi yuradRebis pirobebSi (rac kvlevam gamoavlina) 

manqanis saWes ar miujdeba an frTxilad iqneba samanqano gzis 

gadakveTisas, yuradRebas miaqcevs SuqniSans da ase Semdeg. 

miRebuli monacemebi imasac gviCvenebs, rom aRniSnuli riskis qveS 

adamiani imyofeba ara mxolod uSualod kanafis mowevis Semdeg, 

aramed fxizel mdgomareobaSic, Tu is kanafis xSiri momxmarebelia. 

saeWvoa, rom modunebuli yuradReba, gansakuTrebiT kanafis xSir 

momxmareblebSi, xels uwyobdes informaciis aTvisebasa da pro-

fesiul zrdaSi. imedi gvaqvs, rom jandacvis da ganaTlebis sferos 

warmomadgenlebi Cven mier miRebul monacems yurad iReben da 

gamoiyeneben antinarkotikuli propagandisTvis. es informacia al-

baT damafiqrebeli mainc iqneba im adamianebisTvisac, romlebic 
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upasuxismgeblod amtkiceben kanafis moxmarebis srul uvneblobas 

mas-mediiT an pirad saubarSi. 

daskvna 

kanafis moxmareba azianebs mxedvelobiT yuradRebas. es faqti unda 

iqnas gaTvaliswinebuli jandacvis saministrosa da narkopolitikis 

mesveurebis mier. amavdroulad, aucileblad unda gaizardos sa-

zogadoebis cnobadoba, gansakuTrebiT axalgazrdebis, kanafis mox-

marebis prevenciis mizniT. 
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ВЛИЯНИЕ КУРЕНИЯ КАННАБИСА НА ЗРИТЕЛЬНОЕ ВНИМАНИЕ: 
НЕЙРОПСИХОЛОГИЧЕСКИЙ И ЭЭГ АНАЛИЗ 

Теона Губианури1,  Елене Кокрашвили1,  Малхаз Макашвили1,   
Ирма Хачидзе2 
1 Государственный университет Ильи;  2 Центр экспериментальной биомедицины 
им. И. Бериташвили, Тбилиси 

РЕЗЮМЕ 

Целью работы являлось изучение воздействия курения каннабиса на зрительное внимание 
тридцати субьектов, систематически и периодически потребляющих каннабис и тридцати 
контрольных некурящих. Были использованы таблицы Шульте, тест перепутанных линий, а 
также тест обнаружения зрительного стимула в комбинации с регистрацией вызванных 
потенциалов. Под влиянием каннабиса участники допустили больше ошибок в тесте 
перепутанных линий, чем в трезвом состояни и также по сравнению с контролем. 
Латентность P300 была повышена у участников, систематически потребляющих каннабис, 
по сравнению с контролем. Амплитуда N200 была ниже у потребителей каннабиса, по 
сравнению с контролем. Предположительно, потребление каннабиса отрицательно сказы-
вается на зрительное внимание. 

THE IMPACT OF SMOKING CANNABIS ON VISUAL ATTENTION:  
EEG AND NEUROPSYCHOLOGICAL ANALYSIS 

Teona Gubianuri1,  Elene Kokrashvili1,  Malkhaz Makashvili1,  Irma Khachidze2  
1 Ilia State University;  2 Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi 

SUMMARY 

Current study was aimed at the investigation of the impact of smoking cannabis on visual attention 
in 30 cannabis frequent and occasional users, as well as in 30 nonsmoking controls. Visual 
stimulus detection test, in combination with the registration of EEG and Event related potentials, 
as well as the Schulte Tables and the Tangled lines test were used in the study. Cannabis users 
under the influence made more errors in the tangled lines test, as compared to the sober cannabis 
users and control subjects. Latency of the P300 was found increased in the frequent users of 
cannabis, as compared to the control group. The amplitude of N200 was less in cannabis users, as 
compared to the control group. The results obtained suggest the negative impact of cannabis use 
on the visual attention. 



 

 

 

 

229 

saq. mecn. erovn. akad. macne, biomed. seria, 2020, t. 46, # 5-6 ISSN-0321-1665 
Известия нац. АН Грузии, биомед. серия, 2020, т. 46, № 5-6 
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 5-6 

politravmul pacientebSi grZeli lulovani 

Zvlebis dazianebis mkurnalobis Tanamedrove  

koncefcia – DAMAGE CONTROL 

nugzar elizbaraSvili,  Sadiman saxvaZe,  koba sirbilaZe,  

vaJa kaxniZe 

akad. n. yifSiZis sax. centraluri sauniversiteto klinika, Tbilisi 

Damage control aris axali taqtika kritikul mdgomareobaSi myofi poli-

travmiT daavadebulTa mkurnalobis organizebisTvis. orTopediaSi dazianebis 

kontroli gamoiyeneba pacientebisTvis, romlebsac aqvT Tavis tvinis, xer-

xemlis, gulmkerdis, Sinagani organoebis Serwymuli travma. am diagnozebis 

formulireba maqsimum 1 saaTSi unda moxdes Sesabamisi gadaudebeli daxma-

rebis organizebiT. mkurnaloba iyofa or etapad: etapi 1 – aseT pacientebSi 

minimaluri travmatologiuri manipulaciebi tardeba dazianebis momentidan 

pirvel 24 saaTSi. magaliTad, garegani fiqsaciis aparatis dadeba, TabaSiris 

imobilizacia an ConCxovani daWimva, rac Sinagan organoebsa da Tavis tvinze 

Catarebuli operaciis Semdeg xorcieldeba; etapi 2 – sruli stabilizaciis 

Semdeg dazianebis momentidan 4-14 dReSi tardeba saboloo osteosinTezi. 

sakvanZo sityvebi: lulovani Zvlebi, motexiloba, politravma, garegani 

fiqsaciis aparati 

bolo aTwleulebSi travmatizmis zrdasTan erTad gaizarda im po-

litravmebis raodenoba, romlebic sxvadasxva organoebis Ser-

wymuli da mravlobiTi dazianebiT mimdinareobs. es SeuZlebels 

xdis aRdgeniTi operaciebis erT etapad gakeTebas. aseTi pacien-

tebis mkurnalobis warmateba ganisazRvreba ara marto gamocdili 

specialistebis yoliT, aramed mTeli rigi axali midgomebiT, 

romelic gamomuSavebulia Tanamedrove qirurgiis, anesTeziis da 

reanimaciis miRwevebiT. 

politravmuli pacientebis daxmarebis daxvewa yvelaze aqtualuri 

amocanaa Tanamedrove travmatologiisTvis, rameTu is warmoadgens 

sikvdilianobis ZiriTad mizezs axalgazrda da saSualo asakis 
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mosaxleobaSi. politravmuli pacientebis 70%-s aReniSneba grZeli 

lulovani Zvlebis seriozuli dazianeba, rac amZimebs zogad 

mdgomareobas da aZnelebs mkurnalobas. 

meore mxriv, es motexilobebi ar warmoadgens sicocxlis uSualo 

safrTxes da maTi mkurnaloba SesaZloa daiyos or an met etapad. 

pirvel etapze usafrTxo, ubralo meTodis gamoyenebiT, Semdgom ki 

rTuli aRdgeniTi operaciuli mkurnalobiT, romelic Catardeba 

pacientis mdgomareobis sruli an nawilobrivi kompensaciiT da 

misi sicocxlis minimaluri riskebiT. 

80-ian wlebSi mowodebul iqna gadaudebeli totaluri daxmarebis 

koncefcia – ETC (early total care), romelic uSvebda erTmomentian 

qirurgiul Carevas pirvel 24 saaTSi. igulisxmeba rogorc Sinagani 

organoebis, aseve orTopediuli dazianebebi. ETC koncefcia gaxda 
politravmuli pacientebis daxmarebis aRmoCenis oqros standarti. 

is universalurad gamoiyeneboda dazaralebulTa yvela jgufSi, 

miuxedavad dazianebaTa simZimisa. osteosinTezis Semdeg avadmyofebi 

xdebodnen mobilurebi, rac amcirebda filtvismier garTulebebs, 

motexilobis zonidan wydeboda tkivilis impulsacia, xdeboda 

sisxldenis adekvaturi SeCereba, rac amcirebda Sokis xangrZli-

vobas. am koncefcias hqonda aseve ekonomikuri efeqti, vinaidan 

mcirdeboda mkurnalobis vadebi. TumcaRa, 80-ian wlebis bolos 

travmatologiuri qirurgiis ganviTarebam aCvena, rom aseTi midgoma 

araefeqturia im pacientebSi, romelTac aReniSneba kritikuli 

dazianebebi. 

dazianebulebSi xangrZlivi operaciuli Careva, gansakuTrebiT qa-

la-tvinis, gulmkerdis, muclis Rrus organoebis dazianebiT, 

romelTac aReniSnebodaT arastabiluri hemodinamikuri maCveneb-

lebi, mTavrdeboda letalobiT rogorc operaciis dros, aseve 

adreul postoperaciul periodSi. viTardeboda poliorganuli uk-

marisoba, pnevmonia, sefsisi. 

ucxour literaturaSi am periods uwodeben momijnave mdgomareo-

bis eras – the borderline era. momijnave mdgomareobebis Sesafaseblad 

1990 w. politravmis marTvis honoveris skolis mier SemoTavazebuli 

iqna sistema – damage control (DCS) – dazianebaTa kontroli. aRniS-

nuli principi gvTavazobs qirurgiuli daxmarebis or an met etapad 

dayofas, rodesac gadaudebeli qirurgiuli Carevis travmatuloba 

da xangrZlivoba aRemateba organizmis funqciur SesaZleblobebs, 

xolo dazianebuli struqturebis erTmomentian da saboloo 

aRdgenas mivyavarT dazaralebulis sikvdilamde an mZime posto-

peraciul garTulebamde. am ori sistemis – ETC da DCS Seda-
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rebisas, G. Taeger da Tanaavtorebi [19] aRniSnaven, rom DCS-is dros, 
operaciuli sisxlis danakargi 10-jer naklebia, Semcirebulia aseve 

operaciuli Carevis damatebiTi travmuli zemoqmedeba da postope-

raciuli garTulebebi. 

termini – damage control surgery mowodebulia 1993 w. M. Rotondo-is da 
Tanaavtorebis mier [17]. 

muclis Rrus organoebis dazianebebi qirurgebisTvis Sedgeboda 

sami etapisgan. 

pirveli etapi – sisxldenis da baqteriuli dabinZurebis Semcireba. 

meore etapi – intensiuri antiSokuri Terapia reanimaciul gan-

yofilebaSi, romelic mimarTulia organizmis sasicocxlo funq-

ciis stabilizaciisken (hemotransfuzia, koagulopaTiis koreqcia, 

dazaralebulis gaTboba, hemodinamikuri maCveneblebis mxardaWera, 

ventilaciuri mxardaWera, acidozTan brZola da sxv.). 

mesame etapi – saboloo qirurgiuli Careva. 

2001 w J. Jonson da Tanaavtorebma gaafarToves damage control-is 

koncefcia da gamoyves meoTxe etapi – ground zero, rac gulisxmobs 

stacionaramde pirvelad samedicino daxmarebas (samkurnalo dawe-

sebulebaSi swrafi transportireba, sisxldenis SeCerebis minima-

luri manipulaciebis Catareba, hipoTermiis profilaqtika, masiuri 

transfuzuri TerapiisTvis momzadeba). 

aseTma praqtikam mniSvnelovnad gaaumjobesa mZime politravmebis 

gamosavali da bevr dazaralebuls SeunarCuna sicocxle, romlebic 

adre uperspeqtivod iTvlebodnen. 

dazianebaTa kontrolis protokolebi cal-calke iqna gamoyofili 

muclis Rrus, Torakaluri, qala-tvinis, spinaluri da orTope-

diuli travmebisTvis DCS (damage control surgery) qirurgiul da-

zianebaTa kontroli. 

mZime politravmebis dros ZiriTadi paTofiziologiuri darRve-

vebia: metaboluri acidozi pH 7.2 naklebi, hipoTermia, sxeulis 

temperatura 34°C naklebi, hipotenzia sistoluri a/w 90 mm v.w.s. 

naklebi, koagulopaTia, aqtivizebuli Tromboplastinis dro 60 

wamze meti. es triada gansazRvravs organizmis fiziologiur 

zRvars, romlis dros teqnikurad warmatebulad Sesrulebuli 

operaciac ki ganwirulia letaluri gamosavlisTvis. 
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praqtikaSi damage control-is warmatebuli gamoyenebisTvis saWiroa Sefas-

des sami faqtori: 1. sawyisi travmvis simZime (pirveli dartyma – the 
first hit), 2. pacientis biologiuri konstitucia, asaki, wona, Tanmxlebi 

daavadebebi, 3. aucilebeli operaciebis raodenoba xangrZlivobisa 

da sisxlis danakargis gaTvaliswinebiT (meore dartyma – the second hit). 

kritikul jgufSi myof pacientebSi pirvel etapze gamoiyeneba 

mxolod konservatiuli fiqsaciis meTodebi. funqciurad stabiluri 

osteosinTezebi am jgufSi gamoiyeneba meore etapze, zogadi mdgo-

mareobis stabilizaciis Semdeg, me-4-14 dRes travmvis miRebidan. 

amage control taqtikis gamoyenebisas travmatologis qmedeba mZime 

politravmebisas mdgomareobs SemdegSi: prioriteti eZleva opera-

ciebs muclis Rrus organoebis, mcire menjis, gulmkerdis, Tavis 

tvinis dazianebebisas. es pacientebi iyofa or an sam fazadac ki, 

pacientis simZimidan gamomdinare. stabilur da kritikul mdgo-

mareobaSi myof pacientebs, romlebsac aReniSneba grZeli lulovani 

Zvlebis dazianeba, pirvelive fazaSi edebaT garegani fiqsaciis 

aparati (arakerovani osteosinTezi), rogorc pirveladi safiqsacio 

saSualeba (EX FIX). 

akademikos n. yifSiZis sax. centralur sauniversiteto klinikaSi 

damage control koncefcia travmatologebis mier emerjensis gaxsnis 

dRidan gamoiyeneba. es koncefcia gamoiyeneba barZayis, menjis, 

grZeli lulovani Zvlebis motexilobebis, barZayis da wvivis trav-

muli amputaciebis dros. didi mniSvneloba eniWeba Semdegs: ra or-

ganoebis dazianeba erwymis sayrden-mamoZravebeli aparatis travmebs. 

yvelaze meti arakeTilsaimedo gamosavali da garTulebebi aqvs 

gulmkerdis da qala-tvinis dazianebebiT Serwymul travmebs. 

Damage control-is efeqturi gamoyenebisTvis politravmuli pacientebi 

iyofian oTx jgufad: stabiluri, gardamavali, arastabiluri, kri-

tikuli. miRebuli dazianebebis simZime ganisazRvreba qulebis Se-

fardebiT AJS da JSS, qala-tvinis travmis simZime – glazgos 

SkaliT (CGS), aseve a/w maCvenebeli, gulis ritmi, sunTqvis sixSire, 

hemoglobinis done, hematokriti. 

amrigad, Damage control – aris arastabilur da kritikul mdgoma-

reobaSi politravmebiT dazaralebulTa mkurnalobis taqtika. 

Damage control ortopedics – eqvemdebarebian is pacientebi, romelTac 

sayrden-mamoZravebeli sistemis dazianebaTa garda, aReniSnebaT qa-

la-tvinis, gulmkerdis, muclis Rrus da mcire menjis Serwymuli 

travmebi. 
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mkurnaloba Sedgeba ori etapisgan: pirveli etapi – dazaralebuls 

kritikul mdgomareobaSi travmvis miRebidan 24 saaTSive utardeba 

minimaluri travmatologiuri Carevebi, Tavis tvinisa da muclis 

Rrus organoebze operaciebis Semdeg edeba garegani fiqsaciis 

aparati, rogorc pirveladi safiqsacio saSualeba, TabaSiriT an 

orTeziT imobilizacia. 

meore etapze travmidan me-4-14 dRes sruli stabilizaciis Semdeg 

anesTeziologTan da reanimatologTan SeTanxmebiT tardeba 

saboloo aRdgeniTi operacia – osteosinTezi. 

am midgomiT ak. n. yifSiZis sax. centralur sauniversiteto kli-

nikaSi 2010-2020 wlebSi warmatebiT namkurnalebia 1238 pacienti 

sxvadasxva Serwymuli dazianebebiT. es midgomebi gamarTlebulia da 

Cvens kolegebs vuwevT rekomendacias gamoiyenon praqtikul saqmia-

nobaSi. 
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СОВРЕМЕННАЯ КОНЦЕПЦИЯ ЛЕЧЕНИЯ ПОВРЕЖДЕНИЙ ДЛИННЫХ 
ТРУБЧАТЫХ КОСТЕЙ У ПОЛИТРАВМАТИЧЕСКИХ БОЛЬНЫХ – 
DAMAGE CONTROL 

Нугзар Элизбарашвили,  Шадиман Сахвадзе,  Коба Сирбиладзе,   
Важа Кахнидзе 

Центральная университетская клиника им. акад. Н. Кипшидзе, Тбилиси 

РЕЗЮМЕ 

Damage control – это новая тактика организации лечения больных с политравмой, которые 
находятся в критическом состоянии. Damage control ortopedics – подлежат больные в 
сочетании с травмой головного мозга, позвоночника, грудной клетки, внутренних органов. 
Постановка этих диагнозов не должна занимать много времени – максимум 1 час при 
хорошей организации неотложной помощи. Лечение делится на два этапа: 1 этап – у таких 
пострадавших в первые 24 часа с момента травмы выполняется минимум травматоло-
гических манипуляций. Например, наложение аппарата внешней фиксации, гипсовая 
иммобилизация или скелетное вытяжение. После операции на внутренних органах и на 
головном мозге; 2 этап – через 4-14 дней с момента травмы после полной стабилизации 
выполнение окончательного остеосинтеза. 

THE MODERN CONCEPT OF TREATMENT OF LONG TUBULAR BONE 
DAMAGE IN POLYTRAUMATIC PATIENTS – DAMAGE CONTROL 

Nugzar Elizbarashvili,  Shadiman Sakhvadze,  Koba Sirbiladze,  Vazha Kakhnidze 

Acad. N. Kipshidze Central University Clinic, Tbilisi, Georgia 

SUMMARY 

Damage control is a new tactic for organizing the treatment of patients with polytrauma who are in 
critical condition. Damage control ortopedics is used for the patients with the trauma to the brain, 
spine, chest, internal organs. The formulation of these diagnoses should not take long, maximum 1 
hour with good organization of emergency care. Treatment is divided into two stages: Stage 1 – in 
such injured, a minimum of traumatological manipulations are performed in the first 24 hours from 
the moment of injury. For example, the imposition of an external fixation apparatus is plaster 
immobilization or skeletal traction. After surgery on internal organs and on the brain; Stage 2 – in 
4-14 days from the moment of injury after complete stabilization, the final osteosynthesis is 
performed. 
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maRali hiperdiploidiis prognozuli mniSvneloba 

mwvave leikemiiT daavadebul bavSvebSi 

alla zedginiZe1, 3,  asmaT Sengelaia2,  giorgi ormocaZe1,  

maia ruxaZe3,  Tamar WavWavaZe2 

1 iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi;  
2 m. iaSvilis sax. bavSvTa centraluri saavadmyofos onko-hemato-

logiuri departamenti, Tbilisi;  3 samedicino-kvleviTi centri 

`genezisi~, Tbilisi 

citogenetikuri kvleva Cautarda 88 mwvave leikemiiT daavadebul bavSvs. 18 

pacientTan (20%), ZiriTadad B-limfoblasturi formiT gamovlenil iqna 

maRali hiperdiploiduri kloni qromosomebis raodenobiT >50. miuxedavad 

imisa, rom cnobilia, rom bavSvTa leikemiis dros 50 qromosomaze meti 

raodenoba yovelTvis miuTiTebs keTilsaimedo gamosavalze, Cven davafiq-

sireT nawilobrivad heterogenuli Sedegebi. 

Cvens masalaze mkurnalobidan me-15 dRes davamtkiceT statistikurad sa-

rwmuno (χ2 = 3.88, p = 0.04) korelaciis arseboba medulogramaSi blastebis 

raodenobis maCveneblebsa da warmoqmnil garTulebebs Soris. agreTve, 

statistikurad sarwmuno kavSiri ikveTeba qromosomis raodenobasa da 

mkurnalobis me-15-e dRes pacientebSi blastebis raodenobasTan, Tumca 

kavSiri sarwmunobis zRvarzea (p = 0.05). 

Seswavlil masalaze gamovavlineT tetraploiduri klonis da damatebiTi 

qromosomuli aberaciebis dros miaxloebuli arakeTilsaimedo prognozi. 

SeiZleba davaskvnaT, rom qromosomebis hiperdiploiduri raodenoba erT-

erTi da ara erTaderTi faqtoria, romelic mizezobriv kavSirSia 

recidivis albaTobasTan. arakeTilsaimedo gamosavali moiTxovs Semdgom 

kvlevas imis gasarkvevad, Tu ratom aris araerTgvarovani prognozi 

pacientebSi maRali hiperdiploidiis dros. 

sakvanZo sityvebi: bavSvTa leikemia, maRali hiperdiploidia, prognozi 

bavSvTa asakis mwvave leikemiebi (ml) Tanamedrove medicinis umniS-

vnelovanesi problemaa. bavSvTa simsivnur daavadebebSi yvelaze 

gavrcelebulia leikemiebi. saqarTveloSi bavSvTa leikemiis sixSire 
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daaxloebiT iseTivea, rogorc msoflios sxva qveynebSi. yovel-

wliurad mwvave leikemiiT avaddeba 35-40 bavSvi. daavadebis piki 

vlindeba 2-dan 5 wlamde [2]. 

ganasxvaveben mwvave limfoidur (mll) da mieloidur (mml) formebs 

maTi qvevariantebiT. bavSvebSi ufro gavrcelebulia limfoiduri 

formebi, romlebic Seadgens 70-85%. aqedan 85%-Si dignostirdeba B-
formebi da 15%-Si – T mll. es ukanaskneli, rogor wesi, xasiaTdeba 

ukiduresad cudi prognoziT [3]. 

mwvave leikemiis diagnozi dasturdeba blasturi ujredebis 

matebiT Zvlis tvinis punqtatSi Sesabamisi citomorfologiuri, 

citogenetikuri da imunologiuri maxasiaTeblebis arsebobisas. 

miuxedavad didi warmatebebisa, rac ukanaskneli wlebis manZilze 

miiRweva bavSvTa leikemiis mkurnalobaSi, mainc rCeba didi safrTxe 

mkurnalobis procesSi sxvadasxva gauTvaliswinebeli garTulebebis 

warmoqmnisa, romlebic ganpirobebulia pacientis individualuri 

TaviseburebebiT. daaxloebiT msgavsi maCveneblebis mqone pacien-

tebSi daavadeba mimdinareobs sxvadasxvanairad da gamojanmrTe-

lebis Sansic gansxvavebulia, rac aucilebels xdis, rom TiToeuli 

sawyisi maCveneblis Rirebuleba intensiurad iqnas Seswavlili [12]. 

kvlevis Tanamedrove etapze didi mniSvneloba eniWeba genetikur 

maCveneblebs da im mutaciebs, romlebic Cndeba simsivnur uj-

redebSi [4]. leikemiis arsebobaze eWvis SemTxvevaSi yvela pacientis-

Tvis rekomendebulia citogenetikuri (kariotipi) da molekuluri 

genetikuri kvleva. qromosomuli cvlilebebis arseboba an arar-

seboba mwvave leikemiis mniSvnelovani diagnostikuri da progno-

zuli faqtoria [11]. 
cnobilia, rom limfoiduri leikemiebisTvis, qromosomebis struq-

turuli gardaqmnebis garda, damaxasiaTebelia qromosomebis raode-

nobis mateba (hiperdiploidia). ganasxvaveben zomier (47-49 qromoso-

mis ricxvi) da maRal hiperdiploidias (>50 qromosoma). pacientebi, 

romelTac aReniSnebaT zomieri hiperdiploidia, 15%-Si arakeTil-

saimedo prognoziT xasiaTdebian [10]. 

didi xnis ganmavlobaSi iTvleboda, rom bavSvTa leikemiis dros 50 

qromosomaze meti raodenoba yovelTvis miuTiTebs keTilsaimedo 

Sedegze. ukanasknel wlebSi ki dafiqsirda, rom mll-is dros 20-

30%-Si Sedegi heterogenulia [9]. 

arsebobs monacemebi, rom mll-is dros, tetraploidias miax-

loebuli qromosomebis ricxviT (82-94) sxva ploidur jgufebTan 
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SedarebiT, gaaCnia mZime prognozi SemTxvevaTa garkveul raode-

nobaSi (< 1%-ze) [8]. 

calkeul SromebSi aRiniSneba, rom qromosomebis 51-55 raodenobis 

dros prognozi uaresia, vidre ufro maRali hiperdiploidiis mqone 

SemTxvevebSi [6, 7]. cnobilia, rom daavadebis mimdinareobaze aseve 

moqmedebs qromosomebis damatebiTi struqturuli darRvevebis 

arseboba. Tumca, maRali piperdiploidiis dros heterogenuri 

pasuxis mizezi sabolood dazustebuli ar aris. 

maRali hiperploiduri kariotipis dros, ra Tqma unda, didi mniS-

vneloba aqvs sxva monacemebsac, kerZod, aucileblad gasaTvalis-

winebelia TiToeuli pacientis individualuri Taviseburebebi [9]. 

Cvens adreul gamokvlevebSi [1] naCvenebia mikrobirTvebis (qro-

mosomebis nawilis) raodenobis prognozuli mniSvneloba bavSvTa 

limfoblasturi leikemiebis dros. winamdebare Sromis mizania 

leikemiuri procesis sxvadasxva mimdinareobaze maRali heperdi-

ploidiis maCveneblebis gavlenis Seswavla. 

masala da meTodebi 

2018-2020 w.w. m. iaSvilis saxelobis saavadmyofos onko-hematologiur 

ganyofilebaSi Semosul 88 mwvave leikemiiT daavadebul bavSvs 

Cautarda citogenetikuri kvleva. analizi tardeboda Zvlis tvinis 

ujredebSi 2-saaTiani kultivirebis Semdeg. kariotipireba srul-

deboda aranakleb 25 metafazisa. 18 pacientSi (9 vaJi da 9 gogona 2-
14 wlis asakSi) aRiniSneboda maRali hiperdiploidia (>50 qro-

mosoma) (ix. cxrili 1). 

cxrili 1  

# 

saxeli, 

gvari, 

asaki, 

ricxvi 

leikemiis 

forma 
genet. maCven.  

Zv. tv. 

bl %

1 

dRes 

Zv. tv. 

bl % 

me-15 

dRes 

Zv. tv. 

bl % 

33-e 

dRes 

gamosavali 

1 
a. 4 wlis 

13.08.2018 

ALL 
(commonB) 46, XX / 56 t (9;22) 88,5% 

 < 5% 

(remisia)

 < 5% 

(remisia) 
remisia 

2 
b. 4 wlis 

19.10.2018 

ALL 
(commonB)  46, XX / 51  73% 

 < 5% 

(remisia)

 < 5% 

(remisia) 
remisia 

3 
a.2 wlis 

19.10.2018 

ALL 
(commonB)  57, XY 76,6% 

 < 5% 

(remisia)

 < 5% 

(remisia) 
remisia 

4 
m. 5 wlis 

14.11.2018 

ALL 
(commonB)   56, �� 53% 5% 

 < 5% 

(remisia) 
remisia 
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cxrili 1 (gagrZeleba) 

5 
m. 2 wlis 

03.01.2019 
ALL – T  

nanaxia 

poliploiduri 

metafazebi 90 qr. 

80,25% 21% 6% 

recidivi, 

utardeba 

antireci-

diuli qimio-

Terapia 

6 
s. 8 wlis 

11.02.2019 

ALLB/ 
mielod. 

fenotipi  
46, XY / 52 78,75% 

< 5% 

(remisia)

< 5% 

(remisia) 
remisia 

7 
C. 5 wlis 

12.04.19 

ALL – pro B 
fenotipi  55, XY 76,75% 23% 

 < 5% 

(remisia) 
remisia 

8 
k. 10 wlis 

20.05.2019 

ALL 
(commonB)  55, XY ( 27%) 77% 

 < 5% 

(remisia)

 < 5% 

(remisia) 
remisia 

9 
g. 5 wlis 

12.07.2019 

ALL 
(commonB)  46, XX / 53 (80%) 77% 

< 5% 

(remisia)

< 5% 

(remisia) 
remisia 

10 
g. 3 wlis 

08.08.2019 

ALL 
(commonB) 46, XX / 57( 53%) 70% 

< 5% 

(remisia)

< 5% 

(remisia) 
remisia 

11 
l. 4 wlis 

03.01.2020 

AML (M7) 
daunis 

sindromi  

47,XY+21 / 50,XY +21 
+21 +21 +22 (89%) 87% 

< 5% 

(remisia)

< 5% 

(remisia) 
remisia 

12 
g. 2 wlis 

03.02.2020 

ALL B/ 
miel. 

qvetipi  

46, XY / 53 (85%) 81,25%     

wavida 

sazRvargar. 

cnobebi ar 

gvaqvs 

13 
e. 9 wlis 

27.02.2020 

ALL 
(commonB)  46, XY / 54 (30%) 85% 

 < 5% 

(remisia)

 < 5% 

(remisia) 
remisia 

14 
j. 2 wlis 

01.07.2020 

ALL 
(commonB)  54, XY 72,25% 5% 

 < 5% 

(remisia) 

agrZel. 

mkurnal. 

CineTSi 

15 
C. 14 w 

09.07.2020 

ALL 
(commonB)  

46, ХХ, t(4;11)/ (15%)n/ 
58 XX 85% 19,5% 

< 5% 

(remisia) 

mors 

(gardacva-

leba) 

16 
g. 14 wlis 

03.07.2017 

ALL 
(commonB)  

46, XX,(80% ) / 51,XX 
(20% ) 64% 

5% 

(remisia)

< 5% 

(remisia) 

recidivi 

2020w.07. 

agrZelebs 

mkurnal.  

17 

g. 17 wlis 

15.07.2020 

(recidivi) 

3 w. Semdeg  

ALL 
(commonB) 
recidivi  

46XX, t(4q;11q) / 
51,XX, +9 +15 +21 +21 

+22, t(4q;11q) 
68%     

grZeldeba 

mkurnaloba 

18 
c. 14 wlis 

18.05.2020 

ALL 
(commonB)  

46, XY/46 XY t(8q,21q/ 
83 XY(30%) 66% 19,5% 

< 5% 

(remisia) 

grZeldeba 

mkurnaloba 

19 
z. 1 wlis 

19.10.2020 

ALL 
(commonB)  

46, XX (30%), 59, XXX, 
+1, +4, +6, +7, +8, +10, 
+12, +15, +17, +18, +18, 

+21 (70%)   

 84%      
grZeldeba 

mkurnaloba 

analizdeboda daavadebis istoriebi, gaTvaliswinebuli iyo 

leikemiis forma, blastebis raodenoba da pacientis mdgomareoba 

dinamikaSi (me-15 da 33-e dRe). 
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gamoiyeneboda saZiebo statistikis meTodi: K – saSualoTa klaste-

rizacia, Sedegebis statistikuri sarwmunobis Sesafaseblad 

gamoyenebul iqna mtkicebiTi statistikis meTodi – faqtoruli 

dispersuli analizi (Factorial ANOVA). 

Sedegebi da maTi ganxilva 

2018-2020 w.w. m. iaSvilis saxelobis saavadmyofos hematologiur 

ganyofilebaSi Semosuli 88 mwvave leikemiiT daavadebul bavSvs 

Cautarda citogenetikuri kvleva. 

18 pacientTan (20%) iqna gamovlenili hiperdiploiduri kloni, 

qromosomebis raodenobiT >50, romelTagan 15-Tan diagnostirebuli 

iyo mwvave limfoblasturi leikemia (14 – B forma da 1 – T forma), 
1-Tan – mieloblasturi leikemia da aseve 1 pacientTan – ALL B 
/mieloiduri qvetipi. pacientTa asaki iyo 1 wlidan 14 wlamde, 

maTgan 9 – biWi da 9 – gogona. 8 SemTxvevaSi hiperdiploiduri 

klonis qromosomebis ricxvi iyo 50-54, 8-Si – 55-59, rac iTvleba 

maRal hiperdiplodiad, xolo 2 SemTxvevaSi iyo miaxloebuli 

tetraploiduri kloni (SemTxveva 5 da 17), Sesabamisad 90 da 83 

qromosomiT. unda aRiniSnos, rom 11 SemTxvevaSi SenarCunebuli iyo 

kloni 46 qromosomiT, sadac 3-Si aRiniSneboda anomaliuri kloni (1 – 

daunis sindromiT pacientSi trisomia 21, 1-Si t (4;11) da 1-Si t(8;21)). 
qromosomuli maCveneblebi Sedarebuli iyo leikemiis procesis 

mimdinareobasTan. klinikaSi moxvedrisas yvela pacients aReniSne-

boda medulogramaSi blasturi ujredebis maRali raodenoba (53% – 

88%). mkurnalobidan me-15 dRes, blasturi ujredebis raodenoba 5%-ze 

naklebi iTvleboda remisiis maCveneblad, Tumca mkurnaloba 

grZeldeboda da Zvlis tvinis Semdgomi Seswavla xdeboda mkurna-

lobis 33-e dRes. Cveni masalebis safuZvelze miviReT mtkicebuleba, 

rom 4 pacientSi, romelTa mkurnalobis me-15 dRes medulogramaSi 

blastebis raodenobam 5%-s gadaaWarba 21%-mde. daavadebis mimdi-

nareoba Zalzed arakeTilsaimedo iyo (SemTxveva 5, 15, 16 da 17), 3 

SemTxvevaSi ganviTarda recidivi, xolo 1-Si – letaluri Sedegi. 

am SemTxvevebidan 2 pacients aRmoaCnda miaxloebuli tetraploi-

duri kloni (SemTxveva 5 da 17), Sesabamisad 90 da 83 qromosomiT, 

xolo 2-s hqonda damatebiTi qromosomuli aberaciebi – t(4; 11) 

(SemTxvevebi 16 da 17). 

pacienti 16 orjer iyo Seswavlili. pirvel analizSi, romelic 

Catarda sxva laboratoriaSi, mxolod hiperdiploiduri klonis 

arseboba aRiniSna, kariotipizacia ar gakeTebula. 3 wlis Semdeg ki, 

rodesac pacients ganuviTarda recidivi, Cven davadgineT – t(4; 11) 
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arseboba rogorc klonSi 46 qromosomiT, aseve hiperdiploidur 

klonSi (nax. 1, 2). 

 
 nax. 1 av. 16 kariotipi 46, XX, t(4q;11q) 

 
nax. 2. imave av. kariotipi 51, XX, t(4q;11q) +9, +15, +21, +21, +22 
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grafikze (nax. 3) naCvenebia pacientebis maRali poliploidiiT mkur-

nalobis 15-e dRes blastebis raodenobis kavSiri daavadebis mimdi-

nareobasTan. 

rogorc Cans, pacientTa kategoria, romelTac mkurnalobis 15-e 

dRes blastebis raodenoba 5%-ze naklebi aqvT (a15), ZiriTadad 

remisiis (rem) jgufSi arian warmodgenili, maSin rodesac pacientTa 

kategoria, romelTac blastebis raodenoba 5%-ze meti an tolia 

(b15), praqtikulad Tanabrad aris gadanawilebuli rogorc remisiis 

(rem), aseve recidivis (rec) jgufebSi, rac calsaxad miuTiTebs maT 

Soris statistikurad sarwmuno (χ2 = 3.88, p = 0.04) urTierTdamoki-

debulebaze. 

 
nax. 3. mkurnalobis 15-e dRes pacientebSi blastebis raodenobis mize-

zobrivi kavSiri recidivis albaTobasTan 

amasTanave, statistikurad sarwmuno kavSiri ikveTeba qromosomis 

raodenobis da mkurnalobis 15-e dRes pacientebSi blastebis rao-

denobasTan, Tumca kavSiri sarwmunobis zRvarzea (p = 0.05) (nax. 4). 

miuxedavad imisa, rom sarwmuno kavSiri ar ikveTeba (F = 2.1; 
p = 0.075), zemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom 
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qromosomebis hiperdiploiduri raodenoba erT-erTi da ara er-

TaderTi faqtoria, romelic mizezobriv kavSirSia recidivis al-

baTobasTan. 

 
nax. 4. pacientebSi qromosomebis raodenobis kavSiri blastebis raodeno-

basTan mkurnalobis me-15-e dRes  

Cven mier Catarebuli aramravalricxovani kvleviT 88 bavSvTan 

mwvave leikemiiT, 20%-Si aRiniSna hiperdiploiduri kloni, qro-

mosomis raodenobiT > 50. es Seesabameba sxva avtorebis [9] mo-

nacemebs, romlebmac aRniSnes 20-30% [11]. miuxedavad imisa, rom 

Tvlian, rom mwvave leikemiis SemTxvevebi mniSvnelovnad ufro 

xSiria biWebSi, Cven ver vnaxeT romelime sqesis upiratesoba. Cven 

masalazec davamtkiceT korelaciis arseboba mkurnalobidan me-15 

dRes medulogramaSi blastebis raodenobis maCveneblebsa da war-

moqmnil garTulebebs Soris. dadgenilia miaxloebuli tetra-

ploiduri klonis da damatebiTi qromosomuli aberaciebis dros 

arakeTilsaimedo prognozi. cnobilia, rom hiperdiploiduri kloni 

xasiaTdeba qromosomebis gansxvavebuli nakrebiT. Cven ki aRvniSneT, 

rom yvelaze xSirad gvxvdeboda damatebiTi 17, 18 da 21 qromosoma. 

maRali hiperdiploidia (>50 qromosoma) gavrcelebuli citogene-

tikuri paTologiaa bavSvebSi mwvave limfoblasturi leikemiis 

dros da, zogadad, kargi prognozuli faqtoria. TumcaRa, zogierT 

SemTxvevaSi arakeTilsaimedo gamosavali moiTxovs Semdgom kvlevas, 

romelic agreTve moicavs etiologiuri da paTogenetikuri mize-

zebis gamovlenasac am citogenetikuri tipis warmoqmnaSi. 
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nax. 5. av.17 – poliploiduri metafaza, kariotipi 59, XXX, +1, +4, +6, +7, +8, 

+10, +12, +15, +17, +18, +18, +21 

bavSvebSi mwvave leikemiebis dros saWiroa damatebiTi gamokvlevebi 

imis gasarkvevad, Tu ratom aris araerTgvarovani prognozi 

pacientebSi maRali hiperdiploidis dros. 
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ПРОГНОСТИЧЕСКОЕ ЗНАЧЕНИЕ ВЫСОКОЙ ГИПЕРДИПЛОИДИИ  
У ДЕТЕЙ С ОСТРЫМ ЛЕЙКОЗОМ 

Алла Зедгинидзе1, 3,  Асмат Шенгелая2,  Георгий Ормоцадзе1,  Майя Рухадзе3,  
Тамара Чавчавадзе2 

1 Центр экспериментальной биомедицины им. И. Бериташвили, Тбилиси;  2 Онко-
гематологический департамент Центральной детской больницы им. М. Яшвили;  
3 Медицинский исследовательcкий центр “Генезис”, Тбилии 

 РЕЗЮМЕ 

Проведено цитогенетическое обследование 88 детей с острым лейкозом. У 18 пациентов 
(20%), преимущественно с В-лимфобластной формой, был обнаружен высокий 
гипердиплоидный клон с числом хромосом > 50. 

Несмотря на то, что считается, что наличие у детей с острым лейкозом клона с числом 
хромосом более 50, всегда предопределяет доброкачественный исход, мы наблюдали 
частично гетерогенные результаты. 

На нашем материале мы подтвердили наличие статистически значимой корреляции 
(χ2 = 3.88, p = 0.04) между количеством бластов в костном мозге на 15-й день после начала 
лечения и дальнейшим течением заболевания. Также нами была выявлена статистически 
значимая, хотя на грани достоверности (p = 0.05), корреляция между числом хромосом и 
количеством бластов. у пациентов на 15-й день лечения. 

На изученном материале мы констатировали неблагоприятный исход у больных с около -
тетраплоидным клоном и наличием дополнительных хромосомных аберраций. Можно 
сделать вывод, что высокая гипердиплоидия – это один, а не единственный фактор, 
предопределяющий течение заболевания. 

Наличие в некоторых случаях неблагоприятного исхода требует дальнейших исследований 
для выяснения причин неоднородного прогноза у детей с острым лейкозом, имеющих 
высокую гипердиплоидию. 
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PROGNOSTIC SIGNIFICANCE OF HIGH HYPERDIPLOIDY IN CHILDREN 
WITH ACUTE LEUKEMIA 

Alla Zedginidze1, 3,  Asmat Shengelaia2,  George Ormotsadze1,  Maia Rukhadze3,  
Tamara Chavchavadze2 

1 Ivane Beritashvili Center for Experimental Biomedicine, Tbilisi;  2 M. Iashvili Children 
Hospital, Onco-hematology Department, Tbilisi;  3 Medical Research Centre “Genesis”, 
Tbilisi 

SUMMARY 

Total of 88 children with acute leukemia underwent cytogenetic examination. In 18 patients 
(20%), mainly with the B-lymphoblastic form, a high hyperdiploid clone with chromosome 
number > 50 was detected. Although it is known that more than 50 chromosomes in children with 
leukemia always indicate a benign outcome, we have observed partially heterogeneous outcomes. 
We confirmed the existence of a statistically significant correlation (χ2 = 3.88, p = 0.04) between 
the number of blasts in the bone marrow on the 15th day after the treatment and further course of 
the disease. 

We also established a statistically significant, although on the verge of reliability (p = 0.05) 
correlation between chromosome number and the number of blasts in patients on the 15th day. On 
the basis of the material studied, we stated an unfavorable outcome in patients with a near-
tetraploid clone and the presence of additional chromosomal aberrations. It can be concluded that 
high hyperdiploidy is one, but not the only factor that determines the course of the disease. The 
presence in some cases of an unfavorable result requires further research to clarify the reasons for 
the heterogeneous outcome in children with acute leukemia and high hyperdiploidy. 





 

 

 

 

247 

saq. mecn. erovn. akad. macne, biomed. seria, 2020, t. 46, # 5-6 ISSN-0321-1665 
Известия нац. АН Грузии, биомед. серия, 2020, т. 46, № 5-6 
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 5-6 

INVOLVEMENT OF UBIQUITIN-26S PROTEASOME SYSTEM  
IN THE REGULATION OF OBESITY 

Irine Ioramashvili2,  Rusudan Sujashvili1 

1 Iv. Beritashvili Center for Experimental Biomedicine;  2 Ilia State University, Tbilisi, 
Georgia 

The study of the intracellular and extracellular processes is the key to understanding the 
principles of proper functioning of any organism. Proteins are the main structural and 
functional components of the cell. The regulation and initiation of cellular processes depend 
on the sequence of protein signaling. Through the centuries up to nowadays the humankind 
has been trying to find remedies to cure diseases. But only now the scientists managed to 
accumulate knowledge enough to get insights of the inner constant problems in the cellular 
mechanism disorders for not try to cure only the symptoms but to prevent the ailment 
occurrence. 

Ubiquitin and the ubiquitin-26S proteasome system (UPS) play a major role in the 
regulation of cellular mechanisms. It regulates almost all cellular processes, including 
antigen processing, apoptosis, organ biogenesis, cell cycle, DNA transcription and 
reparation, cell differentiation and maturation, immune response and inflammation. 
Ubiquitin is a highly conservative protein found in all eukaryotic cells. Ubiquitin has been 
found in intracellular and extracellular space of the cell. Disorders of UPS can be the cause 
of oncological, neuro-degenerative, inflammatory, autoimmune, viral and many other 
diseases. 

In recent years obesity has become one of the main problems of mankind. It is a metabolic 
disease and can cause a number of diseases, such as cardiovascular diseases and diabetes, 
which require separate treatment, and can bother a patient throughout the life. 

The aim of this review is to discuss possible relationship between the UPS and G protein 
coupled receptors (GPCR) signal sequences, which are involved in energy homeostasis and 
obesity. Since the UPS is one of the most powerful regulatory mechanisms in the cell, it seems 
very logical to study its possible impact on the metabolic system in the organism. That will 
help us to understand nuances of stable cellular function and get closer to evaluation of the 
therapeutic potential of ubiquitin. 

Key words: UPS (ubiquitin-26S proteasome system), obesity, GPCR 

The study of the causes of obesity leads us to the fact that obese people mostly have an 
improper diet, lack of physical exercise and genetic predisposition. A number of hor-
mones like insulin, leptin, neuropeptide Y, cortisol, ghrelin, norepinephrine, serotonin, 
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interleukin-6, tumor necrosis factor (TNF), and other peptides also play a role in obesity 
[23]. The balance between energy intake and its further consumption is controlled by 
interconnected neurons, which produce receptors, peptides and obesity-promoting 
anabolic and obesity-preventing catabolic neurotransmitters. GPCRs are one of the 
receptors involved in energy homeostasis [26]. There is an opinion that they can be used 
as regulators of nutrition and the treatment of obesity [3]. Ubiquitin is capable of 
ubiquitilation of GPCRs. Proteolytic functions of UPS include control of the most vital 
cellular processes. Ubiquitination is used not only for protein degradation, but also for 
sorting them via their post-translational modification [11, 31]. Based on this information, 
it seems logical to investigate possible role of the UPS in development of obesity and to 
find novel approaches to control the problem of obesity. 

UBIQUITIN-26S PROTEASOME SYSTEM 

UPS is responsible for degradation of 80-90% of all intracellular proteins [22]. This 
process is carried out by means of three enzymatic components – enzyme E1, activates 
ubiquitin in an ATP-dependent reaction, which allows the E2 enzyme to attach ubiquitin, 
activated ubiquitin is then transferred to E3 ligase, which binds ubiquitin to the protein-
substrates and directs them for further degradation by 26S proteasome. Ubiquitin has 
seven lysine residues, and each of them is capable of polyubiquitin chain formation [33]. 
The 26S proteasome is a complex consisting of the proteolytic active sites of 20S 
proteasome, and 19S regulatory complexes bound to 20S proteasome that activate and 
determine its specificity for ubiquitylated substrates [8]. 

Ubiquitilation is reversible process, which is carried out by deubiquitilating enzymes 
(DUBs). The main function of DUBs is breaking of covalent bond between ubiquitin and 
substrate protein, thereby regulating its activity or amount. There are approximately 100 
DUBs encoded by the human genome [24]. 

The main function of ubiquitin is protein degradation, but ubiquitin chains linked through 
various lysine residues (K6, K11, K27, K29, K33, K48 and K63) determine the nature of 
protein processing. It is known that formation of a polyubiquitin chain through the 48th 
lysine residue (K48) carries out degradation of the substrate protein [32]. K63 chains play 
the role of proteasome-independent signals for endocytosis or the reaction to DNA 
damage, as well as an immune response. And K11 and K29 promote proteasome 
degradation [13]. Ubiquitylation via lysine K6 is mediated by BRCA1-BARD1 ubiquitin 
ligase, and it is assumed that this involves DNA repair. Polyubiquitin K27 and K 33 are 
associated with the regulation of innate immunity. Binding through lysine K33 controls 
phosphorylation and binding proteins of the T-cell receptor, thereby regulating its 
functions [4]. Linear ubiquitin chains are involved in the termination of cell death caused 
by TNF [32]. GPCRs such as Frizzled receptor (FZ4R), melanocortin receptor (MC2R), 
and C-X-C chemokine receptor type 4 (CXCR4) are monoubiquitylated by several lysine 
residues, while other receptors such as protease-activated receptor 1 (PAR1), κ-opioid 
receptor and β2-adrenergic receptor undergo polyubiquitination by K63 lysine residue. 
Dopamine D4 is also ubiquitilated [11]. 
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GPCR ASSOCIATION TO EXCESSIVE WEIGHT ACCUMULATION 

The weight gain depends on normal energy consumption. White adipose tissue (WAT) is 
responsible for energy accumulation and brown adipose tissue (BAT) is involved in 
energy consumption. Thus, the misbalance between white and brown adipose tissues may 
cause the gain of weight [15]. Regulation of right energy-expenditure lays in the basis of 
obesity treatment and control of adipogenesis, and this goal can be achieved in different 
ways. 

Among other methods to reduce obesity is non-shivering thermogenesis (NST). NST is a 
metabolic heat production without muscle activity and it involves BAT metabolic 
enhancement. Recently brown adipose tissue was considered as inactive in adults, but to 
date it is known that there is some amount of BAT which is responsible for thermogenesis, 
due to large quantity of mitochondria. Activation of uncoupling protein 1 (UCP1) of 
BAT, by electron transport causes heat as a product of the metabolism and increases 
energy consumption. This process can be a possibility to prevent obesity, to reduce 
amount of plasma glucose and fatty acids. WAT have energy storage function in the form 
of triglycerides. But WAT can also increase amount of beige adipocytes, which contain 
elevated level of mitochondria and are thermogenic [5]. Browning or beiging in WAT is 
suggested to be one of the methods which can be used to reduce obesity [34]. The 
mechanism of receptor signaling pathways which participate in browning of WAT 
depends on GPCRs, like adrenergic receptors, hormone receptors B1 subfamily, 
melanocortins, parathyroid hormone (PTH), prostaglandin receptors, etc. [5]. Stimulation 
of Gs- mediated signaling, supports beiging of WAT, and is carried out by activation of β-
adrenergic and A2aAR adenosine receptors [25]. Differentiation of adipocytes provides 
the right metabolic homeostasis, and it is necessary for weight control. ATP and 
adenosine take part in cellular differentiation. Adenosine receptors (AR), which are the 
class of GPCRs can regulate adipogenesis. Adenosine transmit signals via four adenosine 
receptors, which are able to inhibit A1AR and A3AR, or activate A2aAR and A2bAR 
adenylyl cyclase. The A2bAR is functionally dominant adenosine receptor in 
mesenchymal stem cells (MSCs), while the A2aAR has been shown to be important for 
the proliferation and differentiation of murine bone marrow-derived mesenchymal stem 
cells MSCs into adipocytes. Acting through purinergic P2Y1 and P2Y4 receptors, which 
are class of GPCRs, ATP increases adipogenesis of human bone marrow-derived MSCs 
by promoting lipid accumulation and the expression of peroxisome-proliferator activated 
receptor-gamma (PPARγ) [12]. Melanocortin system is very important for metabolism 
and appetite control. Melanocortin-3 and melanocortin-4 receptors are involved in the 
regulation of energy balance [14]. 

Melanocortin-4 receptors (MC4R) play an important role in weight regulation and food 
intake [16]. Melanocortin system of central nervous system mediates leptin, an adipocyte-
derived peptide hormone, effect on sympathetic nervous system activity and blood 
pressure. Leptin deficiency or mutations in leptin receptors cause dysfunction of its intra-
cellular signaling and causes the obesity. These facts lead to a conclusion that the leptin-
MC4R interaction induces control of appetite, metabolic and cardiovascular functions [9]. 
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THE ROLE OF UPS IN GPCR WEIGHT CONTROL SIGNALING 

It is well known that ubiquitilation can directly or indirectly regulate GPCR trafficking, 
changing posttranslational modification of the receptors, or components of G-proteins 
signaling pathway [19]. There are several ways for ubiquitin to regulate GPCRs. Some of 
GPCRs can be constitutively, basally or subsequently ubiquitilated, and directed for 
lysosomal or proteosomal degradation. Deubiquitination of GPCR by DUBs or ubiquitin-
specific proteases (USPs) leads either to its recycling or internalization. Sometimes, to be 
taken to the cell surface, GPCRs need to be deubiquitinated [29]. For example, 
deubiquitination is required for surface expression of adenosine receptors [10]. UCP1 of 
BAT can be ubiquitilated and degraded by cytosolic proteasome, moreover, this 
degradation can be inhibited by proteasome inhibitor MG132 [7]. β-Adrenergic receptors 
βARs trafficking and degradation are regulated by ubiquitilation [34]. These receptors 
participate in adipocyte catabolism and NST. As it was mentioned above, GPCRs are 
playing an important role in energy consumption. All of them are connected with 
functioning of ubiquitin – proteasome system. Mahogunin ring finger – 1 (MGRN1) E3 
ubiquitin ligase may regulate melanocortin 1 and 2 receptors [26]. Melanocortin-4 
receptor is also affected by ubiquitination [15, 28]. Parathyroid hormone receptors 
(PTHR) undergo ubiquitilation and degradation, and this process can be reversed by 
DUBs [28]. Prostaglandin receptors can influence ubiquitin proteasome system, by 
affecting functions of other receptors [1]. PPARγ which is also involved in adipocyte 
differentiation is affected by E3 ubiquitin TRIM25 and E3 ubiquitin ligase Siah2 [18, 21]. 
Taking into account the UPS role in GPCR signaling pathways, which are responsible for 
energy expenditure, we can suppose that it can be used as an additional regulator of 
excessive weight accumulation. 

CONCLUSION 

It is scientifically proved that harmonious actions of UPS perform many functions in the 
regulation of cellular processes. Therefore, the possibility to use UPS for the treatment of 
various pathologies is very intensively studied [6]. Ubiquitin system has a unique impact 
on components of signal sequences, membrane proteins, and cell cycle regulators [31]. 
Ubiquitilation and deubiquitilation are supposed to be the regulators of GPCR signaling 
and trafficking [6]. As GPCR receptors are actively involved in regulation of metabolism 
and obesity control, it becomes evident that there are mechanisms by which UPS can 
affect adipogenesis and obesity through regulation of GPCRs. Further investigation of the 
role of UPS in regulation of energy consumption may open new opportunities for 
treatment of worldwide problem of obesity. 
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ubikvitin-26S proteasomas roli simsuqnis ganviTarebis 

procesis regulaciaSi 

irine ioramaSvili2,  rusudan sujaSvili1 

1 iv. beritaSvilis sax. eqsperimentuli biomedicinis centri, Tbilisi; 
2 ilias sax. universiteti, Tbilisi 

reziume 

Sida da gare ujreduli procesebis Seswavla nebismieri organizmis 

swori funqciobis principebis gasaRebia. cilebi ujredis ZiriTadi struq-

turuli da funqciuri komponentebia. ujreduli procesebis dawyeba da 

regulireba damokidebulia cilaTa urTierTqmedebis mimdevrobaze. sauku-

neebis ganmavlobaSi, dRevandel dromde, kacobrioba cdilobda daavade-

bebis samkurnalo saSualebebis povnas, magram mxolod axla aris dagro-

vili saWiro codna ujreduli meqanizmebis darRvevebis gasarkvevad ara 

mxolod mkurnalobis mizniT, aramed daavadebebis warmoSobis mizezebis 

Tavidan asacileblad. 

26S proteasomaluri sistema (UPS) mniSvnelovan rols asrulebs ujre-

duli meqanizmebis regulirebaSi. is aregulirebs TiTqmis yvela ujredul 

process, maT Soris antigenis procesings, apoptozs, organoTa biogenezs, 

ujredul cikls, dnm-s transkrifcias da reparacias, ujredebis di-

ferencirebas da momwifebas, imunur reaqcias da anTebas. ubikvitini aris 

Zalze konservatuli cila, romelic gvxvdeba yvela eukariotul ujredSi. 

UPS-is darRvevebma SeiZleba gamoiwvios kibo, neirodegeneraciuli, an-

TebiTi, autoimunuri, virusuli da mravali sxva daavadeba. 

bolo wlebSi simsuqne kacobriobis erT-erT mTavar problemad iqca. es 

metaboluri daavadebaa da SeiZleba gamoiwvios mravali asocirebuli 

daavadeba, rogoricaa gul-sisxlZarRvTa daavadebebi da diabeti, rac 

moiTxovs calkeul mkurnalobas da pacients SeiZleba mTeli cxovrebis 

ganmavlobaSi awuxebdes. am mimoxilviTi statiis mizania ganixilos 

kavSiri UPS da G-cilis dawyvilebuli receptorebis (GPCR) sasignalo 
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gzebs Soris, romlebic monawileoben energetikul homeostazsa da sim-

suqnis ganviTarebaSi. radgan UPS aris ujredis mkacri maregulirebeli 

meqanizmi, logikuria, rom SeviswavloT misi SesaZlo gavlena sxeulis 

metabolizmze. es dagvexmareba gavigoT ujredebis stabiluri funqciobis 

meqanizmebi da mivuaxlovdeT ubikvitinis Terapiuli potencialis Sefasebas. 

УЧАСТИЕ УБИКВИТИН-26S ПРОТЕОСОМНОЙ СИСТЕМЫ  
В РЕГУЛЯЦИИ ОЖИРЕНИЯ 

Ирине Иорамашвили2,  Русудан Суджашвили1 
1 Центр экспериментальной биомедицины им. И. Бериташвили;  2 Университет Ильи, 
Тбилиси, Грузия 

РЕЗЮМЕ 

Изучение внутриклеточных и внеклеточных процессов является ключом к пониманию 
принципов правильного функционирования любого организма. Белки являются главными 
структурными и функциональными компонентами клетки. Инициация и регуляция 
клеточных процессов зависит от сигнальных белковых последовательностей. На про-
тяжении веков, до нынешнего времени человечество пытается найти средства для лечения 
болезней, но только сейчас были накоплены необходимые знания для того, чтобы вникнуть 
во внутренние расстройства клеточных механизмов для того, чтобы не только лечить, но и 
предотвращать появление заболеваний. 

Убиквитин и убиквитин-26S протеосомная система (УПС) играет важную роль в регуляции 
клеточных механизмов. Она регулирует почти все клеточные процессы, включая про-
цессинг антигенов, апоптоз, биогенез органов, клеточный цикл, транскрипцию и репарацию 
ДНК, дифференциацию и созревание клеток, иммунный ответ и воспаление. Убиквитин 
является высококонсервативным белком, найденным во всех эукариотических клетках. 
Структура и функции убиквитина схожи для всех видов; он был обнаружен как во 
внутриклеточном, так и во внеклеточном пространстве клетки. Расстройства в УПС могут 
стать причиной онкологических, нервно-дегенеративных, воспалительных, автоиммунных, 
вирусных и многих других заболеваний. 

В последние годы ожирение стало одной из главных проблем человечества. Эта мета-
болическая болезнь и может вызвать ряд сопутствующих недугов, таких как кардио-
васкулярные болезни и диабет, которые требуют отдельного лечения и могут беспокоить 
пациента на протяжении всей жизни. Целью данной обзорной статьи является обсуждение 
взаимоотношения между убиквитин-26S протеосомной системой и сигнальными после-
довательностями рецепторов, сопряженных с G-белком (GPCR), которые вовлечены в 
гомеостаз энергии и развития ожирения. Так как УПС является сильнейшим регуляторным 
механизмом клетки, то кажется логичным изучить ее возможное воздействие на метаболизм 
организма. Это поможет нам понять нюансы стабильного функционирования клетки и 
приблизиться к оценке терапевтического потенциала убиквитина. 
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Sakiki, moklelatenturi smeniTi gamowveuli 

potencialebis klinikuri Seswavla 

giorgi kvernaZe1,  giorgi andronikaSvili1,   

Tea guraSvili1, 2,  qeTevan gogeSvili1,  senera WipaSvili1,  

nino axobaZe1,  mixeil okujava1 

1 ivane beritaSvilis eqsperimentuli biomedicinis centri, 

Tbilisi;  2 kavkasiis universiteti, Tbilisi 

Sakiki miekuTvneba vazomotorul-cerebrul paroqsizmebs, romelic xasiaTdeba 

perioduli SetevebiT Tavis naxevris midamoSi (hemikrania) da warmoadgens 

genetikurad gansazRvrul vazomotoruli regulaciis disfunqciis ga-

movlinebas. Sakikis Setevebis CamoyalibebaSi didi mniSvneloba eniWeba im 

bioqimiur da neirohumorul cvlilebebs, romelic win uswrebs paroqsizmis 

ganviTarebas. Sakikis Seteva dakavSirebulia glutamatis donis momatebasTan, 

rac angiospazms iwvevs. momdevno stadiaze serotoninis done mkveTrad 

qveiTdeba. am dros gareTa saZile arteriis refleqsogenur zonaSi vazo-

dilatacia icvleba vazokonstriqciiT, rac iwvevs pulsirebadi xasiaTis Tavis 

tkivils. Cven vikvlevdiT martivi formis SakikiT daavadebuli pacientebis 

tvinis Reros smeniT gamowveul potencialebs (tRsgp). gamokvlevebma aCvena, 

rom daavadebulTa umravlesobas aReniSneboda tRsgp-is Zalze mniSvnelovani 

darRvevebi. kerZod, momatebuli iyo rogorc registrirebuli talRebis 

pikTaSorisi intervalebi, aseve calkeuli pikebis absoluturi latenturi 

periodebi. cnobilia, rom absolutur latentur periodTan SedarebiT 

sadiagnozod ZiriTadad gamoiyeneba pikTaSorisi intervalebi, vinaidan isini 

naklebi variabelobiT gamoirCeva. tRsgp-is gamokvlevebiT aRmoCnda, rom 

zogierTi talRa (piki) Zlier dakninebulia an saerTod ar aris gamoxatuli, 

rac tvinis Reros struqturis Zlier disfunqciaze miuTiTebs. mocemuli 

naSromis erTi nawili eZRvneba Sakikis Camoyalibebis nervul-humorul 

meqanizmebs, misi gamovlinebis formebs, maprovocirebel faqtorebs da 

mkurnalobas, xolo meore nawili – tRsgp-is registracias Sakikis remisiis 

periodSi. gamowveuli potencialebis Seswavla eleqtroencefalografiasTan, 

Tavis tvinis sisxlZarRvebis reografiasa da magnitur-rezonansul kvlevasTan 

erTad sasargeblo informacias iZleva pacientis Sefasebisa da marTvisTvis. 

sakvanZo sityvebi: Sakiki, hemikrania, serotonini, tvinis Rero, gamowveuli 

potencialebi, Reros disfunqcia 
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Sakiki qronikuli daavadebaa, romlis klinikur suraTSi wamyvania 

umetesad Tavis erT-erT naxevarSi sisxlZarRvovani meqanizmiT gan-

viTarebuli SeteviTi xasiaTis tkivili. Sakikis berZnuli Sesatyvisia 

,,hemikrania~, rac sityvasityviT Tavis qalas naxevars niSnavs. am 

daavadebas pirvelad saxeli daarqva Zvelma romaelma eqimma ga-

lenma. SemdgomSi saxelwodeba ,,hemikrania~ transformirda fran-

guli transkrifciiT ,,migrene” da gardaiqmna ,,migrenad~. amJamad, am 

termins aqvs saerTaSoriso gamoyeneba rogorc medicinaSi, aseve 

yoveldRiur cxovrebaSi [3]. 

Sakikis paTogenezi. Sakikis genezSi monawileobs sisxlZarRvovani, 

nervuli da endokrinul-humoruli meqanizmebi. sisxlZarRvovani 

cvlilebebi klasikuri (ofTalmologiuri) da asociaciuri Sakikis 

dros mimdinareobs Tavis tvinis sisxlZarRvebis vazokonstriqciiT 

da aqedan gamomdinare, sisxlis nakadis 20%-60%-iT SemcirebiT. 

daavadebis prodromul etapze neirotransmiter glutamatis maRali 

koncentracia angiospazms iwvevs. prodromul periodSi kompiute-

ruli tomografiiT nanaxia Tavis tvinis gardamavali isqemia da 

SeSupeba, xolo xangrZlivi drois ganmavlobaSi yalibdeba tvino-

vani nivTierebis atrofia da mcire infarqtebi tvinis subaraqnoi-

duli sivrceebis gaganierebasTan erTad [4]. Sakikis tkivilis faza 

dakavSirebulia gareTa saZile arteriis intrakranialuri totebis 

dilataciasTan da aseve pulsaciis amplitudis momatebasTan. 

aRsaniSnavia, rom mkvlevarTa umetesoba tkivilis intensivobasa da 

safeTqlis arteriis pulsaciis amplitudas Soris pirdapir ko-

relaciaze miuTiTebs. endokrinul-humoruli meqanizmi Sakikis Se-

tevis dros dakavSirebulia sisxlis plazmis monoaminebis Semcve-

lobis cvlilebebTan, magram mxolod serotoninis donis cvlileba 

korelirebs Setevis dinamikasTan [10]. tkivilis Setevis win plazmis 

Tavisufali serotoninis Semcveloba izrdeba, rac iwvevs sisxlZar-

Rvebis vazokonstriqcias. Trombocitebis daSlis Sedegad gamoyo-

fili prostaglandinebis sinTezis Sualeduri produqtebi – Trom-

boqsin A2 da B2 aseve arRvevs sisxlZarRvebis regulacias. Ta-

visufali serotonini ucvleli an metabolitebis saxiT gamoiyofa 

SardTan erTad. Sedegad, misi Semcveloba qveiTdeba plazmasa da 

centralur nervul sistemaSi (cns): TalamusSi, hipoTalamussa da 

limbur sistemaSi. aRniSnul cvlilebebs mosdevs Tavis tkivili. 

Tavis tkivilis Setevis dros neironebis terminalebSi qveiTdeba 

kateqolaminebis Semcveloba, rasac mivyavarT sisxlZarRvebis adre-

nerguli da dofaminerguli receptorebis denervaciul hiper-

mgrZnobelobasTan. tkivilis Setevisas centraluri dofaminerguli 

neironebis receptorebis mgrZnobelobis momatebas mkvlevarebi 

ukavSireben gulisrevis SegrZnebis formirebas. Sakikis klinikuri 

suraTis gaSlis periodSi safeTqlis arteriis garemomcvel rbil 
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qsovilebSi nanaxia bradikininis gazrdili Semcveloba, rac jan-

mrTel adamianebSic iwvevs damaxasiaTebel pulsirebad tkivils. am 

tipis tkivilis moxsna SesaZlebelia antikininuri preparatebiT [6]. 

Sakikis ganviTarebis nervuli meqanizmis Tanaxmad, pacientebs 

dabadebidan aReniSnebaT Tavis tvinis monoaminebis da endogenuri 

opioiduri sistemis metabolizmis disregulacia [11]. amis niadagze 

viTardeba centraluri disnocefcia da icvleba biologiuri ritmi. 

sxvadasxva egzogenuri da endogenuri gavlenebi amZimebs ra am 

arasrulfasovnebas, iwvevs Sakikis Setevebs. noradrenalinis da, 

gansakuTrebiT serotoninis, sinTezis daqveiTeba amcirebs ara 

marto tkivilis zRurbls, aramed Tavis tvinis antinociceptoruli 

sistemis aqtiurobas. magaliTad, rezerpini, romelic anadgurebs 

kateqolaminerguli da serotoninerguli neironebis terminalebSi 

am mediatorebis marags, iwvevs Sakikis Setevas. SesaZloa, antino-

ciceptoruli sistemis normalur funqciobaSi gadamwyveti roli 

eniWebodes serotoninis cvlas. am hipoTezis mixedviT, Sakikis 

safuZvels warmoadgens nocicefciis Tandayolili disfunqcia, 

xolo uSualod Tavis tkivilis mizezia tkivilis centraluri 

kontrolis paroqsizmuli darRveva. aqedan gamomdinare, daavadebis 

yvela gamovlineba warmoadgens centraluri monoaminerguli sis-

temis disregulaciis Sedegs, xolo paTologiuri vazodilatacia 

viTardeba centraluri adrenerguli zemoqmedebis unaris dakar-

gviT, rac mimdinareobs sisxlZarRvTa receptorebis denervaciuli 

hipermgrZnobelobiT. amrigad, Tanamedrove warmodgenebiT, Sakikis 

paTogenezSi monawileobs nervuli, humoruli da sisxlZarRvovani 

faqtorebis erToblioba. 

klinikur praqtikaSi Sakikis ramdenime formas gamoyofen. erT-erTi 

gavrcelebuli formaa martivi Sakiki. martivi SakikiT daavadebul 

pacientTa umravlesobas aReniSneba prodromuli simptomebi: guneba-

ganwyobis Secvla (eiforia an depresia), gaRizianebadoba, SfoTva, 

mTqnareba, cremldena, madis Secvla, wyurvili da sxv. Tavis 

tkivili iwyeba nebismier dros, magram ufro xSirad Ramis Zilisas, 

gaRviZebis Semdeg an diliT. Setevis dasawyisSi tkivili, Cveuleb-

riv, lokalizdeba Subl-safeTqel-Tvalis midamoSi, ufro xSirad – 

calmxrivad. rig SemTxvevebSi aRiniSneba ormxrivi, pulsirebadi 

Tavis tkivili, romlis intensivobac 2-5 saaTis ganmavlobaSi 

izrdeba. tkivils aZlierebs mkveTri ganaTeba, xmauri, mZafri suni, 

moZraoba, Tavis daxra. martivi Sakikis sixSire sxvadasxvanairia. 

maprovocirebeli faqtorebis gareSe misi perioduloba individua-

luria, Setevebi meordeba garkveuli drois intervaliT. Setevis 

Semdeg dgeba refraqteruli periodi (Setevis CamTavrebis Semdeg 

garkveuli drois ganmavlobaSi tkivili ar gamoixateba). aRsaniS-

navia, rom martivi SakikiT daavadebuli pacientebis mdgomareoba 
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umjobesdeba orsulobis dros. calkeul SemTxvevebSi orsulobis 

mTeli periodi Setevebis gareSe mimdinareobs. 

asocirebuli SakikisTvis damaxasiaTebelia aura gardamavali nevro-

logiuri simptomebiT, rac SeiniSneba tkivilis fazaSi da aseve 

Setevis CamTavrebis Semdegac. asocirebuli Sakikis jgufSi Sedis 

bazilaruli Sakiki. mas axasiaTebs hemiplegia an tetraplegia, 

Tavbrusxveva, Rebineba, diplopia, ptozi, tinitusi. zogjer avad-

myofi gonebasac kargavs. eleqtroencefalogramaze (eeg) sinaTliT 

gaRizianebisas registrirdeba krunCxviTi aqtiurobis niSnebi, 

Tumca Sakikis Setevisas klinikurad krunCxva ar vlindeba. 

Sakikis statuss uwodeben iseT mdgomareobas, rodesac erTmaneTis 

miyolebiT aRmocendeba Sakikis mZime Setevebi. aseTi Setevebi iwyeba 

paroqsizmulad an TandaTan, Tumca simptomebi ganuxrelad Zlier-

deba. dasawyisSi Tavis tkivili lokaluri da pulsirebadia, Semdeg 

iRebs difuzur xasiaTs, Rebineba mravaljeradia. gamokvlevebiT 

nanaxia liqvoris wnevis mateba, eqoencefalografiulad vlindeba 

Tavis tvinis SeSupebisa da hidrocefaliis niSnebi. 

Sakikis paroqsizmuli buneba epilefsiasTan msgavsebaze miuTiTebs. 

zogierTi avtoris mier gamoTqmulia mosazreba, gamoiyos epi-

lefsiuri Sakiki, Sakikis magvari epilefsia an Sakiki-epilefsia [5]. 

arsebobs kvlevebi, romlebic miuTiTebs Sakikisa da epilefsiis 

bunebis genetikur naTesaobasa da siaxloveze [2]. aRsaniSnavia, rom 

epilefsiiT daavadebulebSi (da piriqiT) Sakikis gamovlinebis 

sixSire bevrad metia, vidre saerTo populaciaSi. 

Sakikis Setevebis sixSiresa da intesivobaze uSualod moqmedebs 

maprovocirebeli faqtorebi, maT Soris emociuri stresi da fi-

zikuri gadaRla. pacientebis anamnezis detaluri Seswavlis Se-

degad aRmoCnda, rom Sakikis Seteva viTardeba ara stresoris 

zemoqmedebis periodSi, aramed Semdgomi relaqsaciis dros, rac 

Semdegnairad aixsneba: stresis dros nocicefciis ganmapirobebeli 

mediatorebis – noradrenalinis, serotoninis da endogenuri 

opioiduri nivTierebebis done matulobs, xolo stresoris moxsnis 

Semdeg relaqsaciis fazaSi maTi koncentracia mcirdeba. msgavsi 

bioqimiuri cvlilebebi udevs safuZvlad Zilis darRveviT provoci-

rebul Sakikis Setevebs. cnobilia, rom Tavis tvinis monoaminebi da 

endogenuri opioiduri sistemebi monawileobs sisxlZarRvTa, noci-

cefciis, Zilis da kvebis regulaciaSi. aRsaniSnavia, rom Zilis 

Cveuli ritmis darRveva Sakikis Setevebis gaxSirebas uwyobs xels. 

im pacientebma, romlebmac SeZles Sakikis Setevis dros CaZineba, 

Tavidan aiciles Tavis tkivili. sayovelTaod cnobilia, rom Zilis 
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regulaciaSi did rols asrulebs Tavis tvinis Reros Semakavebeli 

serotoninerguli sistemebi. maTi ukmarisoba iwvevs uZilobas, xolo 

stimulacia – hipersomnias. swrafi Zilis dros izrdeba tvinis sisx-

lis nakadi da mcirdeba serotoninis Semcveloba TrombocitebSi. 

Sakikis Ramis Setevebi emTxveva swrafi Zilis fazas da, SesaZloa, es 

ganpirobebulia cns-Si serotoninis donis cirkaduli cvalebadobiT. 

Sakikis marTva Tanamedrove medicinis aqtualuri gamowvevaa. 

tkivilis Setevis kupirebisTvis farTod gamoiyeneba triftanebis 

jgufis medikamentebi da gacilebiT naklebad – warsulidan kargad 

cnobili ergotaminis jgufis preparatebi. dReisTvis Sakikis mkur-

nalobis axal SesaZleblobad ganixileba bioteqnologiuri prepa-

ratebi, romlebic mimarTulia periferiul doneze meningealuri 

sisxlZarRvebis gafarToebisa da parasimpatikuri nervuli sistemis 

refleqsuri stimulaciis winaaRmdeg [9]. medikamentozur TerapiasTan 

erTad sul ufro da ufro aqtualuri xdeba jansaRi cxovrebis 

wesis dacva da Sakikis maprovocirebeli faqtorebis minimizacia. 

tvinis Reros moklelatenturi smeniTi gamowveuli potencialebis 

(tRmsgp) Seswavla sxvadasxva nevrologiuri daavadebebis diagnos-

tikis Tanamedrove arainvaziuri meTodia. am neirofiziologiuri 

gamokvlevis meSveobiT xdeba mocemul momentSi tvinis Reros 

funqciuri mdgomareobis Sefaseba. amis SesaZleblobas smenis 

analizatoris struqturebis TiTqmis mTels Tavis tvinis aRmaval 

doneze ganlageba iZleva [12, 13]. aRsaniSnavia, rom tRmsgp Sakikis 

ganviTarebis calkeul SemTxvevaSi am daavadebis eleqtruli aq-

tiurobis tipur suraTs ar iZleva (anu mxolod SakikisTvis dama-

xasiaTebel cvlilebebs ver miviRebT). saqme isaa, rom tvinis Reros 

anatomiur-fiziologiuri Taviseburebis gamo, SesaZloa Sakikis 

dros daziandes smeniTi impulsis gamtari esa Tu is nervuli gza, 

daaxloebiT ise, rogorc ziandeba qala-tvinis travmis, uSualod 

smenis sistemis paTologiis, neiroinfeqciebis, samSobiaro travmis 

Sedegad [1]. amitom Sakikis xSiri recidivis SemTxvevaSi tRmsgp-s 

cvlilebebi aucileblad gamoixateba, Tumca Catarebuli mkur-

nalobis Sedegad tkivilTan erTad isini aRmoifxvreba. 

SakikiT daavadebuli pacientebis tRmsgp-s Canawerebis demonstri-

rebamde, saWirod migvaCnia tRmsgp-s fiziologiuri suraTis mokle 

mimoxilva: I piki warmoadgens lokokinas, smenis nervis gamowveul 

potencials (gp); II piki Seesabameba koxlearuli birTvis gp-s; III 

piki aris zemo olivaruli kompleqsis gp; IV- lateraluri maryuJis 

gp; V – oTxgorakis ukana borcvebis gp; VI – SigniTa damuxluli 

sxeulis gp; VII – Talamo-kortikuli proeqciis gp [7, 8, 12, 13]. unda 

aRiniSnos, rom es ori ukanaskneli potenciali xSirad ar gamoixateba. 
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Cven mier warmodgenilia tRmsgp-s obieqturi Canawerebi, romelic 

miRebulia SakikiT daavadebuli pacientebis gamokvlevis dros. 

 

sur. 1. pacienti, md. sq., 67 wlis. 

diagnozi – asocirebuli Sakiki 

auriT. Canawerze gamosaxulia 

mkveTri asimetria marjvena da mar-

cxena gp-s Soris. I-V pikTaSorisi 

intervalia 4.2 msek, rac normis 

zeda zRvaria. I, II, III da V 

talRebi mniSvnelovnad dakninebu-

lia, rac Sesabamisi struqturebis 

disfunqciaze miuTiTebs (yvela su-

raTze stimulacia aris binauruli – 

85 db, kalibreba – 0.5 mkv, 1 msek, 

zeda mrudi Seesabameba marcxena 

mxares, qveda mrudi – marjvenas) 

sur. 2. pacienti, md. sq., 23 wlis. 

diagnozi – martivi Sakiki. I talRa 

marcxniv gamoixata damaxinjebuli 

formiT, Secvlilia misi polaroba. 

aRiniSneba asimetria marjvena da 

marcxena gp-s Soris. SeiniSneba Re-

ros Zlieri disfunqcia 

sur. 3. pacienti, md. sq., 30 wlis. 

diagnozi – martivi Sakiki. II, III da 

nawilobriv V gp-ebi marjvniv dak-

ninebulia. aRiniSneba asimetria mar-

jvena da marcxena gp-s Soris. akus-

tikuri impulsis gatarebis si-

swrafe normaSia 
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sur. 4. pacienti, md. sq., 53 wlis. 

diagnozi – martivi Sakiki. marjvena 

gp-ebi Zlier dakninebulia garda I 

pikisa. aRiniSneba mkveTri asimet-

ria marjvena da marcxena gp-s 

Soris. gamoxatulia Reros Zlieri 

disfunqcia marjvniv 

amrigad, migvaCnia, rom Tavis tvinis Reros smeniTi gamowveuli 

potencialebis Seswavla eeg-sTan, Tavis tvinis sisxlZarRvebis reo-

grafiasa da magnitur-rezonansul kvlevasTan erTad sasargeblo 

informacias iZleva pacientis Sefasebisa da marTvisTvis. 
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МИГРЕНЬ, КЛИНИЧЕСКИЕ ИССЛЕДОВАНИЯ КОРОТКОЛАТЕНТНЫХ 
СЛУХОВЫХ ВЫЗВАННЫХ ПОТЕНЦИАЛОВ 
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РЕЗЮМЕ 

Мигрень относится к вазомоторно-церебральным пароксизмам, которые характеризуются 
периодическими приступами в одной половине головы (гемикрания), и представляют собой 
генетически обусловленные проявления дисфункции вазомоторной регуляции. В органи-
зации приступов мигрени большое значение имеют те биохимические и нейрогуморальные 
изменения, которые предшествуют развитию пароксизма. Приступ мигрени связан с 
повышением уровня глутамата, что вызывает ангиоспазм. В следующей стадии резко 
снижается уровень серотонина. При этом в рефлексогенной зоне наружной сонной артерии 
вазодилатация изменяется вазоконстрикцией, что вызывает пульсирующую головную боль. 
Мы исследовали слуховые, вызванные потенциалы мозгового ствола (СВПМС) пациентов, 
больных ассоцированной и простой формой мигрени. Исследования показали, что у 
большинства больных отмечались существенные нарушения СВПМС, в частности, 
увеличение как межимпульсных интервалов регистрируемых волн, так и абсолюттные 
латентные периоды отдельных пиков. Известно,что в неврологической диагностике вместе 
с другими параметрами СВПМС, в основном, используются межимпульсные интервалы 
СВПМС, поскольку они менее вариабельны, чем абсолютные латентные периоды. Ис-
следованиями показано,что некоторые пики вызванных потенциалов или сильно подавлены, 
или вовсе не регистрируются, что указывает на сильную дисфункцию структур ствола 
мозга. Одна часть данного труда посвящается механизмам нервно-гуморального развития 
мигрени, формам ее проявления, провоцирующим факторам и лечению. Вторая часть 
относится к регистрации СВПМС в период ремиссии. Изучение вызванных потенциалов 
вместе с ЭЭГ, реографией мозговых сосудов и магнитно-резонансными исследованиями 
дает нужную информацию об оценке и управлении пациента. 

MIGRAINE, A CLINICAL STUDY OF THE SHORT-LATENCY AUDITORY 
EVOKED POTENTIALS 

Giorgi Kvernadze1,  Giorgi Andronikashvili1,  Tea Gurashvili1, 2,   
Senera Chipashvili1,  Ketevan Gogeshvili1,  Nino Akhobadze1,  Michael Okujava1 
1 Ivane Beritashvili Center for Experimental Biomedicine,Tbilisi;  2 Caucasus University, 
Tbilisi, Georgia 

SUMMARY 

Migraine belongs to the vasomotor cerebral paroxysms characterised by periodic attacks in the 
hemispheric area (hemicrania) and is a manifestation of genetically defined vasomotor regulation 
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dysfunction. The biochemical and neurohumoral changes, which precede the development of 
paroxysms contribute to a great extent to the formation of migraine attacks. These latter are 
associated with an increase in glutamate level resulting in an angiospasm. At the following stage 
the level of serotonin sharply decreases. At this time, in the reflexogenic zone of the external 
carotid artery vasodilatation shifts into vasoconstriction bringing about the headache of pulsating 
character. We pursued study of brainstem auditory evoked potentials (BSAEP) in the patients 
suffering from simple and associated types of migraine. Our studies demonstrated that the majority 
of patients presented significant disturbances in BSAEP. Namely, the registered waves, interspike 
intervals and the absolute latent periods of separate peaks were both increased. It is known that as 
compared to the absolute latent period, alongside with the BSAEP different parameters, commonly 
applied in neurologic diagnostics are the interspike intervals because they are distinguished by less 
variability. The BSAEP studies revealed that some waves (peaks) of evoked potentials appear to 
be strongly diminished or are not recordable at all, this suggests a dramatic disfunction of the 
brainstem structures. One part of the present work deals with the neurohumoral mechanisms 
responsible for migraine development, the types of its manifestation, provoking factors and the 
treatment options. The other part concerns BSAEP recording in the period of migraine remission. 
Exploration of evoked potentials along with the electoencephalography, cerebrovascular rheology 
and magnetic-resonance imagined provides beneficial information for the assessment and 
management of a patient. 
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FREQUENCY OF MTHFR GENE C677T POLYMORPHISM IN 
GEORGIAN PATIENTS WITH MIGRAINE 

Nino Kraveishvili1, 2,  Eka Kvaratskhelia1,  Maia Zarandia1,  Merab Kvintradze1,  
Elene Abzianidze1 

1 Department of Molecular and Medical Genetics, Tbilisi State Medical University;  
2 Tbilisi Institute of Medicine, Georgia 

Introduction. Migraine is a complex, multifactorial, recurrent disorder involving intense 
head pain and associated with other unpleasant symptoms. A number of genes including 
methylenetetrahydrofolate reductase (MTHFR) gene have been implicated in the 
pathogenesis of this disease. In this case control study we investigated frequency of the 
C677T variant in the MTHFR gene in Georgian population with migraine phenotype. 

Materials and methods. Total of 71 patients with migraine and 82 age-matched healthy 
controls were enrolled in this study. Written informed consent was obtained from all patients 
and controls. MTHFR genotyping was performed using PCR-RELP method. 

Results. We observed that T allele frequency of MTHFR was significantly higher in patients 
compared to control groups. In addition, frequencies of CT and TT genotypes were 
significantly associated with an increased risk of migraine susceptibility. 

Conclusion. Identification of individuals with C677T variants may be useful to migraine 
patients. In addition, homocysteine-lowering interventions in the form of supplements of 
vitamins B6, B9 or B12 might prevent this disorder. 

Key words: Migraine, MTHFR C677T 

Migraine is the third most prevalent health condition manifesting as recurring attacks 
usually lasting for 4-72 hours and involving pain of moderate to severe intensity, often 
with nausea, sometimes vomiting, and/or sensitivity to light, sound, and other sensory 
stimuli [7]. 

The exact causes and mechanisms of the condition are still unclear. Migraine, its related 
complications, diagnoses and treatment are a global medico-social problem. At present, 
there are neither biochemical test, nor electrophysiological (cortical spreading depression 
has been implicated in migraine with aura) and neuroradiological studies to confirm this 
health condition. Diagnosis of migraine with aura and without aura usually achieved by 
matching the patients clinical manifestations to the classifications outlined by the 
Headache International Society [HIS] [14]. 
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Genetic factors importantly contribute to migraine. Heredity has been shown to play an 
important role in migraine pathogenesis. About 50% of affected individuals have a first-
degree relative also suffering from migraine [1, 8, 15]. In addition, family and twin 
studies support the idea of MO and MA being different phenotypes of the same entity, 
with a heritability ranging from 33 to 57% [4, 8, 9]. As migraine is very common 
debilitating disorder with unknown etiology and wide range of clinical manifestations, 
based on results from heritability studies have posted a challenge to molecular genetics to 
discover pathophysiology of this condition. 

The recent developments have clarified the role of cranial blood vessels in the trigemino-
vascular system and in cortical spreading depression. The vasculature appears to play an 
important role in migraine. For example, individuals with migraine carry an 
approximately two fold increased risk for ischemic stroke compared to non-migraine 
person [13]. Numerous of genes have been implicated in the pathogeneses of this 
condition, including genes involved in the regulation of vascular system making the 
vascular class of genes a priority and critical for migraine studies. Particular importance 
are the MTHFR gene 677C > T polymorphism. MTHFR is an enzyme in methyl cycle 
converting 5.10-methylentetrahdrofolate to 5-methylentetrahydrofolate, the primary form 
of folate circulating in the blood and the substrate for homocysteine, when recycled into 
methionine. Polymorphic variant of gene MTHFR C677T, when alanine is replaced by 
valine, causing the reduction of enzyme activity followed by the elevation of serum 
homocysteine. Elevated levels of plasma homocysteine is associated with pathogenesis of 
migraine development  [6, 12]. The increase in the level of homocysteine due to MTHFR 
gene C677T polymorphism causes damage to the blood vessels [10]. In addition, 
hyperhomocysteinemia is intensifying the activation of VIII and V factors, as well as 
prothrombin, while causing C protein suppression [12]. Hyperhomocysteinemia impact of 
endothelial nitric oxide formation is another important aspect, which is oxidative stress 
and vascular endothelial lesions predisposing factor [5]. Angiotensin converting enzyme 
[ACE] and MTHFR gene variants are associated with Von Willebrand factor [VWF] 
activity, an endothelial dysfunction marker [16]. Also, it is well known cytotoxic effect of 
homocysteine since it acts as an NMDA receptor endogenous agonist and thus causes 
migraine [2]. 

Development mechanisms of migraine induced by hyperhomocysteinemia are still 
unclear [10]. The prevalence of the MTHFR gene C677T polymorphism in different 
human populations is unknown. In many countries worldwide, some studies have shown 
that the MTHFR gene C677T polymorphism is not the main genetic factor of migraine 
predisposition [3]. 

In other countries, such as China, MTHFR gene C677T polymorphism was associated 
with migraine [17]. This variability can be caused by the other genetic and environmental 
factors (lifestyle, nutrition, ecology, stress, climate variability, etc.), which cause 
epigenetic dysregulation in genome. The goal of the present study is to evaluate 
association of MTHFR gene C677T polymorphic variants and the risk of migraine 
development in the Georgian population. 
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MATERIAL AND METHODS 

Total of 153 individuals were enrolled in this study (71 patients with migraine and 82 
age-matched healthy controls). The study protocol was approved by the Ethics 
Committee of Tbilisi State Medical University. Written informed consent was obtained 
from all the patients and controls. Detailed information on medical history was obtained 
from all study subjects. Patients inclusion criteria are provided in Table 1. Controls 
(n = 83), which showed no evidence of headache disorder was recruited. 

Table 1 

Patients inclusion criteria 

Adults > 20 

Male and Female 

Ethnic Georgians 
Migraine was diagnosed with neurological examination and based on International 
criteria of headache [ICHD-II] determined by IHS 

MTHFR genotyping 

Venous blood samples were collected from patients and healthy subjects in K3EDTA 
coated tubes (5 ml). DNA extraction was performed using QIAamp DNA Mini Kit (Qiagen, 
Maryland, USA). MTHFR gene polymorphisms are detected by Polymerase Chain 
Reaction-Restriction Fragment Length Polymorphism (PCR-RELP) method. Primers, 
PCR conditions and Restriction enzymes are given in Table 2. The PCR product of C677T 
(198-bp band) was digested using HinfI restriction enzyme (NEB, USA), fragments were 
separated by 3% agarose gel electrophoresis and then visualized using UV 
Transilluminator (Enduro, USA). After digestion fragment sizes for the C677T variant 
were: 198-bp bands for CC, 175, 23-bp bands for TT, and 198, 175, and 23-bp bands for CT. 

Table 2 

Primers, PCR conditions and Restriction enzymes for MTHFR variant 
MTHFR 
variants 

Primer 
pairs  

PCR 
conditions 

Restriction 
enzymes 

C677T F/5′TGAAGGAGAAGGTGTCTGCGGGA3′ 
R/5′AGGACGGTGCGGTGAGAGTG3′ 

94°C for 5 min 
(96°C for 30 s, 

66°C for 30 s,72°C 
for 30 s) 30 cycles 

72°C for 5 min 

HinfI 

Statistical analysis 

Genotype and allele frequencies for the MTHFR genotype variants were investigated 
using standard Chi-square (χ2) analysis. Odds ratios (OR) and 95% confidence intervals 
(95% CI) were calculated for association between MTHFR genotypes/alleles and 
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subclinical hypothyroidism. A P value < 0.05 was considered statistically significant. 
Data were expressed as mean ± standard deviation (SD). The analysis was performed 
using SPSS software version 23 (Chicago, IL). 

RESULTS 

71patients with migraine and 82 age-matched controls were enrolled in this study. All 
participants were ethnic Georgians. The groups of patients and controls did not 
significantly differ concerning gender or age. MTHFR gene polymorphisms were detected 
by PCR-RELP method (Fig.1). Table 3 shows the allele frequencies and genotype 
distributions for MTHFR C677T and their ORs and 95% CIs for migraine. The genotype 
frequencies for both polymorphisms were in accordance with the Hardy-Weinberg 
equilibrium in the case and control groups. 

 
Fig. 1. PCR-RELP results of MTHFR C677T. M, 100 bp marker; 11-17 patients with migraine; 
18-22 healthy controls 

Table 3 

Distribution of MTHFR C677T Polymorphism and Allele Frequencies 

Variables Case 
(n = 71) 

Control 
(n = 82) 

Case -Control Odds Ratio 
(95% CI) 

Genotype 

CC 39 (31.6%) 61 (42.7%) Reference 

CT 24 (55.8%) 19 (44.2%) OR (CI)1.97 (0.95 to 4.07) 
p = 0.047 

TT 8 (31.6%) 2 (5.8%) OR (CI) 5.0794(1.04 to 24.77) 
p = 0.029 

Alleles 

C 102 (71.8%) 141 (86%) Reference 

T 40 (28.2%) 23 (14%) OR(CI) 2.4041 (1.35 to 4.26) 
p = 0.001 

Values are presented as mean ± SD or % 
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In the present study, the T allele frequency of MTHFR was significantly different 
between patient and control groups (28.2% versus 14%, p = 0.001; Table 3). The 
frequencies of the MTHFR C677T genotypes in the patients (CC, 31.6%; CT, 55.8; TT, 
31.6%) were also significantly different from controls (CC, 42.7%; CT, 44.2%; TT, 
5.8%) (p < 0.05). The MTHFR CT and TT genotypes were significantly associated with 
an increased risk of migraine (OR = 1.97, 95% CI:0.95 to 4.07, p < 0.05 and 
OR = 5.079495% CI:1.04 to 24.77, p < 0.05, respectively). 

DISCUSSION 

Migraine is a common neurovascular disorder, which affects about 16% of the worldwide 
population. The pathogenesis of the disease involves a combination of genetic and 
environmental factors. According to different single nucleotide polymorphism studies, 
ethnicity has a role in the gene diversity of migraine. It has been proposed that endothelial 
dysfunction, which increases oxidative stress and promotes inflammatory processes, is 
involved in the pathogenesis of migraine [4, 7]. In this respect, MTHFR C677T genetic 
polymorphisms may play a significant role in vascular disease [6]. 

In the present study we evaluated the migraine susceptibility variants of MTHFR gene for 
the first time in Georgian population. Our study indicates that the MTHFR C677T 
polymorphism is strongly associated with the risk of migraine. CT and TT genotypes 
were significantly linked to migraine development. In addition, the individuals with T 
allele have a significantly higher risk of migraine, as compared to individuals with C 
allele. 

The limitations of our study include a relatively small sample size. Also, there are some 
difficulties to obtain data about plasma levels of homocysteine or folate. Thus, we were 
not able to evaluate the association between blood based biomarkers and migraine. 
However, it has been proposed that MTHFR gene C677T variant causes hyperhomo-
cysteinemia, which is associated with endothelial cell injury, reduced production of nitric 
oxide and increased oxidative stress. 

In addition, the elevated levels of homocysteine have a neurotoxic effects and are 
associated with cardiovascular disease, cerebrovascular disease and peripheral vascular 
disease, which are involved in the pathogenesis of migraine [10-13]. The identification of 
individuals with C677T variants may be useful to migraine patients. In addition, 
homocysteine-lowering interventions in the form of supplements of vitamins B6, B9 or 
B12 might prevent this disorder. In conclusion, the association of MTHFR C677T 
variants with migraine has not been previously analyzed in Georgian population and 
further studies are needed with a larger sample size to prove our findings. 
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MTHFR genis C677T polimorfizmis sixSire qarTvel 

pacientebSi Sakikis diagnoziT 
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1 Tbilisis saxelmwifo samedicino universiteti, molekuluri da 
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reziume 

Sesavali. Sakiki aris kompleqsuri, multifaqtoruli daavadeba, romlis 

drosac aRiniSneba intensiuri Tavis tkivili da masTan asocirebuli 

arasasurveli simptomebi. identificirebulia ramdenime geni, maT Soris 

meTilentetrahidrofolat reduqtaza (MTHFR), romelic monawileobs Saki-
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kis paTogenezSi. warmodgenil SemTxveva-kontrolis kvlevaSi Seswavlil 

iqna MTHFR genis C677T polimorfizmis sixSire SakikiT daavadebul 

qarTul populaciaSi. 

masala da meTodebi. kvlevaSi CarTuli iyo SakikiT daavadebuli 71 

pacienti da imave asakis 82 janmrTeli individi. informirebuli Tanxmobis 

forma miRebul iqna yvela monawilisgan. MTHFR-is genotipireba ganxor-
cielda PCR-RELP meTodiT. 

Sedegebi. MTHFR genis T alelis sixSire mniSvnelovnad maRali iyo 

pacientebSi kontrolebTan SedarebiT. garda amisa, CT da TT genotipis 

sixSireebi mniSvnelovnad iyo asocirebuli Sakikis winaswarganwyobasTan. 

daskvna. C677T polimorfizmis mqone individebis identificireba, Se-

saZlebelia, sasargeblo iyos Sakikis mqone pacientebisTvis. garda amisa, 

homocisteinis Sesamcirebeli danamatebis intervenciam B6, B9 an B12 
vitaminebis saxiT, SesaZlebelia, uzrunvelyos am daavadebis prevencia. 

РАСПРЕДЕЛЕНИЕ ПОЛИМОРФИЗМА C677T ГЕНА MTHFR СРЕДИ 
ПАЦИЕНТОВ С МИГРЕНЬЮ В ПОПУЛЯЦИИ ГРУЗИИ 

Нино Кравеишвили1, 2,  Ека Кварацхелия1,  Майя Зарандиа1,   
Мераб Квинтрадзе1,  Елена Абзианидзе1 

1 Тбилисский государственный медицинский университет, Департамент молекулярной 
и медицинской генетики;  2 Тбилисский институт медицины 

РЕЗЮМЕ 

Введение. Мигрень – это сложное, многофакторное, рецидивирующее заболевание, 
сопровождающееся сильной головной болью и другими неприятными симптомами. В 
патогенезе этого заболевания вовлечены ряд генов, включая ген метилентетрагидро-
фолатредуктазы (MTHFR). 

Цель исследования – выявление полиморфизма С677Т гена MTHFR у пациентов с 
мигренью в грузинской популяции. 

Материал и методы. В исследовании были включены 71 пациента с мигренью и 82 здоро-
вых лиц того же возраста. Письменное информированное согласие было получено от всех 
пациентов и контрольной группы. Генотипирование MTHFR гена проводили методом PCR-RELP. 

Результаты. Анализ распределения генотипов MTHFR (С677Т) выявил, что частота аллеля 
T MTHFR была значительно выше у пациентов, по сравнению с контрольной группой. 
Кроме того, частота генотипов CT и TT была значительно ассоциирована с повышенным 
риском предрасположенности к мигрени. 

Заключение. Идентификация лиц с вариантами C677T может быть полезна для пациентов с 
мигренью. Кроме того, мероприятия по снижению уровня гомоцистеина в виде добавок 
витаминов B6, B9 или B12 могут предотвратить это заболевание. 
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TWIN 80-is zegavlena  

emulsiebis zogierT reologiur maxasiaTebelze 

maka manwkava,  nana momceliZe,  giorgi kuWava 

ivane beritaSvilis eqsperimentuli biomedicinis centri, reo-

logiis da diagnostikur-analitikuri servisebis ganyofileba,  

Tbilisi, saqarTvelo 

statiaSi ganxilulia niutonuri da araniutonuri siTxeebisTvis damaxa-

siaTebeli zogierTi Tavisebureba. aqcentireba gakeTda e.w. Sualeduri 

siTxeebis reologiuri maxasiaTeblebis aRweraze. Cvens interess 

warmoadgenda gagverkvia, ra zegavlenas axdens siTxeebis SemadgenlobaSi 

TWIN 80-is yofna/aryofna reologiuri kuTxiT. eqsperimentSi gamoyenebuli 

TWIN 80-is mier gamoxatuli reaqciebis analiziT aRmoCnda, rom myari 

nawilakebis Zala da urTierTqmedebis warmoSoba damokidebulia kon-

centraciebze. eqsperimentulad damtkicda, rom xaris albuminiT stabi-

lizebuli maRalkoncentrirebuli emulsiis reologiuri qceva myisierad 

damokidebulia cilis da zedapirulad aqtiuri nivTierebebis moleku-

lebze, maT urTierTobaze. dadginda suspenziis mTlian sivrceSi ar-

sebuli nawilakovani damokidebulebis zegavlena emulsiis denadobaze, 

agreTve cilis da zedapirulad aqtiuri nivTierebis molekulebis 

urTierTqmedeba fazaTaSoriso SreSi. aRmoCnda, rom suspenziis mTlian 

sivrceSi arsebuli nawilakovani damokidebuleba aformirebs reologiur 

Tvisebebs da gansazRvravs mis denadobas. Cveni kvlevis farglebSi 

dadginda, Tu ra sargeblianoba aqvs zedapirulad aqtiur nivTierebebs 

emulsiebis reologiuri Tvisebebis gaumjobesebis TvalsazrisiT. 

sakvanZo sityvebi: reologia, emulsia, denadoba, TWIN 80, zedapirulad 

aqtiuri nivTierebebi 

Teoriuli fizikis TvalsazrisiT, siTxeebi or nawilad iyofa: 

araniutonuri da niutonuri. araniutonuri siTxis siblante da-

mokidebulia siCqaris gradientze [4, 7]. rogorc wesi, aseTi 

siTxeebi araerTgvarovania da Sedgeba msxvili molekulebisgan, 

romlebic qmnis rTul sivrcul struqturebs. siTxeebis qcevas, 

romelic emorCileba niutonis kanonebs, niutonuri ewodeba. maTSi 
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tangencialuri daZabuloba da siCqaris gradienti pirdapir pro-

porciulia erTmaneTisa da amavdroulad siblantis ganmsazRvrelia 

[4, 7]. 

bunebaSi garda niutonuri da araniutonuri siTxeebisa, arsebobs 

gansakuTrebuli konsistenciebi, rodesac siTxe iTavsebs rogorc 

niutonuri, agreTve araniutonuri siTxis Tvisebebs. maT zogjer 

Sualedur siTxeebs uwodeben [5]. am klass miekuTvneba emulsiebi da 

suspenziebi. aseTi siTxeebis denadoba ganpirobebulia maTi reolo-

giuri TvisebebiT da Sewonil (an araSewonil) mdgomareobaSi myofi 

molekulebiT. 

Tanamedrove cxovrebaSi Zalian farTod aris gavrcelebuli emul-

siebis da suspenziebis gamoyeneba. farmaciaSi, kvebiT mrewvelobaSi, 

samSeneblo industriaSi, manqanaTmSeneblobaSi, metalurgiasa da 

mraval sxva dargSi farTod gamoiyeneba da/an formirdeba suspen-

ziebis da emulsiebis msgavsi masebi. qimiuri mrewveloba, kerZod 

kosmetikuri, agreTve sisufTavis damcavi saSualebebis warmoeba 

SeuZlebelia zedapirulad aqtiuri nivTierebebis gamoyenebis ga-

reSe. erT-erTi Zalian gavrcelebuli qimiuri naerTia TWIN 80, 
romelic farTod gamoiyeneba sacxebis, malamoebis, Jeleebis, sxva 

kosmetikuri, farmacevtuli, higienuri preparatebis rbili formebis 

dasamzadeblad. TWIN 80-s gaaCnia gansakuTrebuli Tvisebebi, romle-

bic Tavs iCens garkveul pirobebSi. fazaTaSoriso Sris agebuleba 

ganisazRvreba zedapirulad aqtiuri cilovani kompleqsebis TWIN 
80-Tan adsorbciiT [6]. cilebiT stabilizebuli koncentrirebuli 

emulsiebis qceviTi reologiuri maxasiaTeblebi, SesaZloa gansxva-

vebuli iyos [3]. 

Cveni kvlevis mizans warmoadgenda Segveswavla koncentrirebuli 

emulsiebis reologiuri maxasiaTeblebi im sistemaSi, sadac stabi-

lizacia moxda xaris albuminiT or gansxvavebul SemTxvevaSi: 1) 

roca sistemaSi iyo TWIN 80 da 2) roca sistemaSi TWIN 80 ar 

arsebobda. 

Cveni kvlevis ZiriTad mizans warmoadgenda dagvedgina, Tu ramdenad 

gaaCnda TWIN 80-s raime konkretuli zegavlena emulsiebis qceviT 

komponentze, da amis Sedegad gangvesazRvra TWIN 80-is zegavlena 

reologiur maxasiaTeblebze. 

masala da meTodebi 

natriumis azidis damatebiT Seqmnili iyo naerTi, romlis pH-s 

mniSvneloba meryeobda 6.5-7.3 diapazonSi. toluolis da wylis 
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fazis emulsia (1:1) miviReT centrifugirebiT. centrifugirebis dro 

Seadgenda 10 wuTs (8000 br/w), garemos temperatura meryeobda 22°C-
dan 25°C-mde. sedimentaciis Sedegad, romelic grZeldeboda 24 

saaTi, Cven mier miRebuli iyo emulsiebi sxvadasxva dispersuli 

fazebiT. miRebuli emulsiebi avlenda koalescinciur mdgradobas. 

emulsiebis dispersulobas vsazRvravdiT mikro-fotogadaRebiT 

Tanmimdevrulad, 7 dRis ganmavlobaSi. 

Cven viyenebdiT e.w. deformaciis simZlavris Sefasebis meTods, anu 

emulsiebis reologiuri parametrebi izomeboda nimuSebSi defor-

maciis simZlavresTan kavSirSi. nimuSebs warmoadgenda ori gansxva-

vebuli jgufi (mask), pirveli maTgani warmoadgenda toluolis da 

wylis nazavs, romelic xaris albuminiT da TWIN 80-iT iyo dasta-

bilizebuli, xolo meore ki – TWIN 80-is gamoyenebis gareSe. 

amisTvis viyenebdiT sazom ujreds diametriT 60 mm, konusis kuTxiT 

20, konus-sibrtyisSorisi manZili iyo 0.1 mm. nimuSebi defor-

mirdeboda sxvadasxva wanacvlebis siCqareze. 

Sedegebi da maTi ganxilva 

kvlevis Sedegad mogveca saSualeba gvemsjela, Tu rogori reo-

logiuri TvisebebiT da qcevis ra komponentebiT xasiaTdeba to-

luol-wylis emulsiebi, stabilizebuli xaris albuminiT (TWIN 80-
is TanxlebiT da misi Tanxlebis gareSe). aRmoCnda, rom toluol-

wylis emulsiebis (stabilizebuli xaris albuminiT TWIN 80-is 
gareSe) qcevis komponentebi waagavda araniutonuri siTxis qceviT 

komponentebs. kvlevis Sedegad dadginda, rom dabali daWimulo-

bebis dros aRiniSneboda siblantis gamoxatuli piki. maRali 

daZabulobis dros efeqturi siblante mcirdeboda da rac ufro 

maRali iyo daZabuloba, miT ufro mkafiod Canda niutonuri si-

blantis vardna. kvlevam naTlad aCvena, rom eqsperimentSi maRal-

koncentrirebuli emulsiebis profilebi reologiuri procesebis 

aRwerilobas emTxveoda. saSualo da maRalkoncentrirebuli emul-

siebi stabilizebuli cilebiT, konkretulad xaris albuminiT, 

rogorc TWIN 80-is TanxlebiT da agreTve mis gareSe, atareben 

gansakuTrebul reologiur profils. 

eqsperimenti warmoadgenda sistemuri observaciuli kvlevis (Svid-

dRiani dakvirveba) da modelirebis kompleqss. SviddRiani dakvir-

vebis Sedegad aRmoCnda, rom sakvlev sistemaSi TWIN 80-is arse-

bobisas araniutonuri intervali (regioni) warmoiqmneboda mcire 

daWimulobebis wanacvlebisas, dabali daWimulobis intervalSi 

(regioni) ki aRiniSneba ufro dabali niutonuri siblante. amav-
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droulad, araniutonur intervalSi (regionSi) siblante mcirde-

boda. yovelive es ufro da ufro mkafiod vlindeboda sistemaSi 

TWIN 80-is arsebobisas. 

sistemis mTavari obieqtis mTavari maxasiaTebeli – denadoba – Cven 

mier iyo warmodgenili diskretuli monacemebis sigmirebiT. ana-

lizis Sedegad aRmoCnda, rom sakvlevi naerTis denadoba zogierT 

konkretul fazaSi niutonuri siTxeebisTvis damaxasiaTebel qceviT 

aqtiobebs waagavda, am monakveTebSi denadobis funqciuri mdgo-

mareoba sruliad akmayofilebda niutonuri siTxeebis aRmwer ka-

nonebs [2]. 

denadobis Seswavla da detalizeba moxerxda moZraobis mrudebis 

agebiT da maTi analiziT. moZraobis mrudebis, anu denadobis 

ganmsazRvravi moduluri da veqtoruli maxasiaTeblebis analizma 

saSualeba mogvca dagvedgina, rom zogierT intervals ar gaaCnda 

eqstrimebi. eqstrimi ki sxva araferia, Tu ara zRvruli mniS-

vneloba. efeqturi siblantis cvalebadoba ar atarebda impulsur 

xasiaTs – ar fiqsirdeboda xSiri da gamoxatuli naxtomebi. 

yuradsaRebia is gansakuTrebuli regionebi, sadac moZraobis 

aRmweri mrudi ufro araniutonuri siTxis mruds waagavs, vidre 

niutonuri siTxisas, Tumca siTxe am monakveTSi xasiaTdeba 

gaormagebuli maxasiaTeblebiT da realurad warmoadgens dualur 

krebsiTi Tvisebebis mqone obieqts. aseT SemTxvevaSi siTxis 

denadoba SesaZloa ganisazRvros balkli-gerSelis gantolebebiT 

(blant-plastikuri masalisTvis) da/an kesonis gantolebebiT (flo-

kulirebadi dispersiebisTvis) [1]. 

balkli-gerSelis gantolebebis gamoyenebiT eqsperimentuli da 

gamoTvladi modelebis korelaciebi ufro met damajereblobas iZ-

leoda, vidre kesonis modeli.   

emulsiebis farTo gamoyeneba ganpirobebulia maTi reologiuri 

qceviT. emulsiebis maxasiaTeblebi damokidebulia ara mxolod maTi 

Txevadi Semadgenlobis qceviT unarebze da maT reologiaze, aramed 

uSualod emulsiebis SemadgenlobaSi myofi myari nawilakebis Tvi-

sebebze da maT urTierTqmedebis meqanizmze. 

eqsperimentSi gamoyenebuli toluolis, xaris albuminis da TWIN 80-is 
mier gamoxatuli reaqciebis analiziT aRmoCnda, rom myari nawilakebis 

Zala da urTierTqmedebis warmoSoba damokidebulia koncentra-

ciebze. eqsperimentulad damtkicda, rom xaris albuminiT stabilize-

buli maRalkoncentrirebuli emulsiis reologiuri qceva myisierad 

damokidebulia cilis da zedapirulad aqtiuri nivTierebebis mo-
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lekulebze, maT urTierTobaze. aSkara iyo suspenziis mTlian sivrceSi 

arsebuli nawilakovani damokidebulebis zegavlena emulsiis denado-

baze, Tumca, kidev ufro aSkara iyo cilis da zedapirulad aqtiuri 

nivTierebis molekulebis urTierTqmedeba fazaTaSoriso SreSi. 

yovelive es ki ayalibebs cvlad zedapirul aqtiur kompleqsebs. 
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ВЛИЯНИЕ TWIN 80 НА НЕКОТОРЫЕ РЕОЛОГИЧЕСКИЕ 
СВОЙСТВА ЭМУЛЬСИЙ 

Мака Манцкава,  Нана Момцелидзе,  Георгий Кучава 

Центр экспериментальной биомедицины им. Ивана Бериташвили, Отдел реологии и 
диагностико-аналитических услуг, Тбилиси, Грузия 

РЕЗЮМЕ 

В статье рассматриваются некоторые особенности ньютоновской и неньютоновской жидкостей. 
Акцент был сделан на описание реологических характеристик т.н. промежуточных 
жидкостей. Наш интерес состоял в исследовании реологического изменения жидкости под 
влиянием TWIN 80. Проанализировав реакции под воздействием TWIN 80, который был 
использован в эксперименте, показано, что сила твердых частиц и происхождение 
взаимодействия зависят от концентраций. Экспериментально было доказано, что реоло-
гическое поведение высококонцентрированных эмульсий, стабилизированных бычьим 
альбумином, зависит от взаимосвязи между молекулами белка и поверхностно-активного 
вещества. Нами было определено влияние пространственного взаимодействия частиц на 
поток эмульсии, а также взаимодействие белка и молекул поверхностно-активного 
вещества в межслоевом слое. Оказалось, что взаимосвязь частиц суспензии формирует рео-
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логические свойства и определяет ее текучесть. Наши исследования выявили преимущества 
поверхностно-активных веществ в улучшении реологических свойств эмульсий. 

EFFECT OF TWIN 80 ON SOME  
RHEOLOGICAL PROPERTIES OF EMULSIONS 

Maka Mantskava,  Nana Momtselidze,  Georgy Kuchava 

Ivane Beritashvili Center for Experimental Biomedicine, Department of Rheology and 
Diagnostic and Analytical Services, Tbilisi, Georgia 

SUMMARY 

The article discusses some of the features of Newtonian and non-Newtonian fluids. The emphasis 
was placed on the study of the rheological characteristics of the so-called intermediate fluids. Our 
interest was in the study of the rheological change in the fluid under the influence of TWIN 80. 
After analyzing the reactions under the influence of TWIN 80, it turned out that the strength of 
solid particles and their interactions depended on the concentrations. It has been experimentally 
proven that the rheological behavior of highly concentrated emulsions stabilized with bovine 
albumin depends on the relationship between protein and surfactant molecules. We have studied 
the effect of the spatial interaction of particles on the emulsion flow, as well as the interaction of 
protein and TWIN 80 molecules in the interlayer layer. It turns out that the interconnection of the 
suspension particles forms the rheological properties and determines its fluidity. Our research has 
revealed the advantages of surfactants in improving the rheological properties of emulsions. 
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SLEEP RESEARCH ACHIEVEMENTS IN GEORGIA – 
EARLY PERIODS OF SLEEP STUDIES 

Nargiz Nachkebia 

Iv. Beritashvili Center for Experimental Biomedicine, Laboratory of Neurobiology of 
Sleep-Wakefulness Cycle, Tbilisi, Georgia 

The paper represents rethinking and overview of some early significant scientific facts 
obtained during different periods of sleep research in Georgia. The first period was related 
to the name of Professor Ivane Beritashvili. On the basis of analysis of some facts, obtained 
by electrolytic lesion, in 1939 Beritashvili assumed that electrical activity of the cerebral 
cortex during sleep is regulated at the level of hypothalamus. Conclusion was made by 
Beritashvili in the period when sleep was strongly considered as a passive process, while his 
conclusion directly indicated the active nature of sleep. 

The second period was related to the name of Professor Levan Tskipuridze. Facts obtained 
by Tskipuridze were the first indication to the heterogeneity of sleep consisting of two 
different phases. In 1950, Tskipuridze described for the first time among sleep researchers a 
new phase of sleep named by him as a “restless sleep”. Unfortunately, today Tskipuridze is 
considered as one of the forerunners of REM/paradoxical sleep discovery, however, in 1950, 
he confirmed that sleep could not be a homogeneous phenomenon. 

The third period was started in 1968 and was related to the name of Professor Tengiz 
Oniani. We discuss here some very important facts that have changed or could have changed 
the phenomenology of sleep. It has been for the first time shown by Oniani and colleagues 
that the transition from slow wave sleep into REM/paradoxical sleep has a gradual but not 
instantaneous nature. There is the transitional stage from slow wave to REM/paradoxical 
sleep and it is characterized by own cortical and hippocampal EEG correlates. 
REM/paradoxical sleep has been subdivided in cats into two stages: emotional – that is the 
prevalence of hippocampal theta rhythm and non-emotional – diminution of hippocampal 
theta rhythm. A new method of selective non-pharmacological deprivation of REM/ 
paradoxical sleep has been developed, which has been assessed on healthy and depressive 
volunteers. 

Key words: Restless sleep, transitional stage, emotional stage, non-emotional stage 

Sleep research has a long history in the world, comprised from distinct periods and 
careful experimental investigations made by various scientific groups and scientists. 
Some of them left their names and important footprint in the field of sleep neurobiology, 
as a result of distinguished scientific thinking and hard-working, leading to the 
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discoveries and setting forth scientific theories that subserved to future developments in 
the field of basic sleep mechanisms and sleep disorders. 

Despite the facts obtained by von Economo [17, 18, 19], in the patients with viral 
encephalitis after the World War I and his conclusions about the importance of the 
anterior and posterior regions of the hypothalamus in the basic mechanisms of sleep and 
wakefulness, respectively, intensive sleep researches were started only in the 1930s after 
EEG registration had become possible [3]. As we know very well, sleep researches in the 
period from 1930s to 1940s were related to the investigations carried out by Frederic 
Bremer [5] and other authors by brain sections at the different levels [12, 14, 15, etc.] and 
by electrolytic lesions of various brain structures [9, 10, 16, 22, etc.] that were devoted to 
the understanding the nature of sleep. In that period sleep was strongly considered as a 
unitary and passively developing phenomenon. 

Sleep research has also a long history in Georgia, consisting of different periods. The first 
period was started in the late 1930s and was directly related to the renowned physiologist 
Prof. Ivane Beritashvili. 

Ivane Beritashvili was the selected Georgian scientist who has gained the lifetime to the 
recognition of contemporaries in the worldwide. He was one of the founders and 
members of the Georgian Academy of Sciences, a member of three academies of sciences 
of the former Soviet Union. He was an honorary member of the New York Academy of 
Sciences, the American Society of Electroencephalography, the Royal Society of 
England, the American Society of Biological Psychiatry, one of the founders and 
honorary member of the International Brain Research Organization. He was an honored 
scientist of Georgia, a laureate of the State Prize, recipient of many orders and medals. 

Ivane Beritashvili went down in the history as a person founded in 1919 the Department 
of physiology at the newly opened Tbilisi State University. He developed physiological 
terminology in Georgian, wrote a textbook of physiology in Georgian language for 
students of universities, raised a generation of worthy scientists from his first students, 
founded the Georgian School of Physiology. In 1935 he founded the Institute of 
Physiology in Tbilisi, took it to the international arena and in his lifetime established its 
great scientific authority. This authority was recognized by his contemporary, world-
renowned scientists who often visited Beritashvili at the Institute of Physiology. 

In 1939, simultaneously with the Ranson [39] and 7 years before Nauta [26], Prof. 
Beritashvili stated the significance of hypothalamus in the generation of sleep in animals. 
Based on the analysis of some facts, obtained by electrolytic lesion, Beritashvili assumed 
that electrical activity of the cerebral cortex during sleep is regulated at the level of 
hypothalamus [4]. This very important conclusion was made by Beritashvili in the period, 
when sleep was strongly considered as a passive process, while his conclusion directly 
indicated the active nature of sleep that can be regulated from the anterior part of 
hypothalamus. Such a statement was supporting for the well-known observation by von 
Economo [17, 18, 19] on the patients with viral encephalitis about the significance of 
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anterior and posterior parts of hypothalamus for the development of normal sleep and 
wakefulness, respectively. 

The second period of sleep research in Georgia was related to one of the students of Ivane 
Beritashvili, Prof. Levan Tskipuridze, who for the first time among sleep researchers, in 
1950 described a new phase of sleep named by him as a “restless sleep” [41]. Studying 
the electrographic and behavioral signs of sleep, Tskipuridze revealed that during 
behavioral sleep “the cat shows feeble unilateral or bilateral movement of whiskers or 
slight twitches of extremities. During sleep cats can exhibit more considerable movement 
of the extremities, head and whiskers, but despite such an intensive movements they do 
not awake” [Tskipuridze, 1950, p. 216]. It has been shown by Tskipuridze that in parallel 
to these behavioral signs, i.e. during the so-called “restless sleep”, the pattern of the 
electrical activity of cerebral cortex was altered significantly. When the animal calmed 
down, neocortical electrical activity assumed the character of the sleepy state, i.e. there 
arose long-lasting electrical potentials. These changes were presented by the records of 
electrical potentials, made by Tskipuridze using a single or double-beam cathode-ray 
oscillograph. Electrical potentials were pre-amplified with a condensation-coupled 
amplifier. In the given historical overview we present these recordings unchangeable, as 
they were published by Tskipuridze in 1950 [41]. 

 
Fig. 1. Symmetric sensory-motor areas: I – the right one, II – the left one. A – in the right sensory-
motor area first appears a regular rhythm which then, together with the fast component are 
suppressed by long-lasting electric potentials. In the left area suppression of fast electric 
oscillations is observed only at the end. B – the same phenomenon is observed: during the 
development of slow waves in the right area, the fast potentials are suppressed, in the left they are 
seen for 0.5 sec, thereafter occur their suppression. The second slow electric wave suppresses the 
fast potentials concomitantly in both areas. C – at the beginning a regular rhythm arises in both 
areas, subsequently not followed by suppression and the suppression of the fast potentials occurs 
later on. D – at this stage of sleep a frequent appearance of the regular rhythm is characteristic. At 
the beginning in both areas develops long-lasting potentials, but soon they are replaced by a 
regular rhythm with the frequency 10 oscillation per sec, in the continuation of this experiment 
weak infrequent and disorderly twitching of whiskers and forepaws are observed (from 
Tskipuridze, 1950). 
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Fig.1 represents the electrical activity of symmetric sensory-motor areas, left (I) and right 
(II), during behavioral sleep. Recordings presented in part A show that in the right 
sensory-motor area first appears a regular rhythm suppressed then by long-lasting fast 
electrical potentials. Such a pattern of electrical activity was developed in the cerebral 
cortex when during sleep the cat showed feeble unilateral or bilateral movements of 
whiskers or slight twitches of the extremities [41, p.217]. It was the first recording of 
activated electro-neocorticogram during behavioral sleep, which was accompanied by 
some behavioral activities reminding wakefulness state of animals. 

 
Fig. 2. Symmetric sensory-motor areas: I – the right one, II – the left one. A – at the beginning in 
both areas the slow electric waves are seen, suppressing the fast oscillations. The slow waves 
following them do not virtually suppress the fast oscillations and this always coincides with the 
appearance of movement of forepaws and whiskers. B – continuation of A. In both areas slow 
oscillations disappear and only fast ones are noticeable. At this time the most intensive movements 
are observed, C – continuation of B. At the beginning of the figure in both areas, one can observe 
fast oscillations and accordingly intensive movements of paws and whiskers are observable. Later 
on a regular rhythm appeared and by this moment the movements of the paws and whiskers had 
become rarer. The regular rhythm is followed by a full suppression of fast electric oscillations that 
corresponds to the calming down of the animal (From Tskipuridze, 1950). 

Fig. 2 represents once again the same line of evidence, namely, development of fast wave 
activity in symmetric areas of sensory-motor cortex during behavioral sleep and its 
coincidence with intensive movements of paws and whiskers. 

Facts obtained by Tskipuridze were the first indications to the heterogeneity of sleep 
consisting two different phases, as a minimum, and that the new phase of sleep may be 
the so-called “restless sleep”. In other words, in 1950 this was the first confirmation that 
sleep cannot be the homogenous phenomenon. These facts can be considered as the 
significant discovery of the Georgian physiologist. 

The article describing aforementioned new facts have been published in 1950 in the 
Georgian local serial books “The Transactions of the Institute of Physiology” [41] in 
Russian and unfortunately it did not become known for foreign sleep researchers and did 
not receive adequate attention and recognition from sleep researchers of European 
countries and USA. This was also facilitated by the unfortunate circumstance – professor 
Tskipuridze passed away soon after the publication of his work. 
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As we all know, today the discovery of the new phase of sleep, now widely known as 
REM sleep, was made by Aserinsky and Kleitman [1, 2] in 1953, 3 years later after the 
publication of Tskipuridze’s work. Such is the real history of the discovery of new phase 
and heterogeneity of sleep. 

One more unnoticed discovery linked to the name of Levan Tskipuridze is related to the 
description of alpha rhythm in animals. Alpha rhythm was considered for a long time as 
the phenomenon characteristic of only humans. 

This notion was also shared by Ivane Beritashvili. Opposite evidence was obtained and 
published by Tskipuridze in 1950 in the same work [41]. Namely, he showed that alpha 
rhythm developed in animals equally in the same frequency range as in humans (Figs 3 
and 4). 

In his publication in 1950 Tskipuridze wrote “During sleep in the cerebral cortex there 
may appear a regular rhythm from 8 to 12 oscillations per sec. . . . . and when alpha-like 
waves of 8-12 frequency range appear in the intervals between two long waves, the fast 
electrical potentials are always visible among them”[41, p. 210]. Unfortunately, this 
significant scientific fact remained without attention and recognition for the same reason 
as the discovery of “restless sleep”. 

 
Fig. 3. Symmetric sensory-motor areas: 1- the right one, II – the left one, A – at the beginning of 
the oscillogram in the symmetric regions arise regular waves which are suppressed by the 1st slow 
electric wave. The same is noticed during the 2nd wave in the right sensory-motor area. B – during 
the appearance of the first slow wave the regular waves are strongly suppressed. C – at the end of 
the 1st slow wave in both areas a regular rhythm arises suppressed by the 1st slow wave. It is 
noteworthy that the regular waves suppress the fast electrical potentials, but this suppression is 
weaker than that affected by long-lasting slow waves, which suppress both the regular rhythm and 
the fast potentials (From Tskipuridze, 1950) 

We think it is our duty to remember and rethink these facts, even about seven decades 
after their publication. Indeed, it’s true that it may have only symbolic meaning now, but 
all of these indicate the scientific achievements of Georgian school of physiology of that 
time in the field of sleep research. 
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Fig. 4. Symmetric visual areas: I – left, II – right. A – at the beginning the slow electrical 
potentials are seen in both areas characteristic of sleepy state, followed by a regular rhythm, 12 
oscillations per sec. B – rhythm of fast electrical oscillations has arisen in both areas. This was 
preceded by opening of eyes and stretching of forepaws (From Tskipuridze, 1950) 

The third period of sleep research in Georgia was associated with the name of Prof. 
Tengiz Oniani. I would like to remind that Tengiz Oniani started scientific working under 
the leadership of Academician Ivane Beritashvili from the 1950s and soon became his 
one of the most successful disciples. Scientific research has become the main priority of 
his life, and the laboratory as his second home. The first part of the Professor Oniani’s 
fruitful scientific work was related to the study of the subtle aspects of the interrelation 
between the membrane of the muscle cell and myofibrils. He has defended his candidate 
and doctoral dissertations on this topic and published two important monographs [27, 29] 
that still retain their significance for the scientists in the field. Tengiz Oniani was 
seriously attracted in the aforementioned direction of physiology, which was especially 
relevant at that time, but due to the respect to his great teacher Academician Ivane 
Beritashvili, he has completely changed the direction of his own scientific researches. 
Academician Beritashvili wanted his disciple to start electrophysiological studies of 
motivational and emotional behavior, which meant establishing a new research direction 
in the Institute of Physiology and in entire Georgia. Such was a short history of the 
formation of the new scientific unit in 1968, called the Laboratory of “Comparative 
Physiology” for several years. Neurophysiological researches of motivational-emotional 
behaviors were immediately started at the newly formed laboratory, which soon 
developed in the studies related to the neurobiology of sleep-wakefulness cycle, because 
for the comprehensive assessment of behavioral and electrophysiological parameters of 
motivational-emotional reactions it was necessary to study them against the background 
of various behavioral states (phases) of the sleep-wakefulness cycle. That's why the name 
of the laboratory was changed to “The Laboratory of Neurobiology of Sleep-Wakefulness 
Cycle”, reflecting more precisely the directions of the scientific research. 

Thus, Ivane Beritashvili has changed the scientific future of Tengiz Oniani. Professor 
Oniani became the founder and an unchanged scientific leader of the fields of 
neurobiology of sleep-wakefulness and pathophysiology of sleep disorders in Georgia. 
Under his leadership the laboratory, which is now more than 50 years old since its 
foundation, has achieved big successs as a result of great authority, talent, deep scientific 
thinking and diligence of Academician Oniani. 
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The researches conducted by Professor Tengiz Oniani and his colleagues for decades 
became the basis for the development of sleep medicine in Georgia that is at starting step 
now. 

From 1970s intensive researches of various aspects of sleep-wakefulness cycle were 
carried out in the laboratory and as a result of the long-lasting investigations many 
interesting new facts were obtained, but unfortunately some of them shared the fate of the 
above mentioned unnoticed discoveries. This article will highlight some of those facts 
and opinions. 

Namely, in the scientific research, conducted at the laboratory of the Neurobiology of 
Sleep-Wakefulness Cycle, Academician Tengiz Oniani and his colleagues received 
scientific results that significantly changed sleep phenomenology, views about 
neurobiological mechanisms and functions of sleep phases in normal and different 
pathological conditions. Namely, the transitional stage from slow wave to REM/ 
paradoxical sleep and its cortical and hippocampal EEG parameters were described for 
the first time [28, 30, 32]. On the basis of the nature of electrical activity of neocortical 
regions and the hippocampus and changes in somatic-vegetative parameters, for the first 
time paradoxical sleep was subdivided into two stages: emotional – that is the prevalence 
of hippocampal theta rhythm and non-emotional – the diminution of hippocampal theta 
rhythm [28, 30, .32]. Such classification has a great importance in terms of appropriate 
diagnosis of a range of pathologies that are accompanied by REM/paradoxical sleep 
disorders. Hippocampal theta rhythm has been identified as the EEG correlate reflecting 
the level of motivational-emotional tension [34]. The new method of selective non-
pharmacological deprivation of REM/paradoxical sleep has been developed, which has 
been assessed on healthy and depressive volunteers – the patent is obtained on this 
method [23, 24, 34 and 37]. The question about inner biological need of wakefulness was 
raised for the first time and its existence was confirmed by the pharmacological and non-
pharmacological methods [25]. 

Enumeration of scientific novelty will take us far away. The contribution of Academician 
Tengiz Oniani in the researches of neurophysiology of motivational and emotional 
reactions, phenomenology of sleep, neurophysiological mechanisms and functional 
significance of sleep-wakefulness cycle and pathophysiology of sleep disorders are 
accurately reflected in its scientific heritage, which comprise about three hundred 
scientific articles, six edited books and three monographs. 

Let us consider some of the aforementioned significant research more precisely. It should 
be mentioned that for the description of the morphology of sleep-wakefulness cycle, at 
the very beginning, the most informative approach was the study of the dynamics of 
electrical activity of cortical and subcortical structures of the brain. Since the classical 
works by Berger [3], it was considered for a long period of time that the state of sleep, in 
contrast to the wakefulness, is characterized by the development of synchronous slow 
high amplitude electrical activity. On the basis of the character of cortical slow-wave 
activity, the state of sleep was subdivided into two stages: light and deep slow-wave sleep 
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[20, 21, 42]. As we know very well, this classification of slow-wave sleep is used up to 
date for the animal sleep research. Radical corrective was made in the phenomenology of 
sleep after the discovery of the REM and/or paradoxical sleep [1, 2, 7, 41] characterized 
by the desynchronization of neocortical electrical activity and synchronization of 
hippocampal electrical activity in the range of theta rhythm, as it was natural for active 
wakefulness in cats and rodents [7, 9-12, 31, 32]. Such changes in neocortical and 
hippocampal electrical activities were considered for a long time as the tonic components 
of REM/paradoxical sleep. 

Despite the fact that REM/paradoxical sleep, since its discovery, has attracted attention of 
both neurophysiologists and neuropsychologists, its intrinsic architecture and the changes 
in electrical activity of cortical and subcortical structures in the course of the episodes of 
REM/paradoxical sleep were not studied sufficiently. 

According to the old classification by Rechtschaffen and Kales (1968), in humans sleep 
was subdivided into nonREM and REM sleep and nonREM sleep was subdivided into 
four stages – stage 1; stage 2; stage 3; stage 4 [40]. REM/paradoxical sleep was 
considered in this classification as a unitary behavioral state without any internal 
structure. 

Indeed, still in 1970s the special series of researches, made by Oniani and colleagues, 
were devoted to the investigations of the intrinsic structure of REM/paradoxical sleep. In 
these works careful studies of the dynamics of electrical activities of neocortex and 
hippocampus during different behavioral states of sleep-wakefulness cycle were done. As 
was shown by these experiments, changes in electro-neocorticogram and electrohippo-
campogram can’t be considered as the tonic components of REM/paradoxical sleep. 

In the studies, conducted by Oniani and colleagues, it has been shown that the transition 
from slow wave sleep into REM/paradoxical sleep has a gradual but not instantaneous 
nature. Therefore, special attention was devoted to the description of the peculiarities of 
transition from slow wave to REM/paradoxical sleep and on the basis of long-lasting 
investigation, the “transitional stage” between them was described for the first time [28, 
30, 32, 33]. Namely, it was shown (Fig. 5) that during transition from slow wave to 
REM/paradoxical sleep, there develops desynchronization of high amplitude slow delta 
and theta waves and dominance of rhythms in the range of alpha frequency in the 
neocortex. At the same time in the electrical activity of hippocampus the rhythms in delta 
and alpha range diminish and theta rhythm starts development, though theta rhythm does 
not have such an intensive expression and dominance, as it is characteristic of the fully 
developed episodes of REM/paradoxical sleep (Fig. 5B). It was also shown that 
transitional stage between slow wave and REM/paradoxical sleep lasts from a few to 20-
30 sec, and then, it is replaced by fully developed episodes of REM/paradoxical sleep or 
short awakening and/or episodes of light slow wave sleep. Unfortunately in the scientific 
literature the “transitional stage” is not ascribed to Tengiz Oniani and his colleagues and 
their work describing “transitional stage” doesn’t receive due attention. We think that the 
only reason for this may be the publication of this original work in 1969 in Russian [28]. 
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Fig. 5. Electrical activity of neocortex and hippocampus during different phases of sleep. Leads: 1 – 
electrical activity of sensory-motor cortex; 2 – electrical activity of dorsal hippocampus; 3 – eye 
movements; 4 – integrated values of delta, theta, alpha, beta1 and beta2 rhythms in 5 sec epochs 
for sensory-motor cortex (the first five deviations) and hippocampus (next five deviations). 
Calibration – 200 mkv, time – 1 sec (From Oniani, 1980) 

Moreover, on the basis of long lasting investigations of the dynamics of electrical activity 
of neo- and archipaleocortical structures and the somatic and vegetative signs of 
emotional tension in the course of sleep behavioral states, it has been shown that 
REM/paradoxical sleep is not a homogenous phenomenon, but it has its own intrinsic 
structure. The first results of detailed studies of the dynamics of electrical activity of 
neocortex and the hippocampus with parallel spectral analyses of various rhythms of EEG 
were first published by Oniani and colleagues in 1969 in the Georgian Journal “Bulletin 
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of Georgian National Academy of Sciences” [28] and then in 1973 in the Sechenov 
Physiological Journal of the USSR [32]. The evidences published in these journals 
became the basis for the subdivision of REM/paradoxical sleep into two stages. The first 
one was characterized by: 1) strong desynchronization of neocortical electrical activity; 2) 
sharp increase in hippocampal theta rhythm frequency and expression (Fig. 7B); 3) sharp 
increase in the incidence of pontogeniculooccipital waves; 4) sharp increase in the 
frequency of rapid eye movements; 5) presence of muscular twitches and irregularity of 
heart and breathing rate. Such periods were named by authors as an emotional stage of 
REM/paradoxical sleep or the stage of prevalence of hippocampal theta rhythm [30, 
32-35]. 

The second stage was characterized by: 1) the dominance of alpha waves in neocortical 
electrical activity; 2) diminution in the frequency and expression of hippocampal theta 
rhythm (Fig. 7A); 3) diminution in the incidence of pontogeniculooccipital waves; 4) 
diminution in the frequency of rapid eye movements; 5) disappearance of muscular 
twitches and irregularity of heart and breathing rate. Such periods were named by Oniani 
as a non-emotional stage of REM/paradoxical sleep or the stage of theta rhythm 
diminution [30, 32-35]. It has also been shown that the stage of theta rhythm diminution 
can continue for 10-30 sec and it is immediately replaced by the stage of prevalence of 
theta rhythm (emotional stage). In cats, which are very appropriate species for sleep 
research, emotional and non-emotional stages alternate each other several times during 
each episode of REM/paradoxical sleep. Unfortunately, in the review articles by famous 
sleep researchers, which have been published after 1973 and recently, we often come 
across the notion that REM/paradoxical sleep is characterized by the continuous 
development of hippocampal theta rhythm [cf. 6]. Though in the 1970s Oniani confirmed 
that it was not so. 

Despite a great importance of such a subdivision of REM/paradoxical sleep for the 
appropriate diagnosis of a number of neuropsychological and psychiatric diseases and the 
fact that this article was first published in 1969, the old atlas of sleep scoring by 
Rechtschaffen and Kales [40] considered REM sleep as an unitary behavioral state. It was 
only in 2007 that the American Academy of Sleep Medicine (AASM) stated that 
REM/paradoxical sleep was not a homogeneous phenomenon and it also could have its 
own internal structure. In the new atlas for sleep scoring (AASM, 2007), REM sleep is 
subdivided into the two stages – the so called P-REM sleep and T-REM sleep [8]. It is 
stated in the AASM atlas that “REM sleep sometimes is divided into phasic (P) and tonic 
(T) components. P-REM sleep is characterized by phasic contractions of muscles that 
develop concurrently with rapid eye movements. This activity is likely to correlate with 
the content of the dreams. . . "T-REM sleep is generally characterized by low-voltage 
activated EEG and low muscle activity without rapid eye movements [8]. This is a very 
important decision, because the subdivision of REM/paradoxical sleep into stages, the 
first author of which is academician Tengiz Oniani [33, 34], is very important for the 
correct diagnosis of a number of neuropsychological and psychiatric diseases. It would be 
fair to cite Tengiz Oniani and colleagues in this atlas, as the first authors describing this 
fact in cats in 1970s. 
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Fig. 6. The dynamics of electrical activity of visual cortex (2), dorsal left (3) and right (4) 
hippocampus during different stages of paradoxical sleep. 1 – activity of eye moving muscle, 5- 
activity of neck muscle, 6 – breathing rate, 7 – integrated values of delta, theta, alpha, beta1 and 
beta2 rhythms in 5 sec epochs for visual cortex (the first five deviations) and hippocampus (next 
five deviations). Plus – marks alpha rhythm, o – beta1 rhythm. Calibration – 100 mkV, time – 1.5 
sec (From Oniani et. al., 1973) 

Moreover, in the work published in 1973, Oniani wrote “it is undoubtable now that 
paradoxical sleep is accompanied by the development of emotional tension and 
motivational processes and both must reflect development of needs and their satisfaction. 
All neurophysiological parameters indicate that during paradoxical sleep in the stage of 
prevalence of hippocampal theta rhythm, emotional tension of the whole organism 
enhances, while in contrast to this in the stage of diminution of hippocampal theta rhythm 
it decreases. These results indicate that during the stage of prevalence of hippocampal 
theta rhythm (i.e. during emotional stage), there may develop all kinds of needs with 
respective emotional tension, but during the stage of diminution of hippocampal theta 
rhythm (i.e. during non-emotional stage) – their satisfaction” [31, 33]. 

 Further, in the long lasting studies of the level of excitability of various brain structures 
during sleep-wakefulness cycle [35] and the pattern of neuronal activity of the cells of 
some cortical and subcortical structures in different phases of sleep-wakefulness cycle 
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[36], the conclusion was made that the systems responsible both for the wakefulness and 
REM/paradoxical sleep can be the same and depending on the level of their activity they 
can trigger wakefulness and/or REM/paradoxical sleep [36]. 

  
Fig. 7. The results of statistical treatments of delta, theta, alpha, beta1 and beta2 rhythms of visual 
cortex (A) and hippocampus (B) in the stage of prevalence of hippocampal theta rhythm (black 
circles) and in the stage of diminution of hippocampal theta rhythm (light circles) (from Oniani et 
al., 1973) 

Such conclusion became the basis for the question, whether the episodes of active 
wakefulness can satisfy the need for REM/paradoxical sleep. To answer this question a 
new method of selective non-pharmacological deprivation of REM/paradoxical sleep was 
worked out by Prof. Oniani. New non-pharmacological method of deprivation was 
concluded in the replacement of the whole episodes of REM/paradoxical sleep by the 
fragments of active wakefulness of the same length, as is the mean duration of 
REM/paradoxical sleep in cats. It appeared that deprivation of REM/paradoxical sleep by 
this new method, in contrast to the effects of paradoxical sleep deprivation by other 
known methods, does not lead to its rebound either during the period of deprivation or in 
post deprivation period [23, 24, 36-38]. In addition, in post deprivation period the 
enhancement of the level of emotional tension, which is characteristic of the deprivation 
of REM/paradoxical sleep by other non-pharmacological and pharmacological 
methodical approaches, is not noted. Under the supervision of prof. Oniani this question 
was investigated on cats, rats and guinea pigs by the main part of the laboratory staff. As 
a result it was concluded that the fragments of active wakefulness can replace the 
episodes of REM/paradoxical sleep and consequently can satisfy biological need for 
REM/paradoxical sleep [35]. 

Besides the facts presented in this overview, many other interesting results have been 
obtained and published until now by the staff of the Laboratory of Neurobiology of Sleep-
Wakefulness Cycle at Iv. Beritashvili Center for Experimental Biomedicine (former 
Iv. Beritashvili Institute of Physiology). They complement and enrich the history of sleep 
research in Georgia and in the world but their overview is not the aim of the present paper. 
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Zilis kvlevis miRwevebi saqarTveloSi – Zilis Seswavlis 

adreuli periodebi 

nargiz naWyebia 

ivane beritaSvilis eqsperimentuli biomedicinis centris Zil-RviZilis 

ciklis neirobiologiis laboratoria, Tbilisi, saqarTvelo 

reziume 

statiaSi warmodgenilia saqarTveloSi Zilis kvlevis adreul periodebSi 

miRebuli sayuradRebo samecniero faqtebis mimoxilva da maTi mniS-

vnelobis Sefaseba dRevandeli gadasaxedidan. pirveli periodi profesor 

ivane beritaSvilis saxels ukavSirdeba. eleqtrolizuri dazianebiT 

miRebuli zogierTi faqtis analizis safuZvelze, beritaSvilma 1939 wels 

daaskvna, rom Zilis dros axali qerqis eleqtruli aqtioba hipoTalamusis 

doneze regulirdeba. es daskvna, romelic pirdapir miuTiTebda Zilis 

aqtiur bunebaze, gakeTda im periodSi, rodesac Zili myarad ganixileboda, 

rogorc pasiuri procesi. 

meore periodi profesor levan cqifuriZis saxels ukavSirdeba. cqi-

furiZis mier miRebuli faqtebi Zilis heterogenurobis pirveli maniS-
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nebeli iyo. cqifuriZem, 1950 wels, pirvelad Zilis mkvlevarebs Soris, 

aRmoaCina Zilis axali faza, romelsac `mousvenari Zili~ uwoda. samwu-

xarod, dReisTvis, cqifuriZe REM/paradoqsuli Zilis aRmoCenis erT-erT 

winamorbedad ganixileba, Tumca, 1950 wels, axali fazis aRmoCeniT man 

daadastura, rom Zili ar SeiZleba iyos erTgvarovani fenomeni. 

mesame periodi 1968 wels daiwyo da ukavSirdeba profesor Tengiz onianis 

saxels. aq ganvixilavT ramdenime mniSvnelovan faqts, romlebmac Secvala 

Zilis fenomenologia. onianma da misma kolegebma 1970-ian wlebSi aCvenes, 

rom neltalRovani Zilidan REM/paradoqsul ZilSi gadasvlas Tanda-

TanobiTi xasiaTi aqvs da ara myisieri. pirvelad iqna aRwerili nel-

talRovani Zilidan paradoqsul ZilSi gardamavali stadia da misi 

qerquli da hipokampuri eeg korelatebi. pirvelad iqna naCvenebi, rom 

REM/paradoqsuli Zili ar aris erTgvarovani fenomeni da masSi SeiZleba 

gamoiyos ori stadia: emociuri, anu Teta ritmis dominirebis da 

araemociuri, anu Teta ritmis daTrgunvis. Seiqmna REM/paradoqsuli Zilis 

arafarmakologiuri seleqciuri deprivaciis axali meTodi, romlis 

efeqturobac Sefasda rogorc janmrTel, ise depresiul moxaliseebze. 

ДОСТИЖЕНИЯ В ИССЛЕДОВАНИЯХ СНА В ГРУЗИИ –  
РАННИЕ ПЕРИОДЫ ИЗУЧЕНИЯ СНА 

Наргиз Начкебия 

Центр экспериментальной биомедицины им. И. Бериташвили, лаборатория нейробио-
логии цикла бодрствование-сон, Тбилиси, Грузия 

РЕЗЮМЕ 

Статья представляет собой переосмысление и обзор некоторых ранних важных научных 
фактов, полученных в разные периоды исследований сна в Грузии. Первый период связан с 
именем профессора Иване Бериташвили. На основании анализа фактов, полученных 
методом электролитического повреждения, Бериташвили в 1939 г. утверждал, что электри-
ческая активность новой коры во время сна регулируется на уровне гипоталамуса. Работа 
была опубликована в период, когда сон твердо рассматривался как пассивный процесс, а 
вывод Бериташвили прямо указывал на активный характер сна. 

Второй период связан с именем профессора Левана Цкипуридзе. Факты, полученные 
Цкипуридзе, были первым указанием на неоднородность сна, состоящего из двух разных 
фаз. В 1950 году он впервые среди исследователей сна описал новую фазу сна, названную 
им «беспокойным сном». К сожалению, сегодня Цкипуридзе считается одним из 
предшественников открытия REM/парадоксального сна, хотя в 1950 году, открыв новую 
фазу, он подтвердил, что сон не может быть однородным явлением. 

Третий период начался в 1968 году и связан с именем профессора Тенгиза Ониани. Мы 
обсуждаем здесь некоторые очень важные факты, которые изменили или могли бы 
изменить феноменологию сна. Ониани и его коллеги в 1970-х годах показали, что переход 
от медленноволнового сна в REM/парадоксальный сон имеет постепенный, а не мгно-
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венный характер. Ими впервые была описана переходная стадия от медленноволнового сна 
в парадоксальный сон и его корковые и гиппокампальные ЭЭГ корреляты. Впервые, у 
кошек парадоксальный сон был подразделен на две стадии: эмоциональная, то есть 
преобладания тета-ритма гиппокампа, и неэмоциональная, снижения тета-ритма 
гиппокампа. Был разработан новый метод селективной нефармакологической депривации 
парадоксального сна и апробирован на здоровых и депрессивных добровольцах. 
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RADIATION EFFECT AND NEUROCHEMICAL CORRELATES OF 
WHITE AND BLACK RATS 

Marine Nikolaishvili,  Giorgi Iordanishvili,  Thea Museliani,  Khatuna Dondoladze,  
Gogi Jikia,  Alexander Tarkhnishvili,  Irakli Maisuradze  

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

The aim of this work was to study the dependence of the individual radiosensitivity of white 
and black rats, which were cross-bred and named Ratus Ratus-Georgia. Comparative 
radiosensitivity of white Wistar rats and black rats was studied under general irradiation in 
sublethal doses (5, 7 and 9 Gy). Radiosensitivity was determined by the cumulative functions 
of survival, the spectrum of changes in a number of ethological parameters, the content of 
serotonin and catecholamines in various brain structures. After irradiation at doses of 5, 7, 
and 9 Gy, the regression coefficients of the dependence of the type of survival functions on 
the radiation dose in black rats are significantly higher than in white rats. The change in the 
mortality rate per unit change in the radiation dose depends on the synthesis of serotonin 
and on the number of sulfhydryl groups, the deficiency of which is one of the important 
factors for white rats. The data obtained suggest that after the irradiation of rats in sublethal 
doses, the change in radiosensitivity is caused not only by the consequences of radiation 
injury, but also by the activation of the serotoninergic system during restitution after 
radiation injury. On the other hand, the higher radiosensitivity of white rats compared to 
black rats is associated with a low content of serotonin, thiols, melanin, and some other 
biologically active substances, which are endogenous radioprotectors that determine 
individual radio-resistance. 

Key words: white and black rats, biogenic amines, sulfhydryl groups, survival, open field 

The current global escalation of changes in behavior and radiosensitivity is associated 
with natural and anthropogenic changes in the environment and with general adaptation 
processes of a phenotypic nature. 

This problem is being actively studied at all levels of the organization of biological 
systems, including humanitarian and social aspects. It explains the great interest of 
natural and social scientists in the study of neurobiological and social determinants of 
behavior. 

Currently, the most reasonable is the so-called “Serotonin deficiency concept” of 
behavior manifestation. It can be provoked or stopped both by various specific phar-
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macological agents and by a variety of non-specific stressful effects associated with the 
modification of the activity of the serotoninergic system. Based on these general 
assumptions, one would expect that white and black rats would differ in radiosensitivity. 
This work is devoted to the experimental verification of this assumption in order to reveal 
the dependence of individual radiosensitivity and behavior. 

MATERIAL AND METHODS 

Experimental animals. The experiments were carried out on white rats, male Wistar rats 
and black rats weighing 250-270 g. The animals were bred and raised to the desired 
condition in the nursery of our Center and kept in the same conditions of care and free 
access to food and water. 

Criteria for assessing radiosensitivity. The radiosensitivity was assessed by quantitative 
analysis and comparison of the dynamics of their mortality and average life expectancy 
after irradiation at various doses. Ethological parameters determined by the so-called 
“open field” method and conditioned reflex tests of the so-called “active” and “passive” 
avoidance were used as behavioral comparison criteria. 

Neurochemical research. The total quantitative content of synaptic and extra synaptic 
noradrenaline (NA), dopamine (DF) and serotonin (5-HT) in the brain was determined by 
the method of highly sensitive liquid chromatography. 

Development of a conditioned passive avoidance reaction. The conditioned passive 
avoidance reaction (CPAR) was developed in rats using the method of W.B. Essman and 
H.P. Alpern [2]. The chamber in which the experiments were carried out consisted of two 
parts – light and dark, which were connected by a 5x6 cm hole. The development of the 
CPAR was carried out as follows. 

The rat was placed in the light chamber (12x20 cm), which, noticing the hole, immediately 
passed into a dark chamber, the floor of which was electrified. The rat received a one-
time electrical stimulus (30 V) that was delivered intermittently for 5 seconds. The 
development and retention of passive avoidance memory was checked after 20 minutes, 2 
hours, next day. If the animal did not pass from the light chamber to the dark one within 
one minute, then the production of passive avoidance reaction was considered preserved. 

Irradiation. The total irradiation of animals was carried out on a paired RUM-17 unit 
under the following conditions: voltage – 230 kV, current strength – 15 mA, filters – 0.5 
mm Cu + 1.0 mm Al, skin focus distance – 60 cm, power – 4.5 Gy/min, dose – 5.0, 7.0 
and 9.0 Gy. 

Data processing algorithms and statistical procedures. The whole complex of 
statistical analysis was carried out using standard and special programs implemented in 
the operating environments "MATLAB-6" and "STATISTICA-5". 
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RESULTS AND DISCUSSION 

In this series of experiments, 15 black and white rats were tested for each of the following 
doses: total irradiation in sublethal doses (5.0, 7.0 and 9.0 Gy). The experiments have 
shown that a one-time total irradiation at a dose of 5 Gy in white rats causes a decrease in 
the average life span, while black rats die on average within 90.2 ± 1.1 days after 
irradiation. The differences are statistically significant with a high probability. A similar 
picture is observed in the entire range (7 and 9 Gy) of doses used (Table 1). 

Table 1 

Total irradiation in sublethal doses of rats (5.0, 7.0 and 9.0 Gy) 

 
To clarify the neurochemical aspects of radiosensitivity in white and black rats, the 
quantitative distribution of NA and 5-HT, as well as the ratio between them in white and 
black rats, were studied. The experiments have shown that in white rats the amount of 5-
HT in the structures of the brain is statistically significantly less than in black ones. 

Numerous experimental data indicate that sulfhydryl groups of endogenous substances 
are involved in weakening the primary processes of radiation injury. It is also known that 
sulfhydryl groups are included in the active center of many enzymes, they are necessary 
to ensure normal permeability of cell membranes, play an important role in the redox 
processes of the cell, etc. Therefore, the distribution of non-protein and total sulfhydryl 
groups in the brain of white and black rats was studied. The experiments have shown that 
the content of non-protein and total sulfhydryl groups in the brain in white rats is lower 
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than in black ones. Statistical processing of the data obtained indicates the reliability of 
the differences noted (Table 3). 

Table 2 

Distribution of biogenic amines in the brain structures in white and black rats µg/g 

Biogenic 
amines 

The frontal part of 
hemisphere 

The parietal part of 
hemisphere Hippocampus 

W 
0.453 ± 0.01 

B 
0.488 ± 0.024

W 
0.368 ± 0.023

B 
0.377 ± 0.016

W 
0.648 ± 0.028 

B 
0.612 ± 0.032 Nor-

adrenaline 
∆Б-Ч +7.7%  ∆А-Б +2.4%  ∆А-Б -5.6%  

 0.405 ± 0.01 0.435 ± 0.011  0.520 ± 0.012 0.574 ± 0.021 0.878 ± 0.025  0.928 ± 0.029 
 Dopamine  ∆А-Б +7.4% 

Р < 0.05  ∆А-Б +10.4% 
Р < 0.05    

0.352 ± 0.01 
 

0.409 ± 0.01 
 

0.366 ± 0.019 0.454 ± 0.019 0.554 ± 0.031 0.704 ± 0.017 
Serotonin 

∆А-Б +17.9% 
Р < 0.001  ∆А-Б +19.4% 

Р < 0.001  ∆А-Б +21.3% 
Р < 0.001  
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Fig. 1. Distribution of biogenic amines in the brain structures in white and black rats, µg/g 
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Table 3 

Content of sulfhydryl groups µM / g tissue M ± m white and black rats (n = 30) 

 SH-groups White rats Black rats Average difference 

Non-protein 
sulf- 1.03 ± 0.123 1.70 ± 0.109 0.67 ± 0.161 p < 0.05 

Total sulf- 
hydrilic 33.00 ± 1.220 37.16 ± 1.440 4.16 ± 1.151 Р < 0.05 

1.03 1.70 0.67

33.00

37.16

4.16

0
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10

15

20

25

30

35

40

White Black Average difference
 

Fig. 2. Content of sulfhydrylic groups µM/g tissue, M±m in white and black rats (n=30) 

The development of a conditioned passive avoidance reaction in white and black rats was 
studied in the Essman and Alpern chamber. The experiments have shown that total 
irradiation at sublethal doses (5.0, 7.0 and 9.0 Gy) affects the formation and maintenance 
of passive avoidance in white rats, namely, it causes difficulties in animals and suppresses 
the development of a passive avoidance reaction in white rats, but does not affect black 
ones (CPAR observation – 3 months). 

Thus, the results of the study give the right to state that in white rats the metabolism of 
some endogenous radioprotective substances occurs differently than in black rats, and 
there are differences in the distribution of the content of biogenic amines (BA), and non-
protein and total sulfhydryl groups of the brain. Probably, these differences determine, at 
least, those mechanisms that ultimately determine the differences in radiosensitivity and 
in the behavior of CPAR in white and black rats. 

The following experiments, carried out in the “open field”, have shown that the general 
pattern, namely, the number of translocations in white rats is 2 times less than in black 
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rats (26.2 ± 15.4 and 60.29 ± 10.03, respectively), tentative research activity (9.14 ± 4.07 
and 15.08 ± 4.46, respectively); as well as emotional-motivational behaviors in the “open 
field” in white and black animals statistically significantly differ in the number of 
grooming (2.57 ± 1.82 and 4.25 ± 1.86 and in the percentage of this time from the total 
testing time (0.86 ± 0.73 and 6.17 ± 3.9) and by the number of urinations and boluses 
(0.42 ± 0.75 and 2 ± 0.85). This indicates that neuroanatomical structures and neuro-
chemical mechanisms are associated with the organization of the behavior of white and 
black rats. 

This is confirmed by the data of studies of the content, distribution and ratio of a number 
of biogenic amines in key neuroanatomical structures involved in the organization of 
behavior (Table 4) and in the distribution of thiols. 

Table 4 

Behavior of white and black rats in the “open field” 

Average and std. deviations 
# Parameters 

White rats Black rats 

Wilks’ 
lambda p-level <  

1 Locomotor activity (m) 26,2 ± 15,4 60,29 ± 10,03 0.20 0.00089 

2 Time of locomotor 
activity (s) 36,4 ± 16 71 ± 14,92 0.26 0.02 

3 Average time of 
locomotor activity 0,82 ± 0,07 0,85 ± 0,07 0.25 0.009 

4 Number of vertical 
standings 9,14 ± 4,07 15,08 ± 4,46 0.16 0.00005 

5 Time of vertical 
standings (s) 7.74 ± 6,86 10,8 ± 3,72 0.23 0.004 

6 Average time of 
vertical standings (s) 0,59 ± 0,21 0,8 ± 0,25 0.21 0.001 

7 Amount of grooming 2,21 ± 1,82 4.25 ± 1,86 0.24 0.007 

8 Time of grooming (s) 3,02 ± 3 22.721 ± 17.4 0.26 0.01 

9 Average time of 
grooming (s) 0,86 ± 0,73 6.17 ± 3.9 0.22 0.002 

10 Number of boluses  0,42 ± 0,75 2 ± 0,85 0.22 0.002 
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Fig. 3. Behavior of white and black rats in the “open field” 

DISCUSSION 

Summarizing the above, we can state that, contrary to the expected, white rats are more 
sensitive to radiation than black ones. This is most likely related to the general metabolic 
status of black rats. In white rats, the specific spectrum of the content and distribution of 
biogenic amines in various structures of the brain, thiols and other biologically active 
substances participating in the determination of individual radio-resistance is low, which 
affects the development of a conditioned passive avoidance reaction [1, 2, 9]. 

The revealed facts can, to a certain extent, be explained within the framework of the 
serotonin deficiency concept of the genesis of radiosensitivity and behavior. 
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TeTri da Savi virTagvebis dasxivebis efeqtebi da 

neiroqimiuri korelatebi 

marine nikolaiSvili,  giorgi iordaniSvili,  Tea museliani,  

xaTuna dondolaZe,  gogi jiqia,  aleqsandre TarxniSvili,  

irakli maisuraZe  

iv. beritaSvilis sax. eqsperimentuli biomedicinis centri, Tbilisi, 

saqarTvelo 

reziume 

Cveni kvlevis mizans warmoadgens TeTri da Savi virTagvebis individua-

luri radiomgrZnobelobis Seswavla. Savi virTagvebi miRebul iqna TeTri 

vistarisa da Savi virTagvebis Sejvarebis Sedegad da daerqva Ratus Ratus-
Georgia. Seswavlil iqna radiomgrZnobeloba TeTri vistaris virTagvebisa 

da Savi virTagvebis sxvadasxva dozebiT dasxivebis Sedegad (5, 7 da 9 

grei). radiomgrZnobeloba ganisazRvra gadarCenis kumulaciuri 

mniSvnelobiTa da rigi parametrebis cvlilebebis speqtriT, rogoricaa se-

rotoninisa da kateqolaminebis Semcveloba tvinis sxvadasxva struq-

turebSi. dasxivebis Sedegad dadginda, rom TeTri da Savi virTagvebis 

gadarCenis maCvenebeli dakavSirebuli iyo tvinis sxvadasxva struqturebSi 

biogenuri aminebis raodenobriv cvlilebebTan, aseve, erTi mxriv, lo-

komotoruli da saorientacio-saZiebo aqtiobis SemcirebasTan da 

emociurobis da stereotipuli aqtiobis zrdasTan. 5, 7 da 9 gr dozebiT 

dasxivebis Semdeg, Savi virTagvebis gadarCenis koeficienti sxvadasxva 

dozebiT dasxivebis Sedegad ufro maRali aRmoCnda, vidre TeTri vir-

Tagvebis, sikvdilianobis es cvlileba damokidebuli aRmoCnda sero-

toninis sinTezsa da sulfhidrilis jgufebis raodenobaze, romlis 

deficiti erT-erTi mniSvnelovani faqtoria TeTri virTagvebisTvis. mo-

povebuli monacemebis Tanaxmad, sxvadasxva dozebiT virTagvebis dasxivebis 

radiomgrZnobelobis gansxvavebuli Sedegi gamowveulia ara mxolod ra-

diaciuli dazianebis SedegebiT, aramed serotoninerguli sistemis gaaq-

tiurebiT Sav virTagvebSi sxivuri dazianebis Semdeg, meore mxriv, TeTri 

virTagvebis ufro maRali dasxivebis mgrZnobeloba Sav virTagvebTan 

SedarebiT dakavSirebulia serotoninis, Tiolebis, melaninis da sxva bio-

logiurad aqtiuri nivTierebebis dabal SemcvelobasTan, romlebic, 

rogorc cnobilia, warmoadgens endogenur radioproteqtorebs, romlebic 

gansazRvravs cocxal organizmSi individualur radiorezistentobas. 
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РАДИАЦИОННЫЙ ЭФФЕКТ И НЕЙРОХИМИЧЕСКИЕ КОРРЕЛЯТЫ 
БЕЛЫХ И ЧЕРНЫХ КРЫС 

Марина Николайшвили,  Георгий Иорданишвили,  Тея Муселиани,   
Хатуна Дондоладзе,  Гоги Джикия,  Александр Тархнишвили,   
Ираклий Майсурадзе 

Экспериментальный центр биомедицины им. И. Бериташвили, Тбилиси, Грузия 

РЕЗЮМЕ 

Целью работы являлось изучение зависимости индивидуальной радиочувствительности 
белых и черных крыс, которые были выведены от их скрещивания между собой и названы 
Ratus Ratus-Georgia. При общем облучении в сублетальных дозах (5, 7 и 9 Гр) была изучена 
сравнительная радиочувтвительность белых крыс линии Вистар и черных крыс. Радио-
чувтвительность определялась по кумулятивным функциям выживаемости, спектру изме-
нений ряда этологических параметров, содержанию серотонина и катехоламинов в раз-
личных структурах мозга. Выживаемость белых и черных крыс связана с изменениями 
содержания и распределения биогенных аминов в различных структурах мозга, а также с 
уменьшением локомоторной и ориентировочно-исследовательской активности, с одной 
стороны, и увеличением эмоциональности и стереотипной активности, с другой. После 
облучения в дозах 5, 7 и 9 Гр коэффициенты регрессии зависимости вида функций 
выживания от дозы облучения у черных крыс достоверно выше по сравнению с белыми 
крысами. Изменение интенсивности смертности на единицу изменения дозы облучения 
зависит от синтеза серотонина и от количества сульфгидрильных групп, дефицит которых 
является одним из важных факторов для белых крыс. Полученные данные позволяют 
предположить, что после облучения крыс в сублетальных дозах изменение радиочув-
ствительности обусловлено не только последствиями лучевого поражения, но и активацией 
серотонинэргической системы в процессе реституции после лучевой травмы. С другой 
стороны, более высокая радиочувствительность белых крыс, по сравнению с черными, 
сопряжена с низким содержанием серотонина, тиолов, меланина и некоторых других 
биологически активных веществ, которые являются эндогенными радиопротекторами, 
определяющими индивидуальную радиорезистентность. 
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To clarify the mechanism of radon`s action on antioxidative processes, future research is 
required, but based on the results of experiments received by means of a photometric 
analytical system FRAS-5, dedicated solely to the global assessment of oxidative stress in 
biological systems by enabling the measurement of pro-oxidant status in plasma samples by 
means of d-ROMs (reactive oxygen metabolites), fast test and of anti-oxidant status in 
plasma by means of PAF (Plasma Antioxidant Fragments) test, as well as measurement of 
OBRI (Oxidation Balance Risk Index) and OSI (Oxidation Index), we can conclude that the 
obtained results have shown that inhalation of Tskaltubo water develops a hormesis that 
causes the brain to changes in all named oxidative stress predictors. These predictors should 
be involved in the regulation of oxidative-degenerative processes, which are clinically 
manifested in the reduction of epileptic convulsions. Inhalation of Tskaltubo water may be 
considered as a method of treatment with anticonvulsant effect confirmed by experimental 
studies. 

Key words: Epilepsy, Krushinsky-Molodkina rats, Hormesis, Oxidative stress, dROM, PAF, 
OBRI, OSI. 

Radon is a radioactive element and therefore has radiant properties. Under the influence 
of radiation it is possible to change the vitality of the organism, so because of these 
characteristics, it is also used in medicine, for example: radiation therapy is used to 
prevent hypertension, age-related changes in the brain and to treat or prevent other 
diseases [16]. It is known that during radon spa therapy there is an increase in adrenaline 
in plasma [7, 12] and these properties are used in medicine. Nevertheless, radon in high 
concentration conditions can harm the body and cause irreversible changes [5, 6], for 
example, radon has been named the most common cause of lung cancer in non-smokers [22]. 

Resort Tskaltubo has long been used for improving health in various disorders. It is 
located on 70 km from Black Sea, altitude 90-120 meter from sea level, in western 
Georgia and is regarded as chloride-hydrocarbonate-sulfate-magnesium-calcium-sodium 
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water. It is characterized as stable and unchangeable by time. In the seventies of the XX 
century the important microelements such as iodine, bromine, magnesium, lithium, zinc, 
strontium and copper were detected in Tskaltubo mineral water. The analysis also showed 
that springs contain low concentration of radioactive radon (40 to 100 Becquerel (Bq)) 
that could be considered as one of the cause of healing effect [1, 8]. 

It should be noted that the action of radon, as well as other radioactive elements, is 
characterized by the activation of the phenomenon of Hormesis in the body, which is 
characterized by induction of biopositive responses, such as increases in immunity and 
antioxidants by low-dose radiation [19]. 

Nowadays, radon therapeutic spas are used for treating various inflammatory rheumatic 
diseases such as ankylosing spondylitis, chronic polyarthritis, fibromyalgia, scleroderma, 
rheumatoid arthritis, as well as in some neurological condition (chronic neuralgia) and 
respiratory diseases (bronchial asthma, chronic bronchitis) [23]. Radon therapy appears to 
aid in the recovery of the immune system. This is the case with bronchial asthma and 
even in the treatment of atopic asthma [11], where long-lasting effect on the immune 
system has been demonstrated. 

As radon has a positive effect on pain, the immune system, its analgesic, reparative-
regenerative, immunomodulative, stress-inductive action is used in medicine. Radon 
influences the concentration of amino acids and neurotransmitters involved in excitation 
and inhibition at the cellular level, as confirmed in our previous studies. Studies in 
aggressive rats have shown that short-term (7 days) inhalation of radon alters the 
concentration of amino acids involved in excitation and inhibition in the animal brain, 
namely a decrease in glutamic acid and GABA concentrations and a significant decrease 
in noradrenaline concentration [13]. 

These changes formed the basis for a change in the behavior of an aggressive animal, 
when, after inhaling radon, the aggressive animal lost its aggression (aggressive traits) 
and became non-aggressive. Based on the results of this study, we can assume that 
inhalation of radon may be an activator or inhibitor of the activity of some 
neurotransmitters acting on physiological processes. Accordingly, the present study 
makes it possible to shed light and clearly indicate the possible benefit of therapeutic use 
of radon on brain functioning. 

Radon Hormesis (R-Ho) could have a significant beneficial effect in patients with 
epilepsy that is one of the most common chronic neurological diseases. Epilepsy affects 
more than 50 million people in the world (1% of general population) [20] and more than 
35 000 persons with active epilepsy die in Georgia (8.8 per 1000) [10]. Epilepsy is more 
often revealed among children and in aging people. 

Epilepsy has numerous causes, each reflecting brain dysfunction, but the main symptom 
of the disease is recurrent epileptic seizures, caused by deterioration of inhibitory and 
excitatory balance in the brain cortex. 
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Despite the multitude of causes, the exact cause that leads to the development of epilepsy 
has finally been explored. Some forms of epilepsy are accompanied by an increase in 
arousal and some by a decrease in retention. 

Numerous experimental and clinical observations have shown that oxidative stress (OS) 
plays a major role in the development of epilepsy. The epileptic seizure itself is caused by 
OS and in the background of the hypermetabolic state has an intense production of 
reactive oxygen species (ROS) in the brain. 

The reason for this is a sharp change in energy metabolism. ROS and other markers of 
oxidative stress occur in the brain after epileptic seizures. These changes have been 
observed in animal models of epilepsy, as well as in patients with epilepsy. 

The most important result of the accumulation of ROS in epilepsy is the activation of 
excessive and uncontrolled lipid peroxidation (LPO) processes in the brain tissues. The 
intensification of LPO processes leads to changes in the structural organization of the 
membrane (phospholipid composition, microviscosity and ion permeability), as well as 
the rheological properties of the blood deteriorate as a result of peroxidation reactions. 

Based on all the above, we decided to study the effect of radon inhalation on oxidative 
stress, namely changes in oxidative markers, when animals were exposed to small doses 
of radon short-term (5 days) inhalation. 

MATERIAL AND METHODS 

Animals. for our experiment we used the Krushinsky-Molodkina (KM) line 24 month 
male rats. They predisposed to audiogenic epilepsy (seizures in response to a strong 
sound). Rapid (5-7 sec.) development of clonic-tonic seizures and the development of 
postictal catalepsy are characteristic of KM rats (Semiokhina A.F et al., 1996; 
Midzyanovskaya I.S., 2004). 

Epileptic seizures. For induction of epileptic seizures we used an audiogenic signal, 
before the study to which the experimental animal responded with cramps. In particular, 
the trigger caused the development of myoclonic seizures with “limbic” localization. 

Long-term (15 min.) exposure of KM rats to the action of sound according to a special 
scheme with alternating 10 s periods of strong and weak sound causes cerebral circulation 
disorders in them, externally manifested in the form of paresis and paralysis of the limbs 
(Feodorova I.B., 2005; Fadiukova O.E., 2013; Kapanadze A.P., 2013; Poletova 2017). On 
the 5th days assessment of epileptic seizure with trigger – sound in BK rats was 
performed. 

Radon measurement. In Tskaltubo spa center where natural mineral water is used, we 
measured radon`s radioactivity in water. The radioactivity of radon was 37 becquerel (bk) 
in 1 m3 (37 bk/m3). 
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Radon inhalations procedure. We placed 10 experimental animals (KM rats) in 
Tskaltubo mineral water spa`s sauna (experimental group). Mineral water temperature 
was 360C, humidity – 90%. Control group 10 KM rats were placed in another spa center`s 
sauna, where 360C mineral water (without radon) was delivered via inhalation. Humidity 
in this spa center`s experimental room was 90%. None (experimental and control group 
of rats) of the animals took a bath, they were just in two different saunas and living in the 
same conditions. Inhalation was taken through the nose, for 5 minutes, once a day, in 
conditions of high humidity (about 90%) during 5 days. After each procedure of 
inhalation, the rats were placed in a vivarium and given food and water. 

Laboratory examination. For study the physiological changes caused by inhalation of 
Tskaltubo water on oxidative level, which prevents the development of brain disorders 
associated with peroxidation reactions, we measured the free radicals concentrations (d-
ROM) – reactive oxygen metabolites in the blood plasma of rats, using a photometric test, 
measured the concentration of hydroperoxides (ROOH) in the brain tissue, which gives us 
a pro-oxidant status of the tissue. Hydroperoxides, also called Reactive Oxygen 
Metabolites (ROM), are formed during an oxidative attack when Reactive Oxygen 
Species (ROS) react with various organic substrates (e.g. carbohydrates, lipids, amino 
acids, proteins, nucleotides, etc.). 

To assess the antioxidant capacity of plasma, we used the PAT (Antioxidant Concentration 
Test) by measuring ferric reducing ability and to evaluate the effectiveness of antioxidants, we 
determined the OSI (Oxidative Stress Index) and the OBRI (Oxidation Balance Status). 

All named measurements were provided by means of Photometric Analytical System 
FRAS5 (H&D, Parma, Italy). 

RESULTS 

Epileptic seizure 

After completion of the inhalation course, the research and control group of experimental 
animals were examined on the 3rd and 5th days after completion of the inhalation course. 

On the 3rd and 5th days after low doses (37 3700 Bq/m3) Radon inhalation hidden period 
before seizures and pauses between seizures were significantly increased (p < 0.05) in 
radon exposure group, than in control. The latent period before radon inhalation was 
11 ± 1.1 s. On the 3rd and 5th days after inhalation, the latent period increased to 23 ± 2.1 
and 16 ± 1.4, respectively. 

Duration of the first and second wild jumpings after trigger was decreased in the radon 
inhalation group of rats (p < 0.05). In all groups, wild jogging started immediately after 
receiving the audio signal (call), but the first wild jogging duration was reduced from 
10 ± 1.1 sec. (control group) to 6 ± 0.7 on the third day after radon inhalation and even 
longer on the fifth days (3 ± 0.1 sec.). After receiving the audio signal the duration in 
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second wild jogging was reduced from 58 ± 1.7 seconds to 37 ± 1.3 on the third day after 
radon inhalation and 39 ± 1.1 seconds on the 5th day after inhalation. No generalized 
audiogenic tonic-clonic seizures were not observed in the radon inhalation group on the 
day 3, whereas the duration of seizures in the control group was 78 ± 1.9 seconds, while 
on the 5th day after inhalation it was 52 ± 1.3 seconds. 

Table 1 

The effect of radon inhalation on the epileptic seizure in rats 

 
Hidden 
period 
(sec.) 

The first wild 
jogging 

duration (sec.) 

Pause 
(min.) 

The duration of 
the second wild 
jogging (sec.) 

Duration of 
tonic-clonic 

seizures (sec.) 

Before exposure 
to radon 
(p < 0.05) 

11 ± 1.1 10 ± 1.1 5 ± 0.3 58 ± 1.7 78 ± 1.9 

3 days after 
radon exposure 
(p < 0.05) 

23 ± 2.1 6 ± 0.7 11 ± 1.1 37 ± 1.3 0 

5 days after 
radon exposure 
(p < 0.05) 

16 ± 1.4 3 ± 0.1 32 ± 2.2 39 ± 1.1 52 ± 1.3 

 
Fig. 1. The effect of radon inhalation on the epileptic seizure in rats 
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As can be seen from the table, the effect of radon causes an increase in the latent period 
on days 3 and 5 after inhalation. The duration of the first wild jog was reduced by 
epilepsy in rats on the third day after exposure to radon (6 ± 0.7 sec.), but the decrease in 
this parameter became even more noticeable on day 5 (3 ± 0.1 sec.), which was also 
statistically significant (p < 0.05). 

As for the duration of the second wild jog, on the third day was 37 seconds and on the 
fifth day – 39 seconds. No changes in the data of the control group of rats were observed. 
There was also no generalized audiogenic tonic-clonic seizure in the radon inhalation 
group on day 3 and it was equal to 0, while on day 5 it was to the control (78 ± 1.9 
seconds) was reduced to 52 ± 1.3 seconds, which is statistically significant (p < 0.05). 

Oxidative stress 

Table 2 

Oxidative stress in epileptic rats 

Epileptic 
rats 

D-ROMs FAST 
Ucarr. PAT OBRI OSI 

REDOX 

Control 
 

521 ± 3.67 
Free 

radicals, 
very high 

2763 ± 5.85 
Antioxidants: 

there is a 
deficit 

1.950 ± 0.3 
Oxidative status is at 
a dangerous level in 

relation to cholesterol 

142 ± 2.3 
Oxidative status 
index is on the 
critical edge 

Experiment 
 

381 ± 2.95 
Is average 
(p < 0.05). 

2091 ± 3.95 
Average level 

1,6 ± 0.2 
High 

111 ± 2.3 
The body is on alert 

to protect itself 

From the data presented in Table 2, we can see the following: study of dROM in 
genetically epileptic Krushinsky-Molodkina rats before exposure to radon show very high 
oxidation status (521 ± 3.67), and on the 5th day after exposure to radon the level of 
oxidative stress is 381 ± 2.95, which is statistically significant (p < 0.05). 

The hematological concentration of antioxidants (PAF plasma with antioxidant 
fragments) was at the edge before being taken to Tskaltubo in epileptic rats (2091 ± 3.95), 
and as a result of inhalation of radon became (2763 ± 5.85) – statistically it is reliable 
(p < 0.05). OBRI (Oxidation Balance Risk Index): if before radon inhalation it was 
1.95 ± 0.3 – dangerously high for the organism, after inhalation it was recorded as high, 
but these data were not dangerous for the organism (1.6 ± 0.2). 

The difference between them is statistically significant, as well (p < 0.05). OSI – The 
correlation of total oxidative status with the total antioxidant status used to determine the 
Global Redox status index in epileptic rats was 142 ± 2.3 before radon inhalation, above 
the critical situation, and after inhalation it was halved to 111 ± 2.3. From the above 
mentioned we can conclude that a positive result was obtained when inhaling radon. 
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Fig. 2. Oxidative stress in epileptic rats 

DISCUSSION 

Numerous experimental studies have been provided in animal models to prove the 
positive effect of radioactive radon on various disorders. In recent previous experimental 
studies, they were performed in rabbits to investigate the curative effects of radon 
hormesis, the changes in lipid peroxide levels, the oxidative stress’s formative Nitric 
Oxide (NO) and the indicators of membrane conductivity of different organs were 
performed [21]. The data of these studies indicate that the effect of radon hormesis (R-
Ho) happens by the activation of NO and formation of hydrogen peroxide (H2O2) that 
activate excessive NO production in microphages under the effect of interferon gamma 
and beta (INF-γβ) [9]. As a result, the increased production of NO activates peripheral 
microcirculation and central hemodynamic. In this respect NO can be considered as an 
autocrinic homeostatic modulator, as well. 

It is established that macrophage-killers are the important sources of NO. By NO 
activation they suppress DNA synthesis of tumor cells and suppression of new tumor 
cells, anti-inflammatory, desensibility and sedative mechanisms. NO effects on activation 
of DOFA, DOFA-cines and DOFA-amino formation in blood; it is involved in regulation 
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of the Na+, K+ and Ca++ ion changes, and play one of the main roles in suppression of 
specific autoimmune and in activation of non-specific immune systems of the body. 

In our case the reduction in oxidative stress is seen as early as on the 5th day after 
exposure to radon inhalation due to NO activation, NO can be considered as an important 
neurotransmitter that can participate in synaptic transmission as classical from 
presynaptic to postsynaptic neuron [4] and retrograde, also indirectly by acting on glial 
cells or surrounding neurons. NO protects the brain from ischemic and neurotoxic stroke, 
controls the oscillatory activity of neurons [17], nitric oxide synthesis is often considered 
as a protective mechanism against the cytotoxic action of phagocytes, since NO inhibits 
the activation of the neutrophil [14] and NADPH oxidase activity, reduces xanthine 
oxidase activity, decreases AFK products [18]. At the same time, it should be noted that 
NO is involved in the development of the inflammatory process and its effect on the 
functional state of phagocytes can be modulated and changed over time. Therefore, the 
protective or cytotoxic action of NO is also characteristic of certain cells and tissues. 

Experimental models of epilepsy show that increased oxidative stress (increased 
oxidation of lipids and proteins) is accompanied by the development of seizures [2]. 
Focal or first generalized epileptic activity in animals is followed by activation of LPO in 
the field of hyperactivity. At the same time, elevated LPO levels were observed in the 
blood of animals. The introduction of antioxidants into animals slowed the development 
of epilepsy and reduced its intensity. In vitro experiments have shown that anticon-
vulsants can inhibit LPO in the brain membrane. The most pronounced changes in LPO 
product content are experienced by patients with prolonged epilepsy, generalized 
seizures, and profound personality changes. 

M.K. Pandey et al. conducted studies (2012), in which they showed that MDA levels 
were significantly higher in the group of patients with epilepsy, who had symptoms of 
mental disorders associated with the disease (psychosis and depression) [15]. The study 
determines the content of malonic dialdehyde (MDA), which is one of the final products 
of LPO. Thus, the severity of oxidative stress was significantly higher in patients with 
epilepsy, who had mental disorders associated with this disease. 

During seizures, there is an increase in the oxidation of free radicals, which, in turn, is 
accompanied by a decrease in the activity of the brain's antioxidant defense system: both 
enzymatic and non-enzymatic parts. High levels of LPO and decreased activity in major 
antioxidant enzymes – SOD and GPO – have been identified in the blood of patients with 
various forms of epilepsy [24]. 

Studies by E. Ben-Menachem (2003) have shown that erythrocyte SOD1 activity is 
significantly lower in patients with progressive myoclonic epilepsy than in healthy 
individuals. Decreased SOD1 activity also occurs in the cerebrospinal fluid of patients 
with epilepsy, especially in the disease-resistant group compared with patients with 
curable forms of epilepsy and in the control group of healthy individuals. The authors 
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believe that decreased SOD1 activity is associated with recurrent seizures, and that SOD1 
deficiency in cerebrospinal fluid may be a predictor of drug-resistant epilepsy [3]. 

In addition to the above, the convulsive state is characterized by anomalous Na+ and K+ 
metabolism. The accumulation of ammonia also occurs at this time, which is associated 
with the intensification of deamination reactions; all of this leads to depolarization of cell 
membrane shells, lowering of the excitability threshold, and a new series of seizures. In 
the first minutes of seizures, neurotransmitters are released, accompanied by a change in 
the level of secondary messengers, which is reflected in the activity of metabotropic receptors. 
Activation of adrenoceptors even causes an increase in cyclic adenosine monophosphate. 

Excretion of excitatory amino acids (mainly glutamate) is known to increase during 
seizures. At this time, neuronal activity and intracellular calcium levels increase, which is 
associated with the formation of ROS. Disruption of calcium metabolism is associated 
with a sharp increase in cell cytosol and leads to the activation of Ca++-dependent 
enzymes. The formation of ROS is accompanied by the synthesis of prostaglandins from 
arachidonic acid. This, in turn, enhances free radical reactions that ultimately lead to 
membrane destruction. 

Thus, numerous experimental data and individual clinical observations indicate the 
pathogenic role of OS in epilepsy, which is associated with disruption of the structural, 
hematoencephalic barrier integrity of the cell membrane of neurons, oxidative destruction 
of nucleic acids and radon exposure regulates oxidative stress, the clinical manifestation 
of which may be expressed by a reduction in epileptic seizures, and which has also 
occurred in the results of our study. 

According to our research, the use of radon inhalation in experimental animals, 
particularly in genetically determined rats with epileptic seizures, altered all parameters 
of the epileptic seizure development picture, namely the hidden period, the first and 
second wild jog duration after the audiogenic signal. On the third day, no response to the 
audiogenic signal was observed at all, and not even a single episode of tonic-clonic 
seizures. All mentioned suggests that radon inhalation could be used to treat epilepsy. 

According to the International Classification of Epileptic Seizures, we are talking about 
focal seizures and in our experiment, the effectiveness of Tskaltubo water has been con-
firmed in the case of focal epileptic seizures. As for generalized epilepsy, the impact of 
radon hormone on these types of seizures is still unclear, which requires additional 
scientific studies. 

The impact of radon inhalation on seizures of brainstem epilepsy models is particularly 
important because mechanisms of prolonged bilateral (formerly generalized) seizures in 
humans are considered to be erased/included in brainstem structures. 

The presented study is the first precedent of attempt R-Ho through inhalation for 
treatment of epileptic seizures in animal models with further translation to clinical study 
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in humans through pilot phase II study. More profound and scientifically systematized 
approach is needed to determine uniqueness of Tskaltubo water springs, investigation the 
mechanisms of radon effects on the excitatory and inhibitory functioning of CNS and 
further clinical studies to establish its effectiveness on humans. 

CONCLUSION 

To clarify the mechanism of radon`s action on antioxidative processes, future research is 
required, but based on the results of the experiment we can conclude that: 

The studies in experimental animals have shown that inhalation of Tskaltubo water 
develops a hormesis that regulates oxidative processes in the brain by activating 
antioxidants, which is reflected in the reduction of existing epileptic convulsions. 

Inhalation of Tskaltubo water may be considered as a method of treatment with 
anticonvulsant effect confirmed by experimental studies. 
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radonis roli oqsidaciuri stresis prediqtorebis 

koncentraciis cvlaSi, romelebic CarTulia  

epilefsiis paTogenezSi 

marine nikolaiSvili,  zaqaria nanobaSvili,  irine bilaniSvili,  

lena davlianiZe,  lali gumberiZe,  nino sixaruliZe,   

marina devdariani,  marina nebieriZe,  ia qvaCakiZe,  Tea museliani,  

gogi jiqia,  xaTuna dondolaZe,  nodar miTagvaria 

iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi, saqarTvelo 

reziume 

antioqsidantur procesebze radonis moqmedebis meqanizmis gasarkvevad 

aucilebelia Semdgomi kvlevebi. eqsperimentebis Sedegebze dayrdnobiT, 

romlebic miRebul iqna fotometriuli analitikuri sistemis FRAS-5 sa-
SualebiT, romelic gamoiyeneba mxolod biologiur sistemebSi, Seswav-

lil iqna oqsidaciuri stresis maCveneblebi: antioqsidanturi statusi 

(PAT), d-ROM (reaqtiuli Jangbadis metabolitebis indeqsi), agreTve OBRI 
(daJangvis balansis riskis indeqsi) da OSI (daJangvis indeqsi). miRebuli 

Sedegebidan gamomdinare, SegviZlia davaskvnaT, rom wyaltubos wylis 

inhalaciiT viTardeba hormezisis fenomeni, romelic iwvevs Tavis tvinSi 

yvela zemoT CamoTvlili oqsidaciuri stresis prediqtorebis cvli-

lebebs. es prediqtorebi unda monawileobdes oqsidaciur-degeneraciuli 

procesebis regulirebaSi, rac klinikurad vlindeba epilefsiuri 

krunCxvebis SemcirebiT. wyaltubos wylis inhalacia SeiZleba CaiTvalos 

krunCxviTi efeqtebis moxsnis mkurnalobis erT-erT meTodad, rac dastur-

deba Cveni eqsperimentuli kvlevebiT. 
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РОЛЬ РАДОНА В ИЗМЕНЕНИИ КОНЦЕНТРАЦИИ ПРЕДИКТОРОВ 
ОКСИДАТИВНОГО СТРЕССА, УЧАСТВУЮЩИХ 
В ПАТОГЕНЕЗЕ ЭПИЛЕПСИИ 

Марина Николайшвили,  Захарий Нанобашвили,  Ирина Биланишвили,   
Лена Давлианидзе,  Лали Гумберидзе,  Нино Сихарулидзе,   
Марина Девдариани,  Марина Небиеридзе,  Ия Квачакидзе,   
Тея Муселиани,  Гоги Джикия,  Хатуна Дондоладзе,  Нодар Митагвария 

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

РЕЗЮМЕ 

Для выяснения механизма действия радона на антиоксидантные процессы необходимы 
дальнейшие исследования. На основе результатов экспериментов, полученных с помощью 
фотометрической аналитической системы FRAS-5, предназначенной исключительно для 
глобальной оценки окислительного стресса в биологических системах с помощью 
обеспечения возможности измерения прооксидантного статуса в образцах плазмы с 
помощью d-ROM (реактивных метаболитов кислорода), быстрого теста и определения 
антиоксидантного статуса в плазме с помощью теста PAF (плазменные антиоксидантные 
фрагменты), а также измерения OBRI (Индекс риска окислительного баланса) и OSI 
(Индекс окисления), мы можем сделать вывод: полученные результаты показали, что 
ингаляция воды Цхалтубо активирует гормезис, который вызывает в мозге изменения всех 
названных предикторов окислительного стресса. Эти предикторы должны участвовать в 
регуляции окислительно-дегенеративных процессов, которые клинически проявляются в 
уменьшении эпилептических судорог. Ингаляция воды Цхалтубо можно рассматривать как 
метод лечения с противосудорожным действием, подтвержденным экспериментальными 
исследованиями. 
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AGE ASPECTS OF THE COMPENSATION MECHANISMS OF  
A VISUAL SYSTEM 

Khatuna Rusadze*,  David Janelidze**,  Manana Khomeriki**,   
Natela Lomashvili**,  Reniko Sakandelidze*,  Archil Kezeli** 

* A. Tsereteli State University, Faculty of Exact and Natural Sciences, Department of 
Biology, Laboratory of Psychophysiology, Kutaisi, Georgia;  ** Laboratory of Vision 
Physiology, I. Beritashvili Centre for Experimental Biomedicine, Tbilisi, Georgia 

In accordance to the analysis of variable parameters of input light stream, the chief task of 
the visual system is to create a visual image of the external word and its individual object. 
One of the principal identifying cues of the object is its color. The purpose of our exploration 
was to ascertain whether the color constancy mechanisms (CCM) efficiency alter alongside 
with the age. We conducted two series of experiments. In the first series we used our earlier 
finding that the color constancy mechanisms are involved in McCullough effect (MCE) 
induction, while in the second one the study was purposed of color vision characteristics in 
cataract patients prior to and after surgery. After surgery, when an artificial lens is 
implanted, the system needs to be recalibrated for correction of input changed spectral 
characteristics. In post operation period, within 3 to 6 months period a full compensation of 
changes occurs. 

Key words: McCollough effect, color constancy, cataract 

Based on the analysis of variable parameters of input light stream, the chief task of the 
visual system is to create a visual image of the external word and of its individual objects, 
as well. A visual act proceeding under natural conditions is a dynamic process going on 
under permanently variable conditions: changes occurring in the distance to an object, in 
angles of observation, in spatial orientation of the object, energetic and spectral 
characteristics of a light source and in many others. It is clear that a visual function loses 
its biological sense, if it fails to provide stable identification of an object under diverse 
conditions of observation. 

The information delivered from the retina in most cases is equivocal, incomplete, or, vice 
versa, excessive that requires its complex multilevel analyses, on the bases of which a 
stable visual image of the object to be perceived must be formed. The hypothetical 
mechanisms, subserving the realization of this task is called visual perception constancy 
mechanisms. Among them a special place is held by those responsible for a steady 
recognition of objects color. 
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One of the principal identifying cues of an object is its color. Physically color is 
determined by spectral composition of the light reflected from the surface, which does 
alter when the spectrum of the light source reflection changes. 

Respectively, it is expected to change, in this case, the object color, but the color 
subjective perception does not change even under rather extensive spectral change of 
light source. This phenomenon is referred to as color perception constancy, while its 
realization mechanisms are called color constancy mechanisms (CCM). 

It is for many years that the investigators are engaged in CCM studies and as a result, 
many important facts have been accumulated [3, 9]. But recently an interesting novel task 
emerged. The thing is that as a result of civilization in general and of medical science, in 
particular a medium age of mankind has tangibly increased. But the information we 
posses as to how “senescent brain” works appear rather poor. 

Thus, it is particularly interesting to pursue the study of one of the most complex task, i.e. 
aging aspects of vision function [7, 8]. 

The purpose of our exploration was to ascertain whether the CCM efficiency alters 
alongside with the age. The task is complicated with a fact that, as a rule, together with 
the age also color vision characteristics change that must be borne in mind. We conducted 
two series of experiments. 

In the first one we used our earlier finding that the CCM mechanisms are involved in 
McCollough effect (MCE) induction [5, 6], while in the second one the study was 
pursued of color vision characteristics in cataract patients prior to and after surgery [2, 4]. 

MATERIAL AND METHODS 

First series of experiments 

In this series 27 subjects of both sex – 15 women and 12 men were participated. They 
were divided into 2 age groups: 20-40 years old (young) and above 60 (old). 

McCullough effect (MCE) was induced in both groups of experimental subjects under 
conditions of standard adaptation procedures: the subject sat in a darkened room in front 
of the computer screen. Red-black and green-black square-wave gratings of opposite 
(horizontal and vertical) orientation were one by one presented to him/her (Fig.1 A, B). 
The development of the effect was tested using a combined black and white grating 
(Fig.1C). To evaluate the effectiveness of the effect, 3 parameters: number of presentation, 
effect strength (saturation of phantom colors on a scale from 0 to 10) and duration of the 
effect were fixed. 
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Fig. 1. A – Red-black (horizontal) and B – green-black (vertical) gratings for adaptation. C – 
combined black-white gratings for testing of effect 

The second series of experiments In this series 7 women and 5 men over 60 years selected from the patients of 
ophthalmologic clinic diagnosed with cataract were participated, in whom color 
discrimination ability was maintained. Thereafter, in each one color vision was tested 
using Farnsworth-Munsell 15 Hue test. Measurements were made first prior to and then 
after the 3 and 6 months the surgery. 

RESULTS AND DISCUSSION 

In the first series of experiments we sought to determine whether efficiency of the 
mechanisms responsible for vision perception stability was age-related. If CCM 
efficiency changes, this somehow must be reflected on those phenomena, in the formation 
of which the given mechanisms are also involved. We think that MCE belongs to the 
number of just such phenomena. 

In the case of MCE alteration of constancy the mechanisms efficiency may be manifested 
in quantitative indices – complexity of effect induction, changes in its strength and how 
long the aftereffect lasts. All the tree parameters are known to be absolutely individual 
and involve rather a large range, but treatment of different lines of evidence did not show 
any statistically valid difference between the groups of young and elderly experimental 
subjects (Table 1). 

Proceeding from this, the conclusion can be made that in the case of this concrete task no 
signs of age dependence of compensatory mechanisms were seen. 

In the second series, observation was made on the process when the activation of 
constancy mechanisms takes two stages. As is known, in the process of cataract formation 
the eye lens gradually loses its transparence and color that would cause “browning” of the 
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visual world, though at this stage color vision characterizing parameters remain 
unchanged rather a long time. The reason for this is the CCM activity which subserves 
compensation and correction of changes within extensive ranges. At this stage the system 
is generating basic compensatory shifts and fixation of changes occurs. 

Table 1 

Characteristics of MCE elaboration process 

Age groups Mean number 
of presentations 

Duration of 
aftereffect (mean) 

Saturation of phantom colors 
on a scale from 0 to 10 (mean) 

20-40  22 8 days  5.6 

Above 60  25 6 days  4.9  

After surgery, when an artificial lens is implanted, the system needs to be recalibrated for 
correction of input changed spectral characteristics. With the monitoring purpose this 
process, the color vision testing prior to and after surgery has shown that in post operation 
period, within 3 to 6 months period full compensation of changes occurs. This fact 
indicates that the compensatory mechanisms’ activity does not lose its efficiency in 
relation to age. The fact, that it takes about 6 months to fully compensate for changes, 
indicates that compensation mechanisms take time to recalibrate the color system, and the 
activity of the mechanisms of constancy does not change with age. 

 
Fig. 2. 4 examples of results of F-M 15 test before (top row) and after surgery (bottom row). M – 
male, F- female. Then – age and month after surgery. 

Thus, the data obtained in the two series of our experiments clearly indicate that the 
central mechanisms of the visual system remain active in old age as well and the vision 
system’s compensatory mechanisms are not likely to undergo age-related changes. 
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mxedvelobis sistemis sakompensacio meqanizmebis 

asakobrivi aspeqtebi 

xaTuna rusaZe*,  daviT janeliZe**,  manana xomeriki**,   

naTela lomaSvili**,  reniko sakandeliZe*,  arCil kezeli** 

* a. wereTlis saxelmwifo universiteti, zust da sabunebismetyvelo 
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** i. beritaSvilis eqsperimentuli biomedicinis centri, mxedvelobis 

fiziologiis laboratoria, Tbilisi saqarTvelo 

reziume 

mxedvelobis sistemis ZiriTadi amocanaa sistemis Sesavalze moxvedrili 

sinaTlis nakadis cvladi parametrebis analizis safuZvelze Seqmnas 

rogorc mTlianad garemomcveli samyaros, ise misi calkeuli obieqtebis 

mxedvelobiTi xati. obieqtis saidentifikacio, erT-erT ZiriTad maxa-

siaTebels warmoadgens misi feri. Cveni kvlevis mizani iyo gagverkvia, 

icvleba Tu ara asakTan erTad ferTa konstanturi aRqmis (fka) efeq-

turoba. am mizniT CavatareT eqsperimentebis ori seria. pirvelSi gamo-

viyeneT Cven mier adre naCvenebi faqti, rom fka-is meqanizmebi monawileobs 

mak-kolafis efeqtis gamomuSavebaSi. meore seriaSi SeviswavleT feradi 

mxedvelobis maxasiaTeblebi kataraqtis mqone asakovan pacientebSi ope-

raciamde da operaciis Semdeg. 

aRmoCnda, rom kataraqtis operaciis dros xelovnuri brolis implan-

taciis Semdeg xdeba mxedvelobis sistemis rekalibracia, raTa moxdes 

Sesavlis Secvlili speqtruli maxasiaTeblebis koreqcia. postoperaciuli 

3-6 Tviani periodis ganmavlobaSi xdeba cvlilebaTa sruli kompensacia. 

Cvenma eqsperimentebma aCvena, rom asakTan erTad sakompensacio meqanizmebis 

aqtioba efeqturobas ar kargavs. 
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РЕЗЮМЕ 

Основной задачей зрительной системы является создание образа как окружающей среды в 
целом, так и ее одиночных объектов, на основе анализа параметров светового потока 
попадающего на вход системы. Одной из основных характеристик, пригодных для иден-
тификации объекта, является его цвет. В наших исследованиях мы старались выяснить, 
меняется ли эффективность механизмов константности цветовосприятия (КЦ) с возрастом. 
С этой целью были проведены две серии экспериментов. В первой использовали ранее 
показнный нами факт, что в выработке эффекта Мак-Коллаф участвуют механизмы КЦ. Во 
второй серии исследований мы изучали характеристики цветового зрения у пациентов с 
катарактой до и после операции. 

Выяснилось, что после имплантации исскуственного хрусталика происходит рекалибрация 
зрительной системы, обеспечивающая коррекцию изменившихся спектральных характе-
ристик на входе. 

В течение 3-6-месячного постоперационного периода имеет место полная компенсация 
изменений. Наши эксперименты показали, что с возрастом активность компенсационных 
механизмов не теряет эффективности. 
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gare statikuri magnituri velis gavlena rkinis 

nanonawilakebTan dakavSirebuli qvercetinis 

efeqtebze laboratoriuli virTagvebis hipokampSi 

mariam qurasbediani,  gia quTelia,  manana Ciqovani,  

buciko CxartiSvili,  roza bukia,  besarion farcvania,  

nanuli doreuli 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, 

zusti da sabunebismetyvelo mecnierebaTa fakulteti 

medicinaSi gamoyenebul bunebriv naerTebs Soris qvercetins mniSvnelovani 

adgili ukavia. tvinze misi moqmedeba wyalSi cudi xsnadobisa da cudi 

bioSeRwevadobis gamo SezRudulia. nanoteqnologiaze dafuZnebul wa-

malTa miwodebis sistemebi warmoadgens axal midgomas nivTierebaTa 

bioSeRwevadobis gazrdis mizniT. magnituri nanonawilakebi (mnn) farTod 

gamoiyeneba, rogorc wamalTa nanogadamtanebi, maTi transporti ki or-

ganizmSi SesaZloa magnituri veliT iyos marTuli. 

kvlevis mizans warmoadgenda sistemurad Seyvanili mnn-dakavSirebuli 

qvercetinis (q-mnn) eleqtrofiziologiuri efeqtebis gansazRvra hipokampis 

CA1 velSi da aRniSnul efeqtebze gare statikuri magnituri velis (gsmv) 

eqspoziciis gavlenis Sefaseba. 

kvlevis obieqtebad gamoyenebuli iyo veluri xazis TeTri laborato-

riuli virTagvebi. ketaminiT anesTezirebuli virTagvebis hipokampis CA1 
velSi stereotaqsulad inergeboda metalis eleqtrodebi (koordinatebi: 

AP – 3.8, L – 2.8, H – 2.8 mm) [12]. neironuli aqtiobis stabilizaciis Semdeg 

aRiricxeboda 60 wT-iani fonuri aqtioba 10 wT-iani intervalebiT. Semdeg, 

cdis seriidan gamomdinare, vaxdendiT kudis venaSi fiziologiuri 

xsnaris an q-mnn-is inieqcias (qvercetini – 25 mg/kg. erT molekula rkinis 

nanonawilakze gaTvlili iyo qvercetinis 100 molekula). nivTierebaTa 

inieqcia xorcieldeboda unilateralurad gsmv-is (1 Tesla) temporaluri 

wilis proeqciaze 30 wT-iani eqspoziciis Semdeg, romlis wardgena grZel-

deboda inieqciis dasrulebidan kidev 30 wT-is ganmavlobaSi. cdebSi 

gamoviyeneT 30 nm-is diametris mqone mnn (Sigma, N747408) da qvercetini 

(Sigma, Q4951). gsmv-is gavleniT tvinis struqturebSi mnn-is gadaadgilebis 

Sesafaseblad Catarda morfologiuri eqsperimentebi. eleqtrofizio-



 

 

 

 

324 

logiuri monacemebis registracia/analizisTvis gamoviyeneT kompiuteruli 

programa Chart 5.5. monacemebi statistikurad damuSavda programiT 

PRIZMA. 

eqsperimentebma aCvena, rom q-mnn-is efeqtebi hipokampis CA1 velSi 

Semakavebelia: iwvevs neironuli aqtiobis amplitudis Semcirebas gsmv-is 

eqspoziciisas, gsmv-is gareSe ki q-mnn-is igive doza araefeqturia. mor-

fologiurma kvlevam aCvena, rom rkinaSemcveli CanarTebis raodenoba mag-

nituri velis eqspoziciis mxares statistikurad sarwmunodaa gazrdili 

kontralateralur mxaresTan SedarebiT. 

SeiZleba davaskvnaT, rom gsmv iwvevs q-mnn-is efeqtur gadaadgilebas 

magnituri velis eqspoziciis lokusisken, zrdis qvercetinis koncentra-

cias eqspoziciis lokusSi da iwvevs neironuli aqtiobis Sekavebas. 

sakvanZo sityvebi: qvercetini, nanonawilaki, magnituri veli, hipokampi 

medicinaSi gamoyenebul bunebriv naerTebs Soris, romelebic sxva-

dasxva tipis nevrologiuri darRvevebis mkurnalobas reaqtiuli 

Jangbadisa da anTebiTi procesebis modulaciis gziT axdens, qver-

cetins mniSvnelovani adgili ukavia [5]. qvercetini xilsa da 

bostneulSi yvelaze uxvad warmodgenili flavonoidia. kargadaa 

cnobili misi farmakologiuri aqtiobis farTo speqtri antiiSe-

miur, antioqsidantur da neiroproteqtorul moqmedebasTan erTad 

[6]. qvercetini avlens antiapoftozur Tvisebebs sxvadasxva nevro-

logiuri darRvevebis mkurnalobisas [2, 4, 6, 7, 14]. miuxedavad 

mravali biologiuri efeqtisa, qvercetinis moqmedeba centralur 

nervul sistemaze SezRudulia misi wyalSi cudi xsnadobisa da 

cudi bioSeRwevadobis gamo [1, 3, 11]. qvercetini cudad gadis hema-

toencefalur bariers, amitom SemuSavebulia garkveuli strategia 

am problemis dasaZlevad da qvercetinis Tavis tvinze zemoqmedebis 

efeqturobis gasazrdelad [1, 8]. nanoteqnologiaze dafuZnebuli 

nivTierebaTa miwodebis sistemebi warmoadgens axal efeqtur da ime-

dismomcem midgomas nivTierebaTa bioSeRwevadobis gazrdis mizniT. 

ufro metic, nanoteqnologiam SesaZlebeli gaxada moxdes nivTie-

rebaTa mimarTuli gadaadgileba da Senelebuli gamoTavisufleba 

Sesabamis qsovilebSi. naCvenebia, rom qvercetinis nanokafsulire-

buli forma mniSvnelovnad amcirebs cerebraluri iSemiiT gamo-

wveul oqsidaciur stress modelur cxovelebSi da xels uwyobs 

neironTa gadarCenas hipokampur formaciaSi [8]. aseve naCvenebia, rom 

qvercetin-dakavSirebuli mukoadheziuri nanoemulsiis intranaza-

luri miwodeba zrdis qvercetinis bioSeRwevadobas da aadvilebs 

mis hematoencefalur barierSi ganvladobas [1]. nanonawilakebi 

zogadad ganixileba, rogorc aratoqsikuri, biodegradirebadi da 

araimunogenuri agentebi [9]. nanonawilakebs Soris magnituri nano-

nawilakebi (mnn) farTod gamoiyeneba, rogorc wamalTa nanogadam-
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tanebi kontrastuli magnitur-rezonansuli imijingisTvis da loka-

luri hiperTermiis misaRebad. amasTanave, magnituri nanonawilakis 

transporti organizmSi SesaZloa marTuli iyos magnituri velis 

eqspoziciiT [10, 15]. 

kvlevis mizans warmoadgenda gare statikuri magnituri velis (gsmv) 

gavlenis Sefaseba magnitur nanonawilakebTan dakavSirebuli qver-

cetinis (q-mnn) efeqtebze laboratoriuli virTagvebis hipokampSi. 

masala da meTodebi 

kvlevis obieqtebad gamoyenebuli iyo veluri xazis TeTri labo-

ratoriuli virTagvebi (orive sqesis, woniT 180-200 g). In vivo eleq-

trofiziologiuri eqsperimentebi ganxorcielda virTagvebis 2 

jgufze: 1. sakontrolo virTagvebi, romelTa kudis venaSi Segvyavda 

fiziologiuri xsnari da 2. virTagvebi q-mnn-is inieqciiT. cdebis 

sxvadasxva seriebSi sul SeviswavleT 18 cxoveli. ketaminiT anesTe-

zirebuli virTagvebis marjvena/marcxena hipokampis CA1 velSi 

stereotaqsulad inergeboda metalis (konstantani) tripolaruli 

eleqtrodebi Semdegi koordinatebis mixedviT: AP – 3.8, L – 2.8, H – 2.8 
mm [12]. neironuli aqtiobis stabilizaciis Semdeg, hipokampis CA1 
velidan xdeboda 60 wT-iani fonuri aqtiobis Cawera 10 wT-iani 

intervalebiT. Semdeg, cdis seriidan gamomdinare, vaxdendiT kudis 

venaSi fiziologiuri xsnaris an q-mnn-is inieqcias. qvercetinis 

saeqspozicio dozad SeirCa 25 mg/kg. cxovelis wonis Sesabamisad, 

ganisazRvra saaplikacio qvercetinis molekulaTa raodenoba. mra-

valjeradi testirebiT SeirCa saineqcio xsnaris sasurveli pro-

porcia: virTagvebis wonidan gamomdinare (daaxloebiT 180 g), 

sainieqcio xsnari Seicavda 54 mkl qvercetins sabaziso xsnaridan 

(300 mkl DMSO-Si gaxsnili 25 mgr qvercetini), 34 mkl rkinis 

nanonawilakian xsnars (1 mg/1ml) da sruli gaxsnisTvis vamatebdiT 

45 mkl DMSO-s. rkinis nanonawilakisa da qvercetinis dakavSirebis 

Sefaseba ganxorcielda arapirdapiri midgomiT, kerZod, morfo-

logiur da eleqtrofiziologiur eqsperimentebSi maT efeqtebze 

dakvirvebiT damatebiT ganxorcielda DMSO-Si gaxsnili qverce-

tinis, wyalSi gaxsnili rkinis nanonawilakebisa da qvercetin-dakav-

Sirebuli-mnn xsnarebis speqtruli analizi. miRebuli monacemebi 

qvercetinis magnitur-nanonawilakebTan dakavSirebaze miuTiTebs. 

kudis venaSi nivTierebaTa inieqcia xorcieldeboda gsmv-is (1 

Tesla) temporaluri wilis proeqciaze unilateralurad 30 wT-iani 

eqspoziciis Semdeg, romlis wardgena grZeldeboda inieqciis dasru-

lebidan kidev 30 wT-is ganmavlobaSi. 
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cdebSi gamoviyeneT rkinaSemcveli 30 nm diametris mqone magnituri 

nanonawilaki (Sigma, N747408 Fe(II, III) oqsidis wyalxsnari) da qverce-

tini (Sigma, Q4951). 

sistemurad Seyvanili mnn-is gsmv-is gavleniT tvinis struqturebSi 

gadaadgilebis Sesafaseblad Catarda morfologiuri eqsperimen-

tebi. cxovelebis dekapitacia xdeboda nanonawilakis Seyvanidan 1-1.5 

sT-is Semdeg. Sedarda rkinaSemcveli CanarTebis raodenoba tvinis 

struqturebSi magnituri velis eqspoziciis mxaresa da kontrala-

teralur intaqtur mxares Soris. Tavis qaladan amoRebuli tvinis 

fiqsacias vaxdendiT buenis safiqsacio siTxeSi (Semadgenloba: 

pikrinis mJava, formalini, yinulovani ZmarmJava 3:1:0.2). fiqsaciis 

Semdeg xdeboda masalis histologiuri damuSaveba Semdegi etapebis 

gavliT: gadatana aRmavali simagris spirtebSi (70°-96°), gauwylov-

neba (spirt-qloroformi, sufTa qloroformi, gatareba qloro-

form-parafinis fafebSi (42° da 56° TermostatSi) da Cayalibeba 

parafin-cvilis narevSi, Cayalibebuli blokebidan mikrotomze 7-10 

mikroniani anaTlebis momzadeba. 

mineraluri rkinis Semcvelobis dadgenis mizniT anaTlebis SeRebva 

xdeboda perlsis meTodiT `prusiuli lurji~ (Semadgenloba: 2%-

iani kaliumis ferocianidi da 2%-iani HCL-is narevi); damatebiT 

anaTlebis SeRebvas vaxdendiT neitralur wiTelSi ujreduli 

struqturebis gamosavlenad. perlsis meTodis da SeRebvisTvis 

saWiro qimiuri naerTebis reaqciis xarisxis Semowmebis mizniT, 

paralelurad vaxdendiT elenTis parafiniani anaTlebis momzadeba/ 

SeRebvas (dadebiTi kontroli) da sakontrolo virTagvebis tvinis 

anaTlebis SeRebvas. perlsis meTodiT SeRebil anaTlebSi rkinis 

Semcvelobis vizualizacia da rkinaSemcveli CanarTebis raode-

nobrivi maCveneblebis dadgena xdeboda cxovelebis or jgufSi: 1. 

marjvena mxares magnituri velis eqspoziciiT, da 2. marcxena mxares 

magnituri velis eqspoziciiT. 

rkinaSemcveli CanarTebis daTvlas vawarmoebdiT Tavis tvinis oTx 

midamoSi: hipokampis CA1, CA3 velebSi, dakbilul fasciaSi (gare da 

Sida SreebSi da hilusSi) da aseve didi tvinis qerqSi. magnituri 

velis gavlenis Sefasebis mizniT, miRebul monacemebs orive jgufis 

cxovelebSi vadarebdiT imave anaTalze kontralateraluri intaq-

turi mxaris hipokampis struqturebsa da qerqSi rkinaSemcveli 

CanarTebis raodenobas. 

eleqtrofiziologiuri monacemebis registraciisa da maTi anali-

zisTvis gamoviyeneT kompiuteruli programa Chart 5.5. miRebuli 

monacemebi statistikurad damuSavda programa PRIZMA-s meSveobiT. 
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Sedegebi da maTi gansja 

eleqtrofiziologiur eqsperimentebSi SeviswavleT q-mnn-is siste-

muri inieqciis gavlena hipokampis CA1 velis sumarul neironul 

aqtiobaze rogorc gsmv-is eqspoziciis pirobebSi, ise eqspoziciis 

gareSe. miRebuli monacemebis analizma aCvena, rom sistemurad 

Seyvanili q-mnn ar iwvevs fonuri neironuli aqtiobis amplituduri 

maCveneblis statistikurad sarwmuno cvlilebebs magnituri velis 

eqspoziciis gareSe rogorc marjvena, ise marcxena mxaris hipo-

kampSi. samagierod, statistikurad sarwmunod amcirebda amplitu-

dur maCvenebels, roca misi Seyvana xdeboda gsmv-is eqspoziciis 

fonze. 

 
sur. 1. magnituri velis gavlena q-mnn-iT gamowveul efeqtebze marjvena 

hipokampis CA1 velis neironuli aqtiobis amplitudur maCveneblebze. 

mocemulia histogramebi, romelic gamoxatavs neironuli aqtiobis am-

plitudis saSualo mniSvnelobebs + saSualo standartuli  gadaxrebi 

fonSi (pirveli histograma), magnituri velis zemoqmedebis fonze (meore 

histograma) da magnituri velis zemoqmedebis gareSe (mesame histograma)  

suraTidan Cans, rom sakontrolo cxovelebSi gsmv-is eqspoziciis 

fonze kudis venaSi q-mnn-is Seyvana marjvena hipokampis CA1 velSi 

iwvevs sumaruli neironuli aqtiobis amplitudis statistikurad 

sarwmuno Semcirebas – ***p < 0.0001 (fonSi saSualo amplituduri 

mniSvneloba 12.6-mv-dan (n = 18) Semcirda 7.6 mv-mde, anu 40%-iT 

(n = 14), xolo gsmv-is eqspoziciis gareSe q-mnn ar cvlis fonur 

aqtiobas (aplikaciamde mniSvneloba – 12.6 mv (n = 18), aplikaciis 

Semdeg ki – 15.8 mv (n = 4). 
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sakontrolo cxovelebSi gsmv-is eqspoziciis fonze kudis venaSi q-mnn-

is Seyvana marcxena hipokampis CA1 velSi iwvevs sumaruli neironuli 

aqtiobis amplitudis statistikurad sarwmuno Semcirebas (fonSi sa-

Sualo amplituduri mniSvneloba 3.7 mv-dan (n = 18) Semcirda 2.6 mv-mde, 
anu 30%-iT, n = 4)), xolo gsmv-is eqspoziciis gareSe q-mnn ar iwvevs 

fonuri aqtiobis statistikurad sarwmuno cvlilebas (aplikaciamde 

mniSvneloba – 3.7 mv (n = 18), aplikaciis Semdeg ki – 2.9 mv (n = 14)). his-
togramebi gamoxatavs velis potencialebis amplitudis saSualo mniS-

vnelobas q-mnn-is Seyvanis Semdeg magnituri velis eqspoziciisas an mis 

gareSe. 

 
sur. 2. magnituri velis gavlena q-mnn-iT gamowveul efeqtebze marcxena 

hipokampis CA1 velis neironuli aqtiobis amplitudur maCveneblebze. 

mocemulia histogramebi, romelic gamoxatavs neironuli aqtiobis am-

plitudis saSualo mniSvnelobebs + saSualo standartuli gadaxrebi 

fonSi (pirveli histograma), magnituri velis zemoqmedebis fonze (meore 

histograma) da magnituri velis zemoqmedebis gareSe (mesame histograma)  

aRsaniSnavia, rom magnituri velis Tanaobisas, marjvena da marcxena 

hipokampSi q-mnn-iT gamowveuli efeqtebi Semakavebelia (orive SemTxve-

vaSi amcirebs neironuli ganmuxtvebis amplitudas), Tumca q-mnn-is 

efeqtebis siZliere gansxvavebulia: marjvena hipokampSi q-mnn-iT gamo-

wveuli efeqtia 40%-iani Semcireba fonTan mimarTebaSi, xolo marcxena 

hipokampSi aRiniSna amplituduri maCveneblebis 30%-iT daTrgunva. 

eleqtrofiziologiuri eqsperimentebidan naTlad Cans, rom q-mnn-iT 

gamowveul efeqtebs zrdis magnituri velis eqspozicia. morfolo-

giur eqsperimentebSi Cven SevecadeT gagverkvia, Tu ramdenad kore-

lirebs q-mnn-is es efeqtebi magnituri velis eqspoziciis mxares 

rkinaSemcveli CanarTebis raodenobasTan. 
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morfologiurma eqsperimentebma aCvena, rom gsmv-is marcxena hipo-

kampis proeqciaze wardgenisas rkinaSemcveli CanarTebis raodenoba 

metia marcxena hemisferos struqturebSi kontralateralur mxares-

Tan mimarTebaSi. amasTan, CA3 velsa da dakbilul fasciaSi es 

gansxvaveba statistikurad sarwmunodaa gamoxatuli (sur. 3). rac 

Seexeba gansxvavebas CA1 velsa da qerqSi, es cvlilebebi araa sta-

tistikurad sarwmuno, Tumca magnituri velis eqspoziciis mxares 

maCveneblebi metia kontralateralurTan SedarebiT. 

 
sur. 3.  gsmv-is marcxena eqspoziciis gavlena rkinaSemcveli CanarTebis 

raodenobaze. warmodgenilia histogramebi, romelic gamoxatavs marjvena 

(R)  da marcxena (L) hipokampis CA1 da CA3 velebSi, dakbilul fasciasa 

(DG) da qerqSi rkinaSemcveli CanarTebis raodenobis saSualo 

mniSvnelobebs + saSualo standartuli gadaxrebi 
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gsmv-is marjvena hipokampis proeqciaze wardgenisas rkinaSemcveli 

CanarTebis saSualo maCvenebeli momatebulia marjvena hemisferos 

struqturebSi kontralateralur mxaresTan mimarTebaSi. amasTan, 

axal qerqSi es gansxvaveba statistikurad sarwmunodaa gamoxatuli 

(sur. 4). rac Seexeba gansxvavebas CA1 da CA3 velebsa da dakbilul 

fasciaSi, es cvlilebebi araa statistikurad sarwmuno, Tumca 

magnituri velis eqspoziciis mxares maCveneblebi metia, kontra-

lateralurTan SedarebiT. 

 
sur. 4.  gsmv-is marjvena eqspoziciis gavlena rkinaSemcveli CanarTebis 

raodenobaze. warmodgenilia histogramebi, romelic gamoxatavs marjvena 

(R)  da marcxena (L) hipokampis CA1 da CA3 velebSi, dakbilul fasciasa 

(DG) da qerqSi rkinaSemcveli CanarTebis raodenobis saSualo mniSvnelo-

bebs + saSualo standartuli gadaxrebi 
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gare magnituri veliT nanonawilak-dakavSirebuli Rerovani 

ujredebis efeqturi gadaadgileba zurgis tvinis dazianebuli 

lokusisken da misi integracia aRniSnul lokusSi naCvenebia sxva 

mkvlevarTa mierac [13]. Cven morfologiuri eqsperimentebiT vaCveneT, 

rom rkinaSemcveli CanarTebis raodenobis mateba korelirebs 

magnituri velis eqspoziciis mxaresTan. amasTan, magnituri velis 

eqspoziciis mxares vlindeba q-mnn-is efeqtebi, maSin rodesac igive 

doziT arc Tavisufali qvercetini da arc q-mnn araa efeqturi. 

miRebul monacemTa analizis safuZvelze SegviZlia davaskvnaT, rom 

gare statikuri magnituri veli iwvevs kudis venaSi Seyvanili q-mnn-

is efeqtur gadaadgilebas magnituri velis eqspoziciis lokusisken 

da zrdis eqspoziciis lokusSi qvercetinis koncentracias, rac, 

Tavis mxriv, ganapirobebs neironuli aqtiobis Semcirebas. 

kvleva Sesrulebulia SoTa rusTavelis erovnuli samecniero fon-

dis grantis FR17_629 farglebSi. 
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ВЛИЯНИЕ ВНЕШНЕГО СТАТИЧЕСКОГО МАГНИТНОГО ПОЛЯ НА 
ЭФФЕКТЫ КВЕРЦЕТИНА, СВЯЗАННЫЕ С НАНОЧАСТИЦАМИ ЖЕЛЕЗА 
В ГИППОКАМПЕ ЛАБОРАТОРНЫХ КРЫС 

Мариам Курасбедиани,  Гия Кутелия,  Манана Чиковани,   
Буцико Чхартишвили,  Роза Букия,  Виссарион Парцвания,  Нанули Дореули 

Тбилисский государственый университет им. И. Джавахишвили, факультет точных и 
естественных наук, Грузия 

РЕЗЮМЕ 

Среди природных соединений, используемых в медицине, кверцетин занимает значи-
тельное место. Его действие на мозг ограничено из-за плохой растворимости в воде и пло-
хой биопроницаемости. Системы доставки лекарств, основанные на нанотехнологиях, 
представляют собой новый подход для увеличения биопроницаемости веществ. Магнитные 
наночастицы (МНЧ) широко используются в качестве наноносителей лекарств, и их 
транспорт в организме может контролироваться магнитным полем. 

Целью данной работы являлось определение электрофизиологических эффектов МНЧ-
связанного кверцетина (к-МНЧ), систематически вводимого в СА1 поле гиппокампа и 
оценка влияния экспозиции внешнего статического магнитного поля (ВСМП) на 
вышеотмеченные эффекты. 

В экспериментах были использованы белые дикие лабораторные крысы. Металлические 
электроды стереотаксически вводили в поле СА1 гиппокампа кетамин-анестезированных 
крыс (координаты – AP – 3.8, L – 2.8, H – 2.8 мм). После стабилизации нейронной 
активности в течение 60 мин. регистрировали фоновую активность с 10-минутными интер-
валами. Затем, исходя из серии экспериментов, в хвостовую вену вводили физиологический 
раствор или к-МНЧ (25 мг/кг кверцетина, одна молекула наночастицы железа была 
рассчитана на 100 молекул кверцетина). Инъекция веществ проводили унилатерально после 
30-минутного воздействия ВСМП на проекцию височной доли (1 Тесла). Его представление 
продолжалось еще 30 минут после завершения инъекции. В наших экспериментах 
использовались МНЧ диаметром 30 нм (Sigma, N747408) и кверцетин (Sigma, Q4951). Для 
оценки перемещения МНЧ в структурах головного мозга при воздействии ВСМП были 
проведены морфологические эксперименты. Для регистрации / анализа полученных элек-
трофизиологических данных использовалась компьютерная программа Chart 5.5. Стати-
стическую обработку данных проводили с помощью программы ПРИЗМА. 

Эксперименты показали, что эффекты к-МНЧ в СА1 поле гиппокампа являются инги-
бирующими: они вызывают уменьшение амплитуды нейронной активности при ВСМП 
экспозиции, тогда как без ВСМП экспозиции та же самая доза неэффективна. Морфо-
логическое исследование показало, что количество железо-содержащих включений на 
стороне экспозиции магнитного поля статистически достоверно увеличено, по сравнению с 
контралатеральной стороной. 

Итак, можно заключить, что ВСМП ведет к эффективному перемещению к-МНЧ в сторону 
локуса экспозиции магнитного поля, увеличивает концентрацию кверцетина в локусе 
экспозиции и вызывает ингибирование нейронной активности. 
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THE IMPACT OF EXTERNAL STATIC MAGNETIC FIELD ON QUERCETIN 
EFFECTS ASSOCIATED WITH IRON NANOPARTICLES IN THE 
HIPPOCAMPUS OF LABORATORY RATS 

Mariam Kurasbediani,  Gia Kutelia,  Manana Chikovani,  Butsiko Chkhartishvili,  
Roza Bukia,  Besarion Partsvania,  Nanuli Doreulee 

Iv. Javakhishvili Tbilisi State University, the Faculty of Exact and Natural Sciences, Georgia 

SUMMARY 

Among the natural compounds used in medicine quercetin takes an important place. Its action on 
the brain is limited due to poor solubility in water and poor bio-permeability. Drug delivery 
systems based on nanotechnology appear to be a new approach to increasing the bio-permeability 
of substances. Magnetic nanoparticles (MNP) are widely used as drugs nanocarriers, and their 
transport in the organism may be managed by magnetic field. 

The goal of this work was to determine the electrophysiological effects of systematically 
administered MNN-related quercetin (q-MNP) into CA1 field of the hippocampus and the 
evaluation of exposure impact of external static magnetic field (ESMF) on above-said effects. 

White wild laboratory rats were used in our experiments. The metal electrodes were stereotaxically 
inserted into CA1 field of the hippocampus of ketamine-anesthetized rats (coordinates – AP – 3.8, 
L – 2.8, H – 2.8 mm). After the stabilization of neuronal activity 60 min. background activity with 
10 min intervals were recorded. Then, proceeding from the experiment series, saline solution or q-
MNP were injected into caudal vein (25 mg/kg of quercetin, one molecule of iron nanoparticle was 
calculated on 100 molecules of quercetin). The substances were injected unilaterally after 30 min 
exposure of ESMF on the temporal lobe projection (1 Tesla). Its presentation continued for another 
30 minutes after the injection was completed. MNN with 30 nm diameter (Sigma, N747408) and 
quercetin (Sigma, Q4951) were used in our experiments. For the evaluation of MNP displacement 
in the brain structures under ESMF impact the morphological experiments were carried out. For 
the registration/analysis of the electrophysiological data a computer program Chart 5.5 was used. 
The data were statistically processed by means of PRIZMA program. 

The experiments have shown that q-MNP effects in CA1 field of the hippocampus appear to be 
inhibitory: when exposed to an external static magnetic field, it leads to a decrease in the 
amplitude of neuronal activity, while without ESMF, the same dose of q-MNP is non-effective. 
The morphological investigation has shown that a number of iron-containing insertions 
statistically is reliably increased on the side of magnetic field exposure, as compared to 
contralateral side. 

Thus, it can be concluded that ESMF leads to an effective displacement of q-MNP to the locus of 
magnetic field exposure, increases the concentration of quercetin in the locus of magnetic field 
exposure and evokes an inhibition of neuronal activity. 
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TRANSIENT RECEPTOR POTENTIAL CATION CHANNELS: 
TRANSDUCERS FOR SENSORY INFORMATION 

Merab Tsagareli 

Ivane Beritashvili Center for Experimental Biomedicine, Laboratory of Pain and 
Analgesia, Tbilisi, Georgia 

This article is dedicated to centennial Professor Malkhaz Zaalishvili, one of the founders of 
biophysics and molecular biology in Georgia and greatly contributed in these research areas. 
This review focuses on the superfamily of Transient Receptor Potential (TRP) cationic 
channels, responsible to sensory-related processes in cells. The response of these proteins to 
specific agonists, their regulation by signaling pathways, as well as by protein-protein and 
lipid-protein interactions, and their structures and biophysical characteristics have been 
studied thoroughly. On the other hand, small molecule compounds modulating different 
TRP channels have all entered clinical trials for a variety of diseases and highlights the 
evidence supporting TRP channels as promising targets for new analgesics and other drugs 
for therapeutic intervention. 

Key words: channelopathies, ion channels, nociception, pain, somato-sensation, structure-function 

TRP CHANNELS: PROTEINS WITH CONFORMATIONAL FLEXIBILITY 

It gives me a great pleasure to pay tribute to the fundamental important works of 
Professor Malkhaz Zaalishvili (1920-2016) in the study of basic mechanisms of muscle 
contraction and membrane processes. It is highly appropriate to dedicate this article on 
transient receptor potential (TRP) ion-permeable channels, proteins with high 
conformational flexibility. 

The appearance of the plasma membranes of cells constituted a key event for life during 
evolution. These structures achieve pivotal functions for the cell, including transport of 
molecules, communication with the environment, and metabolic functions. The intrinsic 
hydrophobic nature of these structures renders them impermeable to the flux of charged 
molecules, a process necessary for cell-cell communication, activation of signaling 
pathways, as well as for the ability to respond to endogenous and exogenous signals. This 
issue is resolved by the presence of certain types of proteins in plasma membranes, called 
ion channels that allow for the passage of ions from one side to the other. The specific 
structure of one ion channel may differ substantially from another; however, all these 
proteins contain a pore that opens and closes to permit the flow of ions, mediating ionic 
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currents that, in turn, result in the generation of signals with distinct physiological 
consequences [18]. 

There is an intimate relationship between the structures and functions of ion channels, 
with their different component regions serving a specific role in the activity of these 
proteins. The study of the relationships between the structure and the function of these 
proteins has witnessed considerable advances in the last two decades using a combination 
of techniques, which include electrophysiology, optical approaches (i.e. patch clamp 
fluorometry, incorporation of non-canonic amino acids, etc.), molecular biology 
(mutations in different regions of ion channels to determine their role in function) and 
those that have permitted the resolution of their structures in detail (X-ray crystallography 
and cryo-electron microscopy). 

The possibility of making correlations among structural components and functional traits 
in ion channels has allowed for more refined conclusions on how these proteins work at 
the molecular level. With the cloning and description of the superfamily of TRP channels, 
the understanding of several sensory-related processes has also greatly moved forward [18]. 

In the 1980-90s, when the patch-clamp recording technique was developed, it became 
possible to study the behavior of single ion channels in real time [3, 23, 32]. At the same 
time, with the advances seen in the areas of molecular biology, cloning and generation of 
knockout animal models, valuable methods have been provided to carefully determine the 
roles of ion channels in normal and under pathophysiological conditions [5, 14, 17]. As a 
result, a large variety of ion channels have been cloned and biophysically characterized 
and, in the past three decades, research-oriented towards determining the structure of ion 
channels has witnessed remarkable progress. 

For the last few decades, the field of study of TRP channels has demonstrated increase an 
interest to mammalian homologs of the Drosophila trp channel clone and some of these 
have identified as temperature sensors [4, 10, 20]. A feature of these proteins is that 
several of these channels are polymodal that is, being activated by several distinct 
physical stimuli and more than one ligand. In some cases, different biophysical properties 
as well as distinct conformational changes in their pores, associated with interactions with 
different ligands, have been revealed. 

In general, the TRP channels comprise seven related protein subfamilies, (1) TRP-
canonical (TRPC), (2) TRP-vanilloid (TRPV), (3) TRP-melastatin (TRPM), (4) TRP-
ankyrin (TRPA), (5) TRP-mucolipin (TRPML), (6) TRP-polycystic (TRPP) and (7) 
TRPN or ‘no mechanoreceptor potential C’ (NOMPC) [16]. Although the physiological 
functions of most TRP channels are not well known, their wide distribution indicates that 
the biological functions and activation mechanisms for these channels are diverse and 
very important. For instance, TRP channels are best recognized for their contributions to 
sensory transduction (vision, hearing, smell, taste, touch), response to temperature, 
nociceptive stimuli and itch, osmolarity, pheromones or odorants, and other stimuli from 
both within and outside the cell [10, 15, 20, 24, 35, 36]. 
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PHYLOGENY AND STRUCTURAL CHARACTERISTICS OF TRP CHANNELS 

Nociceptors, i.e. sensory neuronal cells tuned to detect noxious stimuli, are found in 
numerous phyla of the Animal kingdom and are often polymodal, responding to a variety 
of stimuli, e.g. heat, cold, pressure and chemicals, such as acid. Owing to the ability of 
protons to have a profound effect on ionic homeostasis and damage macromolecular 
structures, it is no wonder that the ability to detect acid is conserved across many species 
(Fig. 1). To detect changes in pH, nociceptors are equipped with an assortment of 
different acid sensors, some of which can detect mild changes in pH, such as the acid-
sensing ion channels, proton-sensing G protein-coupled receptors (GPCR) and several 
two-pore potassium channels, whereas others, such as the TRPV1 ion channel, require 
larger shifts in pH [29]. 

 
Fig. 1. Schematic diagram of the basic structure of proton-sensitive receptors, with residues or 
regions important for proton sensitivity annotated. Functional ASICs, K2Ps and TRPs are 
multimeric, but for simplicity only one subunit of each receptor is shown. Abbreviation: ASICs, 
acid sensing ion channels; K2Ps, two-pore potassium channels; TRPs, transient receptor potential 
channels (adapted from Pattison et al., 2019 [29]) 

Nociceptive receptors/channels belonging to the TRP superfamily constitute the major 
group of molecular detectors/transducers. The phylogenic point of view, they are ancient, 
evolutionarily conserved proteins that function in a wide range of metazoan organisms. 
These include invertebrates, arachnids (e.g., ticks), insects (e.g., flies, mosquitoes and 
bees), and vertebrates such as zebrafish, mice, and humans. Today, there are more than 
hundred channels within this superfamily (invertebrate and vertebrate combined) 
organized by their sequence homology into seven subfamilies. There are 33 TRP channel 
genes of six subfamilies in mammals (Fig. 2), nearly 60 in zebrafish, 30 in sea squirts, 24 
in nematodes, 16 in fruit flies, and 1 in yeast. They are subdivided into seven subfamilies 
on the basis of sequence similarity. 

All seven subfamilies are represented in flies and worms, although these organisms have 
fewer TRP channels than humans. Nevertheless, the TRPA subfamily is the largest in 
insects, even though only one representative exists in mice and humans. This notable 
difference might reflect a particularly important role for TRPA channels in sensing 
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environmental chemicals and changes in temperature, because poikilothermic animals 
such as insects are particularly sensitive to heat and cold, and are subjected to a very 
complex repertoire of compounds in their surroundings [42]. 

 
Fig. 2. Phylogenetic tree of mammalian TRP channels based on their homology. In mammalian 
systems, TRP channels comprise six related protein subfamilies: TRPC, TRPV, TRPM, TRPA, 
TRPP, and TRPML (adapted from Takahashi et al., 2012 [34]) 

Combined molecular and physiological analyses of nociceptive transduction have 
revealed important mechanisms in a few species. Particularly, the TRP channels have 
demonstrated their importance for nociceptive transduction in both vertebrates and 
invertebrates [44]. 

The repertoires of temperature-gated TRP (or thermo-TRP) homologous have changed 
through vertebrate evolution. Because thermo-TRPs are involved in thermosensation, as 
well as other kinds of sensory detection, variability of repertoires may be associated with 
adaptation of the organisms to their respective habitat environments [4, 7, 31]. 

The structural point of view, the TRP complex membrane proteins made a huge leap 
forward through numerous high-resolution cryo-electron microscopy (cryo-EM) 
structures of near full-length TRP channels, beginning with TRP vanilloid 1 (TRPV1). 
Structures of near full-length ion channels are complemented nicely by structures from 
various soluble TRP channel domains [2, 11, 12, 14]. 

TRP channel architecture is similar to other ion channels. Most members of the TRP 
channel superfamily share a low level of structural similarity, but some channels (TRPC3 
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and TRPC7, as well as TRPV5 and TRPV6) are highly homologous to each other. Most 
of the TRP channels are predicted of a six-transmembrane helix topology (S1 through S6) 
with a reentrant loop between S5 and S6 forming the channel pore that is a recurring 
structural motif. These channels tetramerize to a 24-helix functional protein complex 
(Fig. 3) [34]. 

 
Fig. 3. Transmembrane topology (left) and the quartenary structure of TRP channels (right). The 
TRP protein has six putative transmembrane domains, a pore region between the fifth and sixth 
transmembrane domains and a TRP domain in the C-terminal region. The TRP protein assembles into 
homo-tetramers or hetero-tetramers to form channels (adapted from Takahashi et al., 2012 [34]) 

As observed for other ion channels, TRP channel function is strongly influenced by large 
intracellular domains, and the responsiveness to functional modulators, for example, 
regulation by phosphor-inositides, or inhibition by quaternary ammonium ions, and 
venom toxins, is conserved across ion channel families [12]. 

Many TRP channels form functional channels as homotetramers, although hetero-
multimerization is not uncommon. The latter phenomenon may have important im-
plications in drug discovery as it is crucial for understanding the endogenous subunit 
composition of the ion channels so that TRP can be appropriately targeted with a 
pharmacological agent. 

Although all functional TRP channels are likely composed of four subunits (either 
homotetramers or heterotetramers), there is relatively low-sequence homology between 
family members, and the overall structure of the channels can diverge significantly [21]. 

Currently, structure models solved by cryo-EM are available for 48 TRP channels from 
11 subfamilies (Fig. 4), and the number of structures is still growing. Benefiting from the 
potential of cryo-EM, to identify conformational heterogeneity by 2D and 3D 
classification methods, for almost all TRP channels, different conformational states were 
observed; for example, open and closed conformations, and inhibited or activated states. 
Moreover, in many structures, the channels show association with lipids [19]. 
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Fig. 4. Phylogenetic similarity of TRP channels with resolved electron microscopy maps. The 
respective coordinates are shown as ribbon models, color ramping from N- (blue) to C-terminus 
(yellow). The gray rectangle indicates the extent of the membrane. (Reproduced from Madej and 
Zeigler, 2018 [19]) 

PHYSIOLOGICAL FUNCTIONS OF TRP CHANNELS 

The TRP channels are involved in a great number of functions in cell biology, including 
migration, proliferation and survival. They play roles in carcinogenesis, immunological 
processes, tissue homeostasis, and are prominently present in pathways of sensory 
transduction and electrolyte homeostasis [43]. 

The TRP channels play a plethora of physiological and pathological roles in response to 
various extracellular and intracellular stimuli, such as changes in temperature, pH, or 
osmolarity, injury, depletion of calcium stores, as well as volatile chemicals and 
cytokines (Table 1). Once activated, TRP channels, with homo- or hetero-tetrameric 
configurations, function as an integrator of several signaling pathways to elicit a serial of 
responses. Some TRPs are involved in sensory functions such as smell, taste, pain, and 
pheromone sensing. Some are responsive to temperature and may help to avoid tissue-
damaging noxious temperatures. Some TRPs are sensitive to natural compounds or their 
ingredients that have been used in medical practice. 

In general, all TRP channels are cation permeable channels and exhibit at least some 
calcium conductance, exerting their function mostly by facilitating spatiotemporal 
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calcium signaling events (Fig. 5). It has been demonstrated that these TRP family 
members are involved in cell physiological functions and also in many hereditary and 
acquired diseases. Abnormalities in TRP channel function, as the result of alteration of 
protein expression levels, changes in channel properties, or changes in their myriad 
regulators, have been associated with numerous diseases ranging from chronic pain to 
cardiovascular disease, skeletal abnormalities, kidney diseases, brain diseases, and 
cancer, which provide numerous opportunities for therapeutic intervention [16]. 

Table 1 

Function, activation and subunit interactions of TRP channels 
(Adapted from Aarts, Tymianski, 2005) [1] 

 
A large number of TRP channels can be activated directly by the binding of specific 
ligands, such as vanilloid compounds, endogenous lipids, ATP, and select medications, to 
binding pockets on the channel surface. Indirect activation that arises downstream of 
receptor-mediated signaling, either via G-protein coupled receptors (GPCR) or receptor 
tyrosine kinases, also controls the activity of many TRP channels. Finally, several TRP 
channels are activated by biophysical mechanisms such as voltage, temperature and 
stretch (Fig. 5). Interestingly, mechanical gating, caused by deformation of the plasma 
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membrane, was proposed recently as a universal activation mechanism for all TRP 
channels [43]. 

 
Fig. 5. General mechanisms of TRP channels’ activation by extracellular (stretch, pressure, 
tension, potential, temperature and chemical agonists) and intracellular signalizations. Namely, 
activation of G-protein coupled receptors (GPCR) activates the phospholipase C (PLC) pathway 
that induces the hydrolysis of phosphatidylinositol-4,5-bisphosphate (PIP2) to diacylglycerol 
(DAG) that activates protein kinase C (PKC), which in turn phosphorylates TRP channels. In 
parallel, the generation of inositol 1,4,5-trisphosphate (IP3) promotes the release of Ca2+ from the 
endoplasmic reticulum (ER) (adapted from Duitama et al., 2020 [9]) 

Our laboratory recent data have provided a comprehensive view of effects of intraplantar 
cinnamaldehyde (CA) [41] and allyl isothiocyanate (AITC), a natural compound of 
mustard oil [25] on thermal (hot and cold) and mechanical sensitivity CA- and AITC-
induced a dose-dependent heat hyperalgesia lasting > 2 h at the highest doses, mechanical 
allodynia, and cold hyperalgesia, and of TRPV1 channel to enable treatment with its 
antagonist capsaicin in rats. These findings indicated that thermo-sensitive ion channels 
are capable of signaling temperature changes across the range normally encountered in 
the environment. TRPA1as when it is stimulated by various agonists (e.g. AITC, CA), the 
resultant sensation is burning pain rather than cold, thus, supporting the role of TRPA1 in 
heat detection [25]. 

We also showed that intraplantar pretreatment with non-steroidal anti-inflammatory drugs 
(NSAIDs) (diclofenac, ketorolac and lornoxicam) attenuated thermal hyperalgesia and 
mechanical allodynia following the TRPA1 channel activation by their agonists CA and 
AITC [26, 27, 39]. We have just recently explored whether one of the widely used 
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NSAIDs ibuprofen’s reactive compound, ibuprofen-acyl glucuronide, contributes to the 
ibuprofen analgesic and anti-inflammatory actions by targeting TRPA1, using in vitro 
tools (TRPA1-expressing human and rodent cells) and in vivo mouse models of 
inflammatory pain. A principal finding of our study is that ibuprofen-acyl glucuronide, 
but not its parent compound, ibuprofen, antagonizes the pro-algesic TRPA1 [46]. 

The TRPA1 channel is of special interest for its functional diversity as a sensor of 
irritating and its important role in itch, as we have just recently found. Pretreatment with 
the TRPV1 antagonist AMG-517, but not the TRPA1 antagonist HC-030031, 
significantly attenuated the magnitude and time course of thermal hyperalgesia and 
mechanical allodynia elicited by histamine, indicating that these effects are mediated by 
TRPV1. In contrast, pretreatment with the TRPA1 antagonist HC-030031 significantly 
reduced thermal hyperalgesia and mechanical allodynia elicited by chloroquine, BAM8-
22 (the peptide extracted from bovine adrenal medulla), and SLIGRL (the tethered 
peptide Ser-Leu-Ile-Gly-Arg-Leu), respectively, indicating that effects elicited by these 
non-histaminergic itch mediators require TRPA1. The TRPV1 and TRPA1 channel 
inhibitors thus may have potential use in reducing hyperalgesia and allodynia associated 
with histaminergic and non-histaminergic itch, respectively [28, 38, 40]. 

TRP CHANNELS AS THERAPEUTIC TARGETS 

Current pain therapeutics mainly includes NSAIDs and opioids, but they exhibit 
limitations in efficacy, unwanted side effects and the problem of drug abuse. To 
overcome these issues, the discovery of different molecular players within pain pathways 
could lead to new opportunities for therapeutic intervention. Among other strategies, 
peptides could be powerful pharmaceutical agents for effective opioid-free medications 
for pain treatment. One of reliable approaches is to use representatives of non-opioid 
analgesic peptides acting directly or indirectly on different ion channels and receptors 
distributed in nociceptive pathways. They include peptides targeting Ca2+, Na+ and K+ 
voltage-gated ion channels, the neuronal nicotinic receptors (nAChR), TRP channels, and 
different non-opioid G-protein coupled receptors (GPCRs), like the calcitonin gen-related 
peptide (CGRP), cannabinoids, bradykinin and neurotensin receptors, among others. 
Peptides engineered from protein-protein interactions among pain-related receptors and 
regulatory proteins also led to new therapeutic approaches for pain management. 
Following some successful examples, already in the clinics or under clinical trials, the 
improved understanding of pain mechanisms, and the advances in peptide permeation 
and/or delivery, could afford new analgesic peptides in the near future [30]. 

Current evidence indicates that channelopathies contribute to the development and/or 
progression of the symptoms of many diseases. Among them are inherited pain syndrome 
and neuropathic pain, itch, multiple kidney disease, skeletal disorders, overactive bladder, 
asthma, and of anxiety and neurodegenerative diseases. 

Therefore, TRP ion channels could be therapeutic targets that are amenable to blockade 
by small molecules [13, 21, 35, 37]. 
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The discovery of novel analgesic drug targets is an active research topic owing to 
insufficient treatment options for persisting pain. Modulators of thermo-TRP channels, in 
particular TRPV1, TRPV2, TRPM8 and TRPA1, have reached clinical development. This 
requires access for TRP channels and the effects of specific modulators in humans. This 
is currently possible via (1) the study of TRP channel function in human-derived cell 
lines, (2) immune-histochemical visualization of TRP channel expression in human 
tissues, (3) human experimental pain models employing sensitization by means of topical 
application of TRP channel activators including capsaicin (TRPV1), menthol (TRPM8), 
mustard oil (AITC) and cinnamaldehyde (TRPA1), and (4) the study of phenotypic 
consequences of human TRP gene variants [45]. 

The roles of TRP channels in mediating pathological pain make them potential targets for 
analgesics. TRP channels are located in nociceptors where pain is generated, and thus, the 
simplest access for analgesics would involve blocking the channels directly. Two main 
approaches have been proposed to inhibit TRP channels: blocking the channel activity 
using antagonists and, paradoxically, stimulating the channels to desensitize them. Drug 
development studies have focused on TRPV1, TRPV3, TRPM8, and TRPA1, which have 
been clearly demonstrated to be involved in pathological pain. Currently, at least seven 
antagonists of TRPV1, two of TRPA1, and one of TRPV3 are being clinically tested by 
pharmaceutical industries. 

However, several TRP channels perform dual functions: they act as sensors/detectors of 
nociceptive signals under normal conditions, which help to prevent tissue damage, and 
they also act as contributors to inflammatory or neuropathic pain under pathological 
conditions, and this can pose a risk of noxious perception being blunted when the 
channels’ activity is blocked. In accord, in healthy human volunteers, increase in heat 
pain threshold was observed after the administration of TRPV1 antagonists, including 
SB-705498, MK-2295, ABT-102, and AZD1386. Hyperthermia is another adverse effect 
of TRPV1 antagonists; almost all TRPV1 antagonists undergoing clinical development, 
such as AMG-517 (Amgen), ABT-102 (Abbott), and AZD-1386 (AstraZeneca), caused 
hyperthermia in human volunteers that in certain cases lasted for 1-4 days, with core body 
temperatures rising up to 40°C [6, 21, 22]. 

In contrast to the challenges associated with developing antagonists, in the case of 
agonists that have been applied to locally desensitize TRP channels and have been used 
clinically, severe adverse effects have not been reported, although the agonists might 
produce initial irritation or even degeneration of sensory nerves. This notion of a 
paradoxical use of agonists might be derived from the experience gained with certain 
herbal remedies used in traditional medicine. For example, preparations or prescriptions 
containing agonists of TRP channels, such as menthol (TRPM8), cinnamaldehyde 
(TRPA1), or shogaol (TRPV1), have long been used topically or orally to relieve 
neuralgia, arthralgia, menstrual pain, and headache in traditional Chinese medicine. 
Moreover, capsaicin-containing creams, occlusive patches, and liquid formulations have 
been developed and used for treating chronic painful conditions such as diabetic 
neuropathy, postherpetic neuralgia, and other painful disorders [6, 21, 22]. 
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In summary, TRP channels are involved in diverse physiological processes. The number 
of TRP channel mutations that lead to disease underscores their importance in human 
biology. Both agonists and antagonists of TRP channels are currently under development 
as potential therapeutics. Owing to the relatively low sequence homology among family 
members and the dramatic differences in three-dimensional structure, truly selective 
modulators are attainable. Because of these disparate structures and the disparate roles, 
these channels fulfill, each family member will need to be evaluated individually – 
extrapolation from one channel to another will be difficult [21]. 

CONCLUDING REMARKS ON PERSPECTIVES 

The discovery of the trp gene superfamily which encodes the TRP cation channels has 
opened a highly exciting field to understand physiological and pathophysiological basic 
mechanisms of cell functions, which were until this time inaccessible. TRP channels 
comprise one of the most rapid growing research topics in related to ion channels 
including channelopathies and translational medicine [24]. 

Recent advancement in the field of cryo-EM has enabled near atomic resolution 
structures of some of the TRP channels, giving a glimpse into their molecular 
architecture. The structural information will help in establishing some of the functional 
characteristics of these channels and will also be beneficial for drug development. 
Resolving more structures will be important for the better understanding this family of 
ion channels in physiological processes [33]. 

Eleven mutant TRP channels cause a spectrum of 16 human diseases, additionally 
emphasizing their essential role in vivo. Moreover, TRP channels are important 
pharmacological targets for specific novel therapeutic treatment options for patients. 
Along these lines, specific TRP modulators have been identified in recent years and are 
now tested in vitro and in vivo against symptoms caused by dysfunctional TRP proteins 
or pathophysiological processes such as pain, chronic inflammation, fibrosis, and edema, 
which occur if normal physiological responses are out of control. Understanding of the 
mechanistic background of these channel malfunctions not only is essential for a 
treatment of these diseases but may also help to understand the functioning of these 
exciting proteins and their involvement in different signaling cascades [8]. 
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gardamavali receptoruli potencialis kaTionuri arxebi: 

sensoruli informaciis gardamqmnelebi 
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iv. beritaSvilis eqsperimentuli biomedicinis centri, tkivilisa da 
analgeziis laboratoria, Tbilisi, saqarTvelo 

reziume 

statia eZRvneba profesor malxaz zaaliSvilis dabadebidan 100 wlisTavs, 
biofizikisa da molekuluri biologiis erT-erT fuZemdebels saqarTveloSi, 
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romelmac didi wvlili Seitana kvlevis am dargebSi. Sroma mimoixilavs 
gardamavali receptoruli potencialis [Transient Receptor Potential – (TRP)] 
kaTionuri arxebis superojaxs, romlebic pasuxismgebelni arian ujredebSi 
sensorul procesebze. safuZvlianad aris Seswavlili am cilebis reaqcia 
specifikur agonistebze, maTi regulireba sasignalo gzebiT, agreTve cila-

cila da lipid-cilovani urTierTqmedeba da, zogierT SemTxvevaSi, maTi 
struqturisa da mdebareobis biofizikuri maxasiaTeblebi. meore mxriv, mcire 
molekuluri naerTebi, romlebic axdens sxvadasxva TRP arxebis modulacias, 
sxvadasxva daavadebebis klinikur kvlevebSi arian CarTuli da adasturebs, 
rom TRP arxebi warmoadgens perspeqtiul samizneebs axali tipis anal-

getikebisa da sxva samkurnalo saSualebebisTvis maT gamosayeneblad 

Terapiuli CarevisTvis. 

КАТИОННЫЕ КАНАЛЫ ПЕРЕХОДНЫХ РЕЦЕПТОРНЫХ 
ПОТЕНЦИАЛОВ: ПРЕОБРАЗОВАТЕЛИ СЕНСОРНОЙ ИНФОРМАЦИИ 

Мераб Цагарели 

Центр экспериментальной биомедицины им. И. С. Бериташвили, лаборатория боли и 
анальгезии, Тбилиси, Грузия 

РЕЗЮМЕ 

Статья посвящена столетнему юбилею профессора Малхаза Михайловича Заалишвили, 
одного из основоположников биофизики и молекулярной биологии в Грузии, внесшего 
большой вклад в эти области исследований. В данном обзоре рассматривается 
суперсемейство катионных каналов Транзиторных Рецепторных Потенциалов (ТРП), 
ответственных за сенсорные процессы в клетках. Ответ этих белков на специфические 
агонисты, их регуляция сигнальными путями, а также белок-белковыми и липид-белковыми 
взаимодействиями и, в некоторых случаях, биофизические характеристики их структуры и 
местонахождения были тщательно изучены. С другой стороны, низкомолекулярные 
соединения, модулирующие различные каналы ТРП, вступили в клинические испытания 
при различных заболеваниях и подтверждают, что каналы ТРП являются 
многообещающими мишенями для новых анальгетиков и других лекарств для 
терапевтического вмешательства. 
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NA,K-ATPase AND ROS HORMESIS 

Gvantsa Chkadua,  Eka Nozadze,  Leila Tsakadze,  Lia Shioshvili,  Nana Arutinova,  
Marine Leladze,  Sophio Dzneladze 

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi 

Na,K-ATPase is an energy expending ion pump that converts the free energy of ATP 
hydrolysis into transmembrane ion gradient. It is a member of P-type ATPase family and 
important ion pump in animal physiology. This enzyme is involved in almost all life cellular 
processes, and therefore it is important to know its molecular mechanisms and regulation by 
physiological regulators. In this study we have investigated the effect of H2O2 on enzyme 
system. At low concentrations, H2O2 (< 100 µM) activates enzyme system, while at high 
concentrations inhibits it. H2O2 changes para chlore mercury benzoates affinity. This is 
necessary and sufficient condition to conclude that H2O2 modifies thiol groups of enzyme 
system. Low activatory concentrations of H2O2 ( < 100 µM) result in reversible oxidation of 
Cysteine residues and give activation to enzyme system, while inhibitory concentrations of 
H2O2 irreversible oxidize thiols and thus inhibit Na,K-ATPase. 

Key words: Na,K-ATPase, hormesis, ROS, enzyme kinetic 

The Na+, K+ pump is an electrogenic transmembrane ATPase first discovered in 1957 and 
situated in the outer membrane of the cell, on the cytosolic side [14]. Na,K-ATPase 
pumps 3 Na+ out of the cell and 2 K+ that into the cell, for every single ATP consumed. 
The sodium and potassium move against the concentration gradient. The Na,K-ATPase 
pump maintains the gradient of a higher concentration of sodium extra cellularly and 
higher level of potassium intracellularly. The sustained concentration gradient is crucial 
for physiological processes in many organs and has an important role in the stabilizing 
the resting membrane potential of the cell, regulation of the cell volume and in the cell 
signal transduction. Furthermore, the physiological consequences of inhibition of Na,K-
ATPase are useful and the target in many pharmacologic applications. Control over the 
Na,K-ATPase function plays a central role in adaptation of the organisms to hypoxic and 
anoxic conditions. As the enzyme itself does not possess O2 binding sites, its “oxygen-
sensitivity” is mediated by a variety of redox-sensitive modifications including S-
glutathionylation, S-nitrosylation, and redox-sensitive phosphorylation. Recent findings 
suggest that oxygen-derived free radicals and H2O2, NO, and oxidized glutathione are the 
signaling messengers that make the Na,K-ATPase “oxygen-sensitive.” This very ancient 
signaling pathway targeting thiols of all three subunits of the Na,K-ATPase, as well as 
redox-sensitive kinases sustains the enzyme activity at the “optimal” level avoiding 
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terminal ATP depletion and maintaining the transmembrane ion gradients in cells of 
anoxia-tolerant species. Hormetic effect of reactive oxygen species is well established. 
Hormesis describes the drug action of low dose stimulation and high dose inhibition. 
Since ancient times, people have proposed (and practiced) the idea that low doses of 
poison could be beneficial to health. The German philosopher Friedrich Nietzsche (1844-
1900) made the famous statement that “What doesn’t kill us, makes us stronger”. Such 
phenomena, distinguished by beneficial effects of apparently toxic agents at their low 
doses, have been known for centuries. Back in 1888, the German pharmacologist Hugo 
Schulz observed that small doses of multiple chemical disinfectants stimulate yeast 
growth [3, 4]. However, the true origin of the word “hormesis” (derived from the ancient 
Greek term hormáein, which literally means “to excite”, or “to set in motion”) dates back 
to Chester Southam’s undergraduate thesis in 1941, as a better substitution for the word 
“toxicotrophism”. According to the original publication of Southam and Ehrlich in 1943, 
“The term hormesis (adj. hormetic) is proposed to designate such a stimulatory effect of 
subinhibitory concentrations of any toxic substance of any organism”. The hormesis 
phenomenon has been observed in a wide range of biological systems. Recently, the 
hormesis concept has been receiving increasing attention in the field of aging research. It 
has been proposed that within a certain concentration window, reactive oxygen species 
(ROS) or reactive nitrogen species (RNS) could act as major mediators of anti-aging and 
neuroprotective processes. Such hormetic phenomena could have potential therapeutic 
applications, if properly employed. 

In this study we have studied effect of H2O2 on Na,K-ATPase and investigated molecular 
mechanism of this effect in vitro experiments. 

MATERIAL AND METHODS 

Brain synaptic membrane fractions obtained from the adult albino rats (with 200-300 g of 
body weight) of both sexes was served as an investigation material. The synaptic mem-
brane fraction was obtained by means of differential centrifugation, at 0.9-1.2 M concen-
tration gradients of sucrose, according to De Robertis [7, 17] recommendations. 

Na,K-ATPase activity was measured as an ouabain sensitive part of a total ATPase 
activity. An ouabain – insensitive part was considered as Mg-ATPase. The total ATPase 
incubation medium contained 140 mM NaCl, 5 mM KCl and 50 mM Tris-HCl buffer at 
pH 7.7. Mg-ATPase was determined by adding 1 mM ouabain into the medium 
consisting of 145 mM KCl and 50 mM Tris-HCl buffer at pH 7.7. Samples were 
incubated at 37oC for 15 min. The ATPase activity was calculated according to the 
inorganic phosphorus (Pi) amount (per mg protein and per hour) resulting from the 
enzyme-induced ATP hydrolysis. 

Inorganic phosphorus was evaluated calorimetrically (Fiske and Subbarow, 1925; 
Kazanov and Maslova, 1980). Protein concentration was assessed by the Lowry method 
[12]. To examine the experimental curves, kinetic analysis method of multi-sited enzyme 
systems was applied [10]. 
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The Na,K-ATPase system reaction velocity is a function of at least five physiological 
ligands MgATP, Mgf

2+, ATPf, Na+ and K+, each one exerting either an activating or inhibiting 
action on the enzyme. To analyze the initial velocity of enzymatic reaction it is required 
to get V = f(MgATP, Mgf

2+, ATPf, Na+, K+) function to the function of one variable, where the 
values of other ligands are constant. Then, in case the conditions of the reaction are 
unchanged, with the enzyme functional unit structure being stable, the initial velocity should be 
one-variable function and should be reflected by the following analytical formula: 
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where α1 and β1 are the sum of products of individual velocity coefficients and constant 
ligands’ concentrations. X is a variable ligand concentration; e0 is the enzyme overall concen-
tration. n, m and p represent power parameters and are positive integers. n is the number 
of sites for essential activators, m is the number of sites assigned for full effect inhibitors, 
while p is the number of sites of partial effect modifiers [5, 6, 10]. In order to define n, m and p 
parameters and, correspondingly, decipher molecular mechanism of the multi-sited enzyme 
systems, a special kinetic analysis method for multi-sited enzyme systems was used [10]. 

Determination of the number of the sites intended for the essential activators (n) was 
made with the aid of the “method of power function transformation” [10]. The trans-
formation is of the type = f(t), where u = 1/V, t = 1/x and r is the power parameter. 
Such function only has an asymptote when r = n [6; 10]. If the working interval of the 
V = f(x) function is selected correctly, then = f(t) is concave when r < n, it is convex 
when r > n, and asymptotically approaches a straight line when r = n. Mean 
approximation coefficient (MV) and correlation coefficient (CC) allow estimation of the 
existence of the asymptote and thus give the opportunity to define n parameter. 

The theory and method for defining m parameter is identical to that of n parameter [10], 
only argument of = f(t) function should be replaced by x (x is concentration of variable 
ligand). 

The experiments were subjected to statistical analysis. Dates are presented as arithmetic 
means with standard error. In case of indirect measurements corresponding transfor-
mation formulas were used [1]. 

RESULTS AND DISCUSSION 

Sodium potassium pump is formed by the 100-113 kDa catalytic α subunit, the regulatory 
obligatory 55 kDa β subunit and the tissue-specific regulatory proteins of 7-11 kDa 
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belonging to the FXYD family [16]. Furthermore, Na,K-ATPase serves as a “docking 
station” for multiple other proteins of those other ion transporters, receptors, cytoskeletal 
proteins and members of signaling proteins are known [13]. Each Na,K-ATPase subunit 
type contains cysteine residues. The catalytic α subunit is the largest of the three subunits, 
forms the ATP binding site and binding sites for ions and transport pore, and has 23-24 
thiols depending on the isoform [2]. Several of these thiols are considered to be the 
targets of regulatory reversible thiol modifications. These modifications make the Na,K-
ATPase function extremely sensitive to the changes in redox state and oxygen avail-
ability. To investigate effect of the H2O2 on Na.KATPase we have studied a change in 
enzyme activity under wide range of H2O2 concentration (Fig.1). From the Fig.1 it is clear 
that at low concentrations ( < 100 µM), H2O2 activates enzyme system, while increase of 
H2O2 concentration inhibits Na,K-ATPase activity. This effect is manifestation of ROS 
hormesis. In most cases cysteine (Cys) residues are vulnerable to ROS influence and 
various thiol modifications take place. To investigate mechanism, underlying hormetic 
effect of H2O2 concentration, we have studied an influence of para chlore mercury 
benzoate (PCMB) on Na,K-ATPase system. PCMB reacts with thiol groups in protein 
and is therefore an inhibitor of enzymes. From Fig. 2 it is clear that PCMB inhibits Na,K-
ATPase in dose dependent manner. Increasing of PCMB concentration decreases enzyme 
activity gradually. To confirm modification of Cys residues we have investigated changes 
in PCMB affinity by addition of H2O2 activatory and inhibitory concentrations (Fig. 3). 
From this Figure, it is clear that activatory concentration of H2O2 (100 µM) increases 
affinity of PCMB, while inhibitory concentration (1 mM) decreases this parameter. H2O2 
mediated changes of PCMB affinity is necessary and sufficient condition to conclude that 
H2O2 and PCMB have the same target Cys residues. 

Hydrogen peroxide is an important redox signaling molecule [16]. Produced by SOD 
from superoxide, at physiological concentrations, PCMB is capable of reversible 
oxidation of proteins, triggering different cellular processes such as proliferation, 
migration, differentiation, or angiogenesis [16]. H2O2 intracellular concentrations can be 
reduced by the action of catalase (CAT), peroxiredoxin (Prx), or glutathione peroxidase 
(GPx) [16], otherwise, H2O2 redox-mediated signaling predominantly involves the 
reaction with thiolate (S-) from Cys to form a sulfenate (SO¯) that can form intra- or 
inter-molecular disulfide bonds (SS) in the presence of other thiols, thus inducing protein 
modifications that alter its function [16]. 

These oxidized forms can be reversed by thioredoxins (Trx) or glutaredoxins (Grx), 
ensuring a reversible signal transduction mechanism. Sulfenate can be further oxidized to 
sulfinate (SO2¯), which can be reduced by sulfiredoxin (Srx) [16]; however, excessive 
H2O2 concentrations further oxidize these proteins to sulfonate (SO3¯), leading to 
irreversible oxidation of biomolecules and H2O2-mediated toxicity. From our 
experimental results we can conclude that in vitro experiments effect of H2O2 is 
manifested by modification of thiol groups. Low activatory concentrations of H2O2 
(< 100 µM) result in reversible oxidation of Cys residues and give activation of enzyme 
system, while inhibitory concentrations of H2O2 irreversible oxidize thiols and thus 
inhibit Na,K-ATPase. 
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Fig. 1. Dependence of synaptic membrane Na,K-ATPase activity upon H2O2

 concentration in 
V = f(H2O2) coordinate system. Reaction medium was [MgATP] = 1.69mM; [Mgf

2+] = 
[ATPf] = 0.31mM 

 
Fig. 2. Dependence of synaptic membrane Na,K-ATPase activity upon PCMB concentration in 
V = f(PCMB) coordinate system. Reaction medium was [MgATP] = 1.69mM; [Mgf

2+] = [ATPf] ≤ 
0.31mM 
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Fig. 3. Dependence of synaptic membrane Na,K-ATPase activity upon PCMB concentration in V-1/4 = 
f(PCMB) coordinate system in. Reaction medium was [MgATP] = 1.69mM; 
[Mgf

2+] = [ATPf]≤0.31mM 
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Na,K-ATPb{b da ROS hormezisi 

gvanca Wkadua,  eka nozaZe,  leila waqaZe,  lia SioSvili,  

nana aruTinova,  marine lelaZe,  sofio ZnelaZe 

iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi 

reziume 
Na,K-ATPaza mraval fiziologiur procesSi CarTuli mniSvnelovani 

ionuri saqaCavia, romelic miekuTvneba P-tipis ATPazebis ojaxs. igi ATP-is 
hidrolizis Tavisufal energias ionebis transmembranul gradientis ener-

giad gardaqmnis. 

Na,K-ATPaza monawileobs TiTqmis yvela sasicocxlo procesSi da mniS-

vnelovania misi molekuluri meqanizmis da regulaciis principebis codna. 

mocemul naSromSi SeviswavleT H2O2 gavlena fermentul sistemaze. dabal 

koncentraciebze H2O2 aaqtivebs fermentul sistemas, maSin rodesac maRali 

koncentraciebi inhibirebs Na,K-ATPazas. H2O2 cvlis paraqlormerkur ben-

zoatis Tvisobas, rac aucilebeli da sakmarisi pirobaa rom iTqvas, H2O2-is 

samiznea fermentuli sistemis Tioluri jgufebi. H2O2-is dabali, aqti-

vatoruli koncentraciebi (< 100 µM) Seqcevadad Jangavs cisteinis naSTebs, 

maSin rodesac maRali koncentraciebisas adgili aqvs Seuqcevad modi-

fikacias da Sedegad fermentuli sistemis inhibicias. 

NA,K-ATФаза И ROS ГОРМЕЗИС 

Гванца Чкадуа,  Ека Нозадзе,  Лейла Цакадзе,  Лия Шиошвили,   
Нана Арутинова,  Марине Леладзе,  Софио Дзнеладзе 

Центр экспериментальной биомедицины им. И. Бериташвили, Тбилиси 

РЕЗЮМЕ 
Na,K-ATФаза за счет энергии гидролиза ATФ превращает свободную энергию в энергию 
градиента трансмембранных ионов. Данная ферментная система представляет АТФазу Р-
типа, принимает участие в физиологических процессах и при этом является важнейшим 
ионным насосом. Na,K-ATФаза участвует почти во всех жизненно важных процессах, 
поэтому большое значение имеет знание его молекулярного механизма и принципы его 
регуляции. В данной работе было изучено влияние действия Н2О2 на ферментную систему. 
Низкие концентрации Н2О2 активируют фермент, тогда как высокие ее концентрации 
ингбируют Na,K-ATФазу. Н2О2 изменяет сродство парахлормеркурбензоата, что является 
необходимым и достаточным условием сказать, что Н2О2 оказывает действие на тиольные 
группы системы. Низкие концентрации Н2О2 (< 100µM) обратимо окисляют остатки 
цистеина, тогда как высокие ее концентрации действуют, вызывая необратимые процессы 
и, тем самым, ингибируют исследуемую ферментную систему. 
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ARTIFICIAL POLYMERS MADE OF α-AMINO ACIDS – 
BIOMIMETICS OF PROTEINS 

Darejan Kharadze1,  Tina Omiadze1,  Larisa Kirmelashvili1,  Ramaz Katsarava2 

1 I. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia;  2 Institute of 
Chemistry and Molecular Engineering, Agricultural University of Georgia, Kakha 
Bendukidze University, Tbilisi, Georgia 

One of the determining factors in the progress of biomedicine is the development of 
biomaterials with new properties. The particular interest in this regard is biodegradable 
materials based on naturally occurring α-amino acids (AAs). The diversity of AAs allows 
synthesizing biomaterials with a unique complex of properties – biomimetics. The present 
brief review is devoted to the synthesis of different families of high-molecular-weight 
compounds composed of AAs and their applications as biodegradable biomaterials. Special 
attention is paid to the family of pseudo-proteins (PPs) – one of the most promising 
biomimetics. The applications of PPs include porous scaffolds with tunable pore sizes for 
cells cloning to treat a large area of burnt skin, degradable polymeric constructs for 
regenerative medicine and for orthopedic applications, coronary stent coatings, “artificial 
skin”, micro- and nanoparticles as drug delivery containers, electrospun matrix able to 
encapsulate bacteriophages, electrospun nanofibers for the incorporation of drugs with 
bactericidal activity, excellent soft dressings for the treatment of infected superficial burns, 
wounds, and ulcers, etc. 

Keywords: artificial biodegradable polymers, α-amino acids, poly(amino acid)s, pseudo-
poly(amino acid)s, polydepsipeptides, pseudo-proteins 

In recent years, biomaterials have played an important role in solving complex problems 
of biomedicine. Biodegradable polymers (BPs) are used as implantable devices, wound 
dressings, surgical sutures, staples, drug delivery vehicles, membranes, films and patches 
for depositing and growing cells, tissue engineering scaffolds to name a few. In addition, 
BPs are important materials for agriculture [15], food processing [54], and as eco-friendly 
compounds [50]. 

Biodegradable materials could be classified as naturally occurring and synthetic ones. 
Proteins, carbohydrate polymers, nucleic acids, bacterial polyesters belong to the 
naturally occurring biodegradable biomaterials. Proteins are used in biomedicine as both 
surgical and pharmaceutical devices. Among the proteins, collagen is the most versatile 
and applicable biomedical polymer [47]. The wide biomedical applicability of collagen is 
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due to its high affinity with tissues owing to -NH-CO- bonds. Amino acids are released as 
a result of collagen degradation that means a nutritive potential for cells, and the 
acceleration of tissue regeneration. However, collagen as a biomaterial has some 
limitations such as batch-to-batch variation, risk of disease transmission, and immune 
rejection. The content of only peptide bonds in the backbones of proteins significantly 
limits their material properties. Carbohydrate polymers and nucleic acids are mostly 
suitable for pharmaceutical applications as biodegradable drug carriers. 

At present, there are many synthetic analogs of natural biomaterials. Among them, the 
leading positions are taken by polyesters (PEs), especially homopolymers or copolymers 
made of glycolic and lactic acids (PGA, PLA, PLGA) [42]. These polymers have found a 
multitude of uses in the medical industry, beginning with degradable sutures materials. 

One of the most attractive compounds for constructing artificial degradable biomaterials 
looks AAs due to their physiological value and chemical versatility. Owing to the 
presence of at least two functional groups (α-amino and α-carboxyl), the AAs can be used 
as building blocks for creating synthetic analogs of proteins having non-proteinaceous 
molecular architecture – biomimetics. Various biomimetics free of said limitations of 
proteins were constructed and studied. They are discussed in brief below. 

Poly(α-amino acid)s. The first biomimetics were poly(α-amino acid)s (PAAs). The 
PAAs, ab-type polymers with conventional proteinaceous “head-to-tail” molecular 
architecture (assuming the α-amino group is “head” and the α-carboxyl group is “tail”), 
have been synthesized and studied by many famous chemists [35, 48]. The studies 
revealed that most of the PAAs are not suitable biomedical materials due to their 
immunogenicity caused by proteinaceous molecular architecture, along with unfavorable 
physical-chemical characteristics. 

Polydepsipeptides. An important family of biomimetics are polydepsipeptides (PDPs) – 
ab-type polymers entirely composed of naturally occurring components – AAs and α-
hydroxy acids [14, 57]. A depsipeptide represents a peptide in which one or more amide -
C(O)NHR- groups are replaced by the corresponding ester -C(O)OR-. Initially, PDPs were 
synthesized by step-growth polymerization (SGP) of activated esters of linear depsipeptide [55]. 
This multi-step synthetic is complex, expensive, and inadequate for large-scale preparation of 
PDPs. In 1985 Feijen et al. [16] reported on the alternative synthetic pathway to PDPs by ring-
opening polymerization (ROP) of cyclic depsipeptides – morpholine-2,5-diones. 
Subsequently, a large family of degradable biomaterials was synthesized by other researchers as 
well (see Ref. [12] and Refs. cited therein). The main limitations of the synthesis of PDPs via 
the ROP are the use of toxic tin-organic catalysts, low yields of starting monomers, and 
formation in some cases of low-molecular-weight compounds. The PDPs and their copolymers 
have a potential for applications as biomaterials for controlled drug delivery, in tissue 
engineering devices such as scaffolds, implants, shape-memory materials, etc. [12]. 

Pseudo-poly(amino acid). Highly promising biomimetics are so-called pseudo-
poly(amino acid)s (PPAAs), the backbones of which are constructed by utilizing the side-
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chain functional groups of suitably modified trifunctional AAs or dipeptides made of 
them [37]. The various classes of PPAAs – polyesters (PEs), polyamides (PAs), poly-
ureas (PUs), polyurethanes (PURs), polyarylates/polycarbonates with a wide range of 
structures and properties were synthesized and studied. The PPAAs-PEs were pioneered 
by Langer, Kohn, Spassky, and co-workers [3, 37] from naturally occurring hydroxy-AAs 
such as hydroxyproline and serine. Thermal polycondensation of N-substituted trans-4-
hydroxy-proline resulted in the PPAA-PEs of valuable material properties [37]. N-
benzyloxycarbonyl(Z)-protected hydroxyproline was used for synthesizing biodegradable 
cationic poly(trans-4-hydroxy-L-proline ester) [41] capable to form nanocomplexes with 
DNA. The cationic PE was promising for the covalent attachment of drugs or biologically 
active compounds [41]. The serine-based high-molecular-weight PE was synthesized by 
ROP of N-protected-L-serine-β-lactones [13]. The main limitations of the PPAA-PEs are 
complex monomer synthesis, low monomer yield and stability, and narrow range material 
properties. The PPAAs-PEs are more appropriate for constructing biodegradable drug 
delivery systems. 

Generally, the PPAAs could be made either by (a) homopolymerization of one hetero-
bifunctional AA-based monomer or (b) copolymerization of homobifunctional AA-based 
monomer with non-AA comonomer (diacids, diols, diamines, diisocyanates, etc.). The 
process (a) belongs to the ab-type and process (b) to aa-bb type SGP. Process (a) was 
discussed above [13, 37, 41], and process (b) will be considered below. 

Various aa-bb type PPAA-PAs were obtained based on homobifunctional α-amino-
dicarboxylic acids such as N-protected aspartic and glutamic acids under the conditions 
of Solution Active Polycondensation (SAP) [20, 33]. For this, the said N-protected 
diacids were transformed into the corresponding homobifunctional monomer – activated 
diesters which, after interaction with fatty diamines, resulted in high-molecular-weight 
PPAA-PAs [18]. 

C-protected diamino-α-carboxylic acids lysine – is one of the most suitable 
homobifunctional AA-based monomer for synthesizing PPAA-PAs, due to its 
physiological value and vast availability. The stable derivatives of C-protected lysine 
esters (methyl ethyl, benzyl) such as Nα,N�-bis-(trimethylsilyl) derivatives, or salts such 
as bis-p-toluenesulfonate or dihydrochloride, were used as diamines for preparing 
PPAAs-PAs [29, 62]. 

Trimethylsilylated amino groups are highly reactive and smoothly interact with bis-
electrophiles – dichlorides and activated diesters without preliminary desilylation of 
amino groups resulting in high-molecular-weight PPAA-PAs [29, 62]. Representative 
synthesis of PAs through a trimethylsilylated amino-monomer is demonstrated in Fig.1 
for Nα,N�-bis-(trimethylsilyl) lysine ethyl ester (S2LE). 

The SAP of bis-trimethylsilylated diamines with activated diesters represents a new 
polyamidation reaction first reported in 1985 [29]. This new reaction was successfully 
used by Munoz-Guerra et al. [4] for synthesizing functional polytartaramide entirely 
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composed of naturally occurring building blocks; Couffin-Hoarau et al. [7] synthesized 
water-soluble polyelectrolytic drug carrier – highly functional poly-(L-lysine citramide)s. 
PPAA-PAs entirely composed of α-amino acids – poly-iso-peptides1 were synthesized by 
SAP of activated diesters of N-protected α-amino dicarboxylic acids with silylated lysine-
based monomers [28]. Using the new polyamidation reaction Bechaouch et al. [2, 3] 
obtained a fully protected poly(L-cystyl-L-cystine). These new materials contain S-S 
bonds in the polymeric backbones and belong to the class of reductively degradable 
polymers [56] which can be used in biomedicine, e.g. as drug delivery systems. 

Fig. 1. Synthesis of lysine-based PPAA-PAs 

Bis-trimethylsilylated lysine and cystine were successfully used for synthesizing of 
PPAAs – polyureas (PUs). The PUs were obtained via two alternative ways – by the 
interaction of bis-trimethylsilylated lysine ethyl ester with lysine-based diisocyanate 
(methods A) [53], or by the interaction of trimethylsilylated monomer with activated di-p-
nitrophenylcarbonates (methods B) [24]. 

The Lysine-based diisocyanate was successfully used for synthesizing another class of 
PPAAs – polyurethanes (PURs) by SGP with fatty diols in the melt [26]. The lysine-
based PPAA-PURs were also synthesized by solution SGP of trimethylsilylated lysine 
monomer with diol-bis-chloroformates [23] or activated diol-bis-carbonates [25]. 

Interesting PPAA-PAs containing tripeptide fragments in the backbones were synthesized 
by solution SGP of trimethylsilylated lysine-based monomer with bis-azlactones [30]. 

One of the most promising representatives of the PPAAs are tyrosine-based polymers 
which were pioneered by Kohn and Langer in 1987 [37]. The key monomers for 

                                                 
1 The term “iso-peptides” was coined by Prof. H.Sekiguchi [24]. 
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synthesizing this class of PPAAs are tyrosine-based bis-phenols such as tyrosine 
dipeptide and desaminotyrosyl-tyrosine [11, 51, 52]. 

2. PSEUDO-PROTEINS (PPS) 

The biomimetics made of dimerized AAs – bis-(α-amino acid)-alkylene diesters – 
DADEs (Fig. 2) are called as pseudo-proteins (PPs) [62]. 

H2N-CH(R)-CO-O-R’-O-CO-CH(R)-NH2 

Fig. 2. The key AA-based monomers – DADEs for synthesizing pseudo-proteins. 

Synthsis of PPs. Bis-(α-amino acid)-alkylene diesters are synthesized as stable di-p-
toluenesulfonic acid salts (TDADEs) via a very simple and cost-effective procedure – 
direct thermal condensation of two moles of α-amino acids with one mole of diols in the 
presence of two moles of p-toluenesulfonic acid, TosOH (Fig. 3). 

The TDADEs are the universal bis-nucleophilic monomers which, after interacting with 
various bis-electrophiles (Fig. 4), lead to the synthesis of three basic classes of the PPs 
such as poly(ester amide)s (PEAs), poly(ester urethane)s (PEURs), and poly(ester urea)s 
(PEUs) (Figs 5-7). 

Fig. 3. Synthesis of diamine-diester monomers (TDADEs) 

The key bis-electrophilic monomers for synthesizing the said classes of the PPs are 
activated diesters and chlorides of various classes, and bis-azlactones (Fig. 4). 

Through varying the bis-electrophilic monomers, it is possible to construct different 
classes of the PPs. Diacid chlorides and activated diesters of diacids are used for 
synthesizing the PEAs, diol-bis- chloroformates, and activated bis-carbonates of diols – 
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the PEURs, phosgene/triphosgene, and activated carbonates – the PEUs (Figs 5-7). The bis-
azlactones are useful monomers for modifying PPs thermally and hydrophobically [36]. 

The two basic techniques of the SGP – Interfacial Polycondensation (IP) and Solution 
Active Polycondensation (SAP) were applied to the synthesis of the PPs of various 
classes (Figs 5-7). 

                    Clorides                                 Activated diesters               Bis-azlactones 

Fig. 4. Some key bis-electrophilic monomers 

The IP is carried out at room temperature (or below it) in a two-phase system: 
hydrophobic organic solvent/water. Among organic phases, preference should be given to 
solvents which dissolve the PPs – chloroform or dichloromethane. 

The inorganic salts (mostly sodium carbonate) was used as TosOH and HCl acceptor [32, 
33]. The IP is applicable to hydrophobic bis-electrophilic monomers such as sebacoyl 
chloride (ClCO-(CH2)8-COCl) or higher diacid chlorides, also for phosgene/triphosgene 
(Figs 5-7). The SAP, based on the utilization of various activated diesters (Figs 5-7), is 
useful in cases when either short chain and less hydrophobic bis-electrophilic monomers 
(e. g. derivatives of succinic acid, adipic acid [1, 22]), or TDADEs containing 
unprotected lateral functional groups [46] are used as monomers. 

The SAP proceeds in solution (normally dimethylacetamide or dimethylsulfoxide) in the 
presence of a tertiary amine. High reproducibility of molecular weight characteristics of 
the polymers is a merit of SAP. This is an important issue for the polymers destined for 
medical applications. 

The first representative of the PPs family having valuable material properties was 
reported in 1994 [1]. These were PEAs composed of L-phenylalanine, adipic acid, and 
fatty diols which showed a high-molecular mass and excellent film-forming properties. In 
1999 the family of PP-PEAs was substantially expanded using other hydrophobic AAs, 
dicarboxylic acids and fatty diols [21]. Later on, other classes of PPs such as PEURs, 
PEUs [33], and aa-bb type PDPs [49] were obtained, as well. 
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Fig. 5. The synthesis of PPs-PEAs 

Fig. 6. The synthesis of PPs-PEURs 
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Fig. 7. The synthesis of PPs-PEUs 

The synthesis of PPs can be carried out using the monomers containing functional groups 
that have the ability to further transformations. Functional PPs containing unsaturated 
double bonds were synthesized by SAP of TDADEs with di-p-nitrophenyl fumarate [5]. 
Analogously were synthesized epoxy-functionalized PPs (epoxy-PP-PEAs) by SAP of 
TDADEs with di-p-nitrophenyl trans-epoxy-succinate [61]. The obtained unsaturated PP-
PEA and epoxy-PP-PEAs are capable to be subjected to chemical, thermal, and photochemical 
transformations, as well as to be used for covalent attachment of various drugs and 
bioactive compounds or for farther functionalization. An interesting surfactant being at 
the same time PEGylating agent for nanoparticles was obtained by covelent attachment of 
amino-PEG to epoxy-PEA [19]. A library of cationic PPs was synthesized using AA arginine 
[46]. The cationic PPs showed excellent cell compatibility [46] and bactericidal activity [34]. 

Basic properties of PPs. A variety of building blocks, synthetic methods, and classes of 
the polymers allow tuning the structure and material properties of the PPs in the widest 
range. Most of PPs are well-soluble in organic solvents. The molecular weights of the PPs 
are varying within 24.000 – 167.000 Da (Mw), polydispersity within 1.20-1.81. The 
thermal characteristics of the PPs are also within a wide range: glass transition tem-
perature (Tg) varies within 5-102°C and some of the PPs (PEAs and PEUs) are semi-
crystalline with melting temperatures (Tm) within 103-165°C. The mechanical properties 
of PPs vary in a wide range: tensile strength from 15-20 (PEURs and some PEAs) to 80-
100 MPa (PEUs and some PEAs), tensile elongation at break from 8-100 (PEUs and 
some PEAs) to 800-1000% (PEURs and some PEAs), tensile Young’s modulus up to 6 
GPa (some PEAs and PEUs) [33]. 

The PPs can degrade by both chemical (nonspecific) and enzymatic hydrolysis with a 
reasonable rate ranging within V = 10-3-10-1 mg/(cm2h) [31, 33, 58]. The biodegradation 
of the PPs proceeds by erosive mechanism without compromising bulk properties – what 
is important when constructing both resorbable surgical devices and therapeutic (drug 
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delivery) systems. The biodegradation rate can be tuned by impregnated or surface-
immobilized enzymes [58, 59]. Owing to the non-proteinaceous architecture, PPs show 
low to zero immunogenicity [33]. 

Materials based on PPs. A huge variety of materials can be obtained based on Pseudo-
proteins. The same of them and their application are discussed here in brief. 

One of the earlier applications of PPs was elastic wound dressing materials (“artificial 
skin”) “PhagoBioDerm” – a biocomposite material made of PP-PEAs degradable matrix 
and containing bacteriophages. The “PhagoBioDerm” was effectively used as a wound 
bandage to treat poorly healing wounds, e.g. trophic ulcers [43]. The preparation was also 
effective in the treatment of multidrug-resistant S.aureus-infected local radiation injuries 
caused by exposure to 90Sr [17]. 

The elastomeric PP-PEA has long-term biocompatibility and great coating properties [6, 
40] was used as a coronary stent coating, which can block uncontrollable cell growth and, 
hence, restenosis [10]. 

The material obtained on the basis of the PP-PEU composed of L-phenylalanine and 1,6-
hexane-diol showed Young’s modulus up to 6.1 ± 1.1 GPa. These are the first degradable 
polymeric constructs with moduli in the range of 6.0 GPa, which is substantially higher 
than the moduli of other, commer-cially available polyesters widely used in regenerative 
medicine and for orthopedic applications. 

PPs are also suitable materials for preparing porous scaffolds with tunable pore sizes 
destined for cells cloning and subsequent application to treat a large area of burnt skin. 
The PPs easily form microspheres that can be used as containers for sustainable 
drug/factor delivery for supporting transplanted cells in vivo [38, 44, 45]. 

PPs are also suitable for fabricating stable and biocompatible nanoparticles promising as 
drug delivery containers [18]. Nanoparticles made of PPs penetrated through ophthalmic 
barriers [60]. 

The leucine-based PP-PEU was used as an ideal electrospun nanofibers for the effective 
incorporation of drugs with bactericidal activity biguanide derivatives such as clorhexidine and 
polyhexamethylenebiguanide [8]. The PP-PEU was also employed as an electrospun 
matrix able to encapsulate bacteriophages [9]. The electrospun bactericidal fibers are 
excellent soft dressings for the treatment of infected superficial burns, wounds, and 
ulcers. It is important to note that the biodegradable dressing does not stick to the wound 
and is removed spontaneously after complete healing of the wound/skin. 
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biomedicinis progresis erT-erTi ganmsazRvreli faqtoria axali 

Tvisebebis biomasalebis Seqmna. am mimarTebiT gansakuTrebul interess 

imsaxurebs biodegradirebadi masalebi bunebrivi α-aminomJavebis (AAs) 
safuZvelze. AAs mravalferovneba maT safuZvelze unikaluri, kompleqsuri 
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biomimetikebs. maTi gamoyenebis sfero moicavs forovan skafoldebs 

regulirebadi zomis forebiT, ujredebis klonirebisTvis didi zomis 

damwvrobebis samkurnalod; degradirebad polimerul konstruqciebs 

regeneraciul medicinasa da orTopediaSi gamoyenebisTvis; koronaruli 

stentis safar masalebs; `xelovnur kans~; mikro- da nanonawilakebs – 

wamlebis mdgradi miwodebis konteinerebs; eleqtrodarTul matriqsebs 

baqteriofagebis kafsulirebisTvis; eleqtrodarTul nanoboWkoebs baqte-

riciduli preparatebis CarTvis unariT – rbil saxvev masalebs, infi-

cirebuli zedapiruli damwvrobebis, Wrilobebisa da wylulebis samkur-

nalod da a.S. 

ИСКУССТВЕННЫЕ ПОЛИМЕРЫ НА ОСНОВЕ α-АМИНОКИСЛОТ – 
БИОМИМЕТИКИ БЕЛКОВ 

Дареджан Харадзе1,  Тина Омиадзе1,  Лариса Кирмелашвили1,   
Рамаз Кацарава2 
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РЕЗЮМЕ 

Одним из определяющих факторов развития биомедицины является разработка 
биоматериалов с новыми свойствами. Особый интерес в этом отношении представляют 
биодеградируемые материалы на основе природных α-аминокислот (АК). Разнообразие АК 
позволяет синтезировать биоматериалы – биомиметики – с уникальным комплексом 
свойств. Представленный краткий обзор посвящен синтезу высокомолекулярных соедине-
ний различных классов на основе АК, и их применению в качестве биодеградируемых 
биоматериалов. Особое внимание уделяется семейству псевдобелков (ПБ) – одному из 
самых перспективных биомиметиков. К области применения ПБ относятся: пористые 
скаффолды с регулируемым размером пор для клонирования клеток с целью лечения 
больших участков обожженной кожи, деградируемые полимерные конструкции для 
регенеративной медицины и для ортопедических применений, покрытия коронарных 
стентов, «искусственная кожа», микро- и наночастицы в качестве контейнеров для доставки 
лекарств, электропряденая матрица, способная инкапсулировать бактериофаги, электро-
пряденые нановолокна для включения лекарств с бактерицидной активностью – мягкие 
повязки для лечения инфицированных поверхностных ожогов, ран, язв и т. д. 
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НЕКОТОРЫЕ ХАРАКТЕРИСТИКИ НЕЙРОНОВ 
РЕТИКУЛЯРНОГО ЯДРА ТАЛАМУСА 
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На взрослых, обездвиженных (введением d-тубокурарина), наркотизированных 
хлоралозой (10-20 мг/кг) кошках исследовали влияние раздражения специфических и 
неспецифических ядер таламуса на активность нейронов ретикулярного ядра 
таламуса (РЯТ). В активности нейронов РЯТ наблюдалось генерирование пиковых 
потенциалов разной амплитуды. Было показано, что на раздражение срединного 
центра или вентро-постеро-латерального ядра таламуса вначале возникает пиковый 
потенциал меньшей амплитуды, за которым на стимуляцию специфического ядра 
следует гиперполяризация и пиковый потенциал большой амплитуды, а при 
раздражении неспецифического ядра – оба спайка повторяются несколько раз. 
Генерация одного потенциала действия не препятствует генерации другого, а также 
пиковый потенциал меньшей амплитуды может возникнуть на восходящей или 
нисходящей фазе пикового потенциала большой амплитуды. Можно утверждать, что 
пиковые потенциалы меньшей амплитуды, возникающие в нейроне РЯТ, дендритного 
происхождения. Нейроны РЯТ каждый раз должны разряжаться распространяющи-
мися пиковыми потенциалами, чтобы без утечки оказывать свое модулирующее 
влияние. 

Ключевые слова: ретикулярное ядро таламуса, нейрон, кошка 

Исследование интегративных процессов, разыгрывающихся в разных структурах и 
на разных уровнях головного мозга, важно для выяснения функции отдельных 
образований головного мозга и их роли в его целостной деятельности. 

Ретикулярная система, которая включает образования ствола и промежуточного 
мозга, несет определенную нагрузку как в регуляции активности других частей 
центральной нервной системы, так и в ее деятельности в целом [10]. 

Среди ретикулярных образований особое внимание заслуживает ретикулярное ядро 
таламуса (РЯТ), которое занимает исключительное стратегическое расположение 
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между неокортексом и другими подкорковыми структурами головного мозга. Через 
РЯТ проходят волокна, принадлежащие как к подкорково-корковым, так и корково-
подкорковым проекциям и каждая система оказывает здесь свое влияние. В свою 
очередь, нейроны РЯТ устанавливают синаптические контакты почти со всеми 
областями таламуса [11, 21, 22, 25]. 

Физиологическими исследованиями установлено, что нейроны РЯТ группируются 
соответственно модальности сенсорного входа. Идентифицированы три группы 
нейронов: нейроны передней части РЯТ, отвечающие на соматосенсорные сти-
мулы, нейроны задне-дорсальной части, реагирующие на зрительные стимулы и 
нейроны задне-вентральной области РЯТ, отвечающие на звуковые раздражения. В РЯТ 
встречаются нейроны, которые получают также разномодальную информацию. 

Клетки РЯТ средних (20-30 мкм) и крупных (30-40 мкм) размеров, мультиполярны 
[11, 21]. Дендриты нейронов РЯТ длинные и покидают тела клеток тотально. 
Нейроны разных областей РЯТ отличаются друг от друга и дендритными 
ветвлениями. Так, для дендритных поверхностей нейронов ростральной части РЯТ 
характерно наличие множества синаптических контактов и ножкоподобных 
придатков, завершающихся маленькими узлами или расширениями, тогда как для 
нейронов дорсо-латеральной части РЯТ характерным является тотальное 
отсутствие дендритных шипикообразных придатков и богатых синаптических 
контактов. Дендриты всех частей РЯТ длинные и могут прослеживаться на 
протяжении 1 мм и более от тела клеток. Характерной особенностью для нейронов 
РЯТ является наличие дендро-дендритных синапсов [3, 25]. 

Еще Джаспер [9] на основании собственных наблюдений предполагал, что нейроны 
РЯТ получают афферентные коллатерали из классических сенсорных путей. Это 
предположение в дальнейшем было подтверждено многими морфологическими и 
физиологическими исследованиями [1, 2, 11, 12, 22, 25]. Использование вне- и 
внутриклеточного отведения активности нейронов показало, что нейроны РЯТ 
активируются моносинаптически после раздражения зрительной коры и дисинап-
тически при стимуляции оптического тракта. Тестом коллизии удалось установить, 
что возбуждение нейронов РЯТ вызывается общим механизмом – возбудительными 
связями через аксонные коллатерали релейных нейронов наружного коленчатого 
тела [11, 12, 18]. 

Аксоны нейронов РЯТ крупного калибра дают множество коллатералей в пределах 
ядра, часть которых тут же заканчивается и устанавливает синаптические связи на 
дендритах собственных нейронов или непосредственно на соседних клетках РЯТ. 
Другие ветви коллатералей тех же нейронов оканчиваются на более отдаленных 
нейронах в пределах ядра. Большинство аксонов нейронов РЯТ направляются назад 
и оканчиваются в разных подкорковых ядрах. Некоторые исследователи пришли к 
выводу, что нейроны как специфических, так и неспецифических ядер таламуса 
могут получать синаптические связи от одного и того же нейрона РЯТ, заключая, 
тем самым, широкую коллатерализацию проекции нейронов РЯТ [11, 18, 22]. 
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На взрослых, наркотизированных хлоралозой (10 – 20 мг/кг) кошках исследовали 
реакции нейронов ретикулярного ядра таламуса на раздражение разных ядер 
таламуса. Активность нейронов РЯТ регистрировали стеклянными микроэлектро-
дами. Стеклянными микроэлектродами служили микропипетки, заполненные 3 М 
раствором цитрата калия или натрия. Диаметр кончиков микроэлектродов не 
превышали 1.5 мкм, сопративление – 15-40 мОм. 

Части латеральной и супрасильвиевой извилин удаляли отсасыванием, боковой 
желудочек открывали и обнажали головку хвостатого ядра и фимбрию гиппокампа, 
которые служили ориентирами для введения микроэлектрода в РЯТ. 

Из всех внутриклеточных записей активности нейронов РЯТ в трех случаях нам 
удалось обнаружить следующее: в спонтанной активности нейронов наблюдалось 
генерирование пиковых потенциалов разной амплитуды, представляющее весьма 
единообразную группу явлений (рис. А, Б). 

 
Рис. Внутриклеточная запись активности нейрона РЯТ в ответ на раздражение (30 мкА, 0.5 
мс) вентро-постеро-латерального ядра (В, Г) и срединного центра таламуса (Д, Е). А, Б – 
спонтанная активность нейрона. Стрелки указывают моменты происхождения дендритных 
потенциалов. Калибровка – А, В, Г, Д, Е – 4 мс, 20 мВ, Б – 80 мс, 20 мВ 
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Основываясь на их амплитуде и возникновения разрядов в данной клетке можно 
различать два повторяющихся типа ответов – большой и меньшей (показано стрел-
ками) амплитуды. На рис. видно, что каждый раз оба потенциала имеют постоян-
ную амплитуду и временное течение. Можно предполагать, что эти два пика 
представляют собой активность, генерирующую в различных участках нейрона. 
Следует особо отметить, что генерация одного потенциала действия не препятст-
вует генерации другого, т.е. не обусловливает взаимную рефрактерность. На 
рисунке видно, что пиковый потенциал меньшей амплитуды может возникнуть на 
восходящей или нисходящей фазе пикового потенциала большой амплитуды (А, Б). 
Наиболее вероятное предположение из этих фактов, а также учитывая, что 
вероятность попадания микроэлектрода в сому клетки больше, чем в дендритах, 
сводится к тому, что пиковый потенциал меньшей амплитуды генерируется где-то 
на дендритах. Пиковый потенциал большой амплитуды, очевидно, является сома-
тическим. Показано, что дендриты нейронов РЯТ крупного калибра, что лишный 
раз дает право для предположения возникновения в них потенциалов, подчи-
няющихся закону “все или ничего”. 

Следует отметить, что на раздражение срединного центра (неспецифического) или 
вентро-постеро-латерального (специфического) ядра таламуса вначале возникает 
пиковый потенциал меньшей амплитуды, за которым на стимуляцию специфи-
ческого ядра таламуса следует гиперполяризация и пиковый потенциал большой 
амплитуды (В, Г), а при раздражении неспецифического ядра – оба спайка повто-
ряются несколько раз (Д, Е). 

Хорошо известно, что для осуществления интеграции в Шеррингтоновском смысле 
[23], воспринимающая часть нейрона – дендриты – должны суммировать 
градуальные возбуждающие или тормозящие действия. Однако, показано, что 
хроматолизированные спинальные мотонейроны могут генерировать дендритные 
пиковые потенциалы [4, 13, 15]. В хроматолизированных мотонейронах каждый 
дендрит может генерировать потенциал действия, который проводится к соме, а 
собственно сома является местом суммации пиков, приходящих от различных 
дендритных сегментов. Впоследствии были описаны дендритные пиковые потен-
циалы при внутриклеточном отведении активности нейронов гиппокампа и новой 
коры [14, 24]. Несмотря на это, вопрос оставался открытым: потенциалы меньшей 
амплитуды являются действительно дендритными пиками, или они являются 
локальными ответами декрементной природы. Окончательный ответ на вопрос был 
получен при интрадендритном отведении активности от клеток Пуркинье мозжечка 
[16], т.е. дендриты некоторых нейронов центральной нервной системы способны 
генерировать пиковые потенциалы. 

Наши данные, иллюстрированные на рисунке, не дают право с уверенностью 
утверждать, что пиковые потенциалы меньшей амплитуды, возникающие в нейроне 
РЯТ, дендритного происхождения, но, вместе с тем, они по некоторым критериям 
имеют сходство с дендритными распространяющимися потенциалами, которые 
были описаны в других работах. А именно, как уже отмечалось выше, активность 
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отводили внутрисоматически (вероятность попадания в соме больше, чем в других 
частях нейрона), пиковые потенциалы меньшей амплитуды возникали по закону 
“все или ничего”, они всегда одинаковой амплитуды и продолжительности, 
генерация одного потенциала большой амплитуды, не препятствует возникновению 
другого потенциала меньшей амплитуды – говоря иначе, они не обусловливают 
взаимную рефрактерность. 

Следует тут же отметить, что регистрируемый нейрон РЯТ не является повреж-
денным, ибо запись активности нейрона проводили более 35 минут. Доказано, что 
поврежденные нейроны можно регистрировать не более 10-15 мин. [27]. 

Интерес к РЯТ особенно возрос после 60-х годов прошлого столетия, когда 
Шейбель и Шейбель [21, 22] заявили о возможном обратном тормозном влиянии 
РЯТ на другие таламические ядра. Говоря иначе, предполагается механизм 
фильтрации афферентных импульсов, идущих в сторону неокортекса. 

В дальнейшем было показано, что: 

1. Ретикулярное ядро играет важную роль в организации самых ранних связей 
между корой и таламусом [19]. 2. У лиц с хронической невропатической болью 
наблюдается значительное уменьшение объема ретикулярного ядра таламуса [6]. 3. 
Во время локомоции РЯТ по-разному блокирует таламокортикальные сигналы, 
передаваемые во время разных фаз шага, по отношению к разным частям 
конечности и типу движения [17]. 4. Высокочастотное раздражение таламического 
ретикулярного ядра обладает антиэпилептогенным эффектом и может изменять 
синхронизацию приступов и прерывать аномальную электрическую активность в 
таламо-кортикальных системах [20]. 5. Предполагается роль РЯТ в когнитивных 
нарушениях при болезни Альцгеймера [26]. 6. Разные подтипы нейронов TRN по-
разному вносят вклад в обработку устойчивой ноцицепции, вызванной форма-
лином, у свободно движущихся мышей [8]. Поэтому, можно считать весьма оправ-
данным способность нейронов РЯТ генерировать дендритные распространяющие 
импульсы. На такое предположение дает право как стратегическое положение, так 
и функциональное назначение РЯТ. Поэтому, нейроны РЯТ каждый раз должны 
разряжаться распространяющимися пиковыми потенциалами, чтобы без утечки 
оказывать свое модулирующее влияние. 
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SOME CHARACTERISTICS OF NEURONS IN THE RETICULAR NUCLEUS 
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1 Iv. Beritashvili Center for Experimental Biomedicine, Department of Neurophysiology, 
Tbilisi, Georgia;  2 Department of Orthopedic Dentistry and Maxillofacial Orthopedics at 
TSMU, Tbilisi, Georgia 

 SUMMARY 

Generation of spike potentials of different amplitudes was observed in the activity of NRT 
neurons. The generation of one action potential does not interfere with the generation of another, 
and a peak potential of smaller amplitude can occur at the ascending or descending phase of the 
spike potential of large amplitude. It can be argued that the spike potentials of lower amplitudes 
arising in the NRT neuron are of dendritic origin. 
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ACUTE CORONARY SYNDROME DEFINITION, PATHOGENESIS 
AND MODERN DIAGNOSTIC METHODS 
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ACS is the leading cause of death around the world. It is divided into two groups based on 
presenting typical ischemic symptoms and changes in EKG (STEMI with persistent elevation 
of ST segment and NSTEMI +UA without elevation of ST segment). Knowing the difference 
between these two is important because the treatment protocols are similar but different 
(STEMI requires immediate revascularisation or thrombolysis, while in NSTEMI and UA 
PCI can be done in 72 hours or the patient can be observed a PCI delayed). The modern diagnostic 
methods have greatly decreased the diagnosis delay, made treatment faster and decreased both 
morbidity and mortality. ECK, TECHO, CMR and Cardiac Markers have made it possible. All of 
these diagnostic tests increase the detection of ACS and greatly help in mimicking diseases with 
similar symptoms like chest pain and/or elevated troponin levels or decreased wall motion. 

Key words: acute coronary syndrome, myocardial infarction, unstable angina 

ABBREVIATIONS AND ACRONYMS 

ACS – Acute coronary syndrome 

AMI – Acute myocardial infarction 

CABG – Coronary artery bypass graft 

CAD – Coronary artery disease 

CK – Creatine kinase 

CKD – Chronic kidney disease 

CKMB – Creatine kinase myocardial band 

CMR – Cardiac magnetic resonance 
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CS – Cardiogenic shock 

CT – Computed tomography 

CVD – Cardiovascular disease 

DAPT – Dual antiplatelet therapy 

DES – Drug-eluting stent 

ECG – Electrocardiogram / Electrocardiography 

Echo – Echocardiogram 

ESC – European Society of Cardiology 

GERD – Gastroesophageal reflux disease 

hs-cTn – High-sensitivity cardiac troponin 

IVUS – Intravascular ultrasound 

LBBB – Left bundle brunch block 

LDL – Low-density lipoprotein 

LDLC – Low-density lipoprotein cholesterol 

MI – Myocardial infarction 

NSTE-ACS Non-ST – Segment elevation acute coronary syndrome 

NSTEMI Non-ST – Segment elevation myocardial infarction 

PAD – Peripheral artery disease 

PCI – Percutaneous coronary intervention 

RBBB – Right bundle bunch block 

SPECT – Single-photon-emission tomography 

STEMI ST – Segment elevation myocardial infarction 

UA – Unstable angina 
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Definition of ACS 

The clinical presentations of ACS are vast and can range from mild cardiac pain to CS to 
cardiac arrest. The most commonly encountered symptoms in patients with ACS are chest 
region discomfort including pain, pressure sensation, tightness from inside, burning pain. 
The symptoms that are now considered to be equivalent to the chest pain are choking 
sensation, dispone, epigastric pain and pain radiation to the left shoulder and arm [2]. 
ACS is composed of three closely related syndromes: STEMI, NSTEMI and UA, but 
based on the treatment protocols, another division into two groups of patients based on 
ECK is commonly used: Patients presenting with chest pain and/or equivalent of chest 
pain and showing ST segment elevation on ECG. The elevation should be persistent in 
time, as short timed “transient” < 20 minutes elevations are considered to be a part of 
NSTEMI syndrome. This usually indicates a total coronary artery occlusion that supplies 
the whole thickness of the myocardial wall or occlusion of the vessels supplying the outer 
epicardial part of the myocardium. The current guidelines for STEMI indicate the 
reperfusion with PCI or thrombolysis if the reperfusion is not available [2]. “Patients with 
acute chest discomfort but no persistent ST-segment elevation [non-ST-segment elevation 
ACS (NSTEACS)] exhibit ECG changes that may include transient ST-segment 
elevation, persistent or transient ST-segment depression, T-wave inversion, flat T-waves, 
or pseudonormalization of T-waves; or the ECG may be normal [2]. The pathological 
situation occurring at the cellular level is myocardial necrosis (both STEMI and 
NSTEMI) or less often myocardial ischemia without cell necrosis (UA). 

Universal definition of myocardial infarction 

AMI is defined as necrosis of cardiomyocytes in a setting associated with ischemia in the 
heart. To establish a diagnosis of MI a number of criteria must be met, including increase 
and/or decrease in the levels of the cardiac biomarkers (the most often used biomarker 
nowadays is cardiac troponin) plus at least one of the following: 

1. Symptoms and signs of ACS 

2. Development of new ischemic changes in ECG 

3. Ischemic (pathologic) Q-waves 

4. Evidence of myocardial hypokinesia or akinesia on heart ultrasound or CMR 

5. Thrombus in the coronary arteries detected during PCI or postmortem autopsy [2]. 

Unstable angina 

As previously mentioned, UA is defined as myocardial ischemia at rest or minimal 
physical exertion without myocyte injury/necrosis. After the introduction of hs-cTn as a 
routine test in ACS, the number of detected MI cases increased leading to a symmetrical 
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decrease in the number of UA cases. Obviously before the more sensitive troponin testing 
a lot of MI cases with no changes in ECK were diagnosed as UA [1, 8-10, 12]. Even 
though treatment protocols for NSTEMI and UA are same, the patients with UA have a 
lower risk of death and lower benefit from PCI and loading dose of antiplatelet 
medications. 

Diagnosis of ACS 

The chest pain can be caused by many different clinical conditions like MI, GERD, 
anxiety, etc. And the symptoms of ACS can also mimic different diseases (chest burning 
pain mimicking GERD, epigastric pain mimicking gastric ulcer, shortness of breath 
mimicking heart failure), sometimes making the establishment diagnosis even for the 
experienced physician is quite difficult. The modern medicine offers many tools and tests 
to assist us in making the diagnosis of STEMI, NSTEMI and UA, decreasing the time 
before treatment and thus, decreasing morbidity and mortality. Here the most common 
diagnostic tests and their advantages and limitations are briefly discussed. 

ECG 

ECG is used as the most common tool in detecting cardiac anomalies because of wide 
availability, speed, low cost, no side effects and relatively high sensitivity and specificity. 

 
Fig. 1. Eur. Heart J., ehaa575, https://doi.org/10.1093/eurheartj/ehaa575 
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ECG is recommended to be done in 10 minutes after arrival of the patient to hospital or 
ideally by the paramedic group during the first encounter with the patient with cardiac 
ischemia symptoms. The 12 lead standard ECK are usually done and additional leads (for 
example V7-V9 in suspected left circumflex artery occlusion) can be added if necessary. 
In an ideal clinical case scenario an old ECK of the patient should be available for 
comparison because some of the new changes in EKG like LBBB or RBBB indicate 
AMI, while same changes being present on both old and new ECK point to the diagnosis 
other than MI. If the old LBBB/RBBB is confirmed and we still suspect MI, Sgarbossa’s 
criteria may help in establishing the diagnosis. “While the ECG in the setting of NSTE-
ACS may be normal in more than 30% of patients…” [1], these data indicate a need of 
cardiac troponin testing alongside with the ECG to make the diagnosis more accurate. 
The below figure shows the algorithm of differential diagnosis in suspected ACS. The 
initial assessment and the further treatment are dependent on presenting symptoms of the 
patient, troponin concentrations and the standard 12 lead ECK. 

Cardiac Biomarkers 

Cardiac markers compliment the ECK and help in diagnosis and further treatment of 
ACS. These include troponins, CK, CKMB, myoglobin, etc. Cardiac troponins I and T 
are significantly more sensitive and specific than other cardiac markers and therefore 
more widely used. The elevation of cardiac troponins above the 99th percentile in 
association with ischemic symptoms indicates MI. In high-sensitivity tests elevated 
troponin levels can be detected as early as 1 hour after start of the symptoms and can stay 
elevated up to several days [2, 6-13]. 

Despite the wide use of troponin in diagnosis of ACS, many other diseases (for example, 
myocarditis, Takotsubo syndrome and aortic dissection and pulmonary embolism, which 
also can present with chest pain) cause an increase in troponin levels. Therefore, this 
syndrome should also be considered as differential diagnosis in elevated troponin levels. 
Although being less sensitive and specific than troponin, CKMB shows more rapid 
decline after MI and this feature can be useful in detecting early reinfarction along with 
dynamic changes with ECK. 

Noninvasive imaging 

There are several diagnostic tools to measure heart function and detect cardiac anomalies 
including transthoracic echocardiography (TECHO), CMR, SPECT. There we discuss the 
most often used ones: TECHO and CMR. TECHO is the most widespread tool and is 
present in most cardiologic clinics. TECHO can detect cardiac wall motion anomalies (for 
example, segmental hypokinesia or akinesia) and also detect other cardiac diseases that 
can induce chest pain like pulmonary embolism or aortic dissection. “Moreover, stress 
echocardiography has demonstrated superior prognostic value over exercise ECG” [3]. 
Although CMR is not so widespread as TECHO and requires more time, it has 
advantages over a simple ultrasound procedure. CMR can assess both wall motion 
changes and cardiac tissue perfusion anomalies. CMR can also differentiate acute injury 
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and necrosis from a scar tissue and can differentiate old MI from a recent infarction. 
Moreover, differential diagnosis between infarction and “mimic” syndromes like 
Takotsubo or myocarditis is facilitated by CMR [3, 5]. 

Differential diagnosis 

Many cardiac and noncardiac diseases can mimic ACS (“Among unselected patients 
presenting with acute chest pain to the emergency department, disease prevalence can be 
expected to be the following: 510% STEMI, 1520% NSTEMI, 10% unstable angina, 15% 
other cardiac conditions, and 50% non-cardiac diseases”) [2] and therefore simple tests 
like ECK and TECHO can help the physicians make the correct diagnosis. Conditions 
like pulmonary embolism, aortic dissection and tension pneumothorax not only mimic the 
ACS but have a very high mortality rate. Increased usage of these tests in the recent 
decade has shown the increase in correct differential diagnosis, decrease in the delay of 
treatment time and hence morbidity and mortality of the patients. 

CONCLUSION 

CVDs are the leading causes of death both in males and females around the world for 
many decades, ACS taking a lion’s share of the death toll. Modern medicine continues to 
advance and makes great leaps in both diagnostic and treatment methods but despite this 
advancement changes in the modern society lifestyle (stress, sedentary lifestyle, “empty 
calorie” food consumption, obesity and diabetes pandemic, etc.) continue to aggravate the 
predispositions to CVD. Although the change to a healthy lifestyle is one of the best 
option to decrease the risks of CVD and ACS, often this utopic idea breaks over the harsh 
reality of life. Not everyone can afford time and/or money to have it. Therefore, 
advancements in modern medicine will stay a major hope for the millions of patients to 
increase both their lifespan and life quality in the foreseeable future. Constantly 
improving the old methods of treatment and diagnosis while inventing the new ones 
should be our goal as doctors and scientists. Even now tens or maybe even hundreds of 
clinical trials are going on to develop new methods of treatment of ACS, as well as other 
diseases. While the new diagnostic methods are on their way, we must take care to 
understand, know and use the ones already at our disposal to help our patients in need. 
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РЕЗЮМЕ 

Острый коронарный синдром (ОКС) является ведущей основной причиной смертности в 
мире. ОКС делится на две группы – STEMI и NSTEMI+UA, которые определяются 
симптомами острой ишемии миокарда и изменениями на электрокардиограмме. На ЭКГ 
STEMI характеризуется постояннoй элевацией ST сегмента, что отличает его от NSTEMI и 
UA синдромов. 

Проведение дифференциального диагноза очень важно, так как методы лечения сходны, но 
не идентичны. В случае STEMI обязательна немедленная реваскуляризация или при 
невозможности этого – тромболиз. 

В случае NSTESMI + UA реваскуляризация рекомендована в первые 72 часа или в 
определенных случаях возможно ее не проводить. Для постановки диагноза ОКС имеется 
ряд инвазивных и неинвазивных тестов. Особенно важными являются ЭКГ, тропонин, 
магнитно-резонансное и ультразвуковое исследование сердца. Указанными методами 
возможна постановка соответствующего диагноза, снижение смертности, улучшение 
качества жизни и, кроме того, выявление заболеваний, для которых характерны схожие 
симптомы, например, боли в области грудной клетки, повышенный тропонин или акинезия 
стенки миокарда. 
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gaSeris sindromi: SigniTa yuris fenestraciis 

Tanmdevi Zlieri otoliqvorrea 

SoTa jafariZe1,  besarion lebaniZe1,  nato nakudaSvili1,  
Tamar xeCinaSvili1,  xaTuna gegenava2,  zurab qevaniSvili2 

1 otorinolaringologiis erovnuli centri;  2 audiologiis 

erovnuli centri, Tbilisi 

sensonevraluri tipis smenadaqveiTebulebSi koxlearuli implantaciis Tu 

otoskleroziT daavadebulebSi stapedoplastikis Sesrulebisas loko-

kinis perilimfur da Tavis tvinis subaraqnoidul sivrceebs Soris pir-

dapiri anomaliuri kavSiris arsebobis mizeziT SigniTa yuris fenestra-

cias calkeul individSi Zlieri otoliqvorrea sdevs Tan. fenomeni ga-

Seris sindromad iwodeba. Cven mier otosklerozis 5000-ze meti realize-

buli operaciidan sindromi cxraSi, anu operirebulTa daaxloebiT 0.2%-

Si aRiniSna. warmodgenilia erTi pacientis avadmyofobis istoria, romel-

Sic fenomeni mkveTri niSnulebiT iyo gamoxatuli. keTdeba daskvna, rom 

SigniTa yuris fenestraciis Tanmdevi gaSeris sindromi otologiur 

operaciaze uaris Tqmis mizezi ar unda gaxdes. specialuri midgomebis da 

adekvaturi RonisZiebebis moxmobiT sindromis yvela winaRoba gadalaxvas 

eqvemdebareba. Sesabamisad, sindromis rogorc arsebobis, ise ararsebobis 

SemTxvevaSi maRalprofesiul doneze Sesrulebuli SigniTa yuris fenest-

raciis momcveli otologiuri operaciebi, Cveulebriv, dadebiTi Sedeg-

ebiT sruldeba. 

sakvanZo sityvebi: gaSeris sindromi, otoliqvorrea, koxlearuli im-

plantacia, SigniTa yuris fenestracia, otosklerozi, stapedoplastika, 

stapedotomia, operaciis taqtika gaSeris sindromisas 

gaSeris sindromi – Zlieri otoliqvorrea – koxlearuli implan-

taciis Tu otosklerozis operaciisas SigniTa yuris fenestraciis 

iSviaTi, magram seriozuli garTulebaa. termini inglisur sityva 

gusher-s ukavSirdeba, rac dedamiwidan amoxeTqili navTobis mZlavr 

Sadrevans niSnavs. gaSeris sindromi SigniTa yuris perilimfur da 

Tavis tvinis subaraqnoidul sivrceebs Soris pirdapiri kavSiris 

Sedegia. swored es struqturuli anomaliaa koxlearuli implan-
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taciisas Tu otosklerozis operaciisas stapedektomiis procesSi 

Sesrulebuli SigniTa yuris fenestraciis Tanmdevi maRali wnevis 

liqvorreis mizezi. gaSeris sindromi dResac seriozul problemad 

ganixileba, stapedektomiaTa sawyis eraSi ki kidev ufro mniSvne-

lovan da Znelad gadasalaxav winaRobad miiCneoda. 

otoqirurgTa nawili [2, 3, 5] dResac miiCnevs, rom yurze qirur-

giuli midgomis dasawyisSi, kerZod, otoskleroziT daavadebulebSi 

stapedoplastikis sawyis etapze uzangis safexe firfitis sakont-

rolo perforacia unda Sesruldes. gaSeris sindromis gamovlenis 

SemTxvevaSi, rac, rogorc zemoT aRiniSna, SigniTa yuris peri-

limfur da Tavis tvinis subaraqnoidul sivrceebs Soris mankieri 

pirdapiri gavrcelebulobis Tanmdevia, am jgufis otoqirurgTa 

SexedulebiT, uzangis safexe firfitaSi instrumentuli midgomiT 

producirebuli xvreli bioqsovilebiT unda amoivsos da operacia 

unda Sewydes [1, 4, 6]. 

Znelia daeTanxmo aRniSnul Sexedulebas. jer erTi, uzangis fe-

xebis da Tavis, anu uzangis rkalis, anu superstruqturis (super-
structure) irib kaudalur dgomas Tu ar aqvs adgili, rac, TavisTavad, 

iSviaTia, safexe firfitis perforaciis gansaxorcieleblad uzan-

gTan midgoma rTuli an SeuZlebelicaa. meorec, yurze, kerZod, 

stapedoplastikis sawyis etapzeve operaciis Sewyveta, cxadia, 

aranairad ar iqneba misi audiologiuri, anu funqciuri gamo-

savlisTvis sargebliani – operaciis Semdeg smenadaqveiTebuli ise-

Tive smenadaqveiTebulad darCeba. 

otoskleroziT daavadebulebSi stapedoplastikis sawyis etapze 

grdemlsa da safexe firfitas Soris manZili ganisazRvreba, ski-

teris aramoxmarebis SemTxvevaSi grdeml-uzangis saxsari qirur-

giulad dezintegrirdeba, uzangis wina da ukana fexebi amoimtvreva, 

Semdeg ki uzangis rkali eqstirpirdeba. operaciis momdevno etapze 

safexe firfitis Sua an ukana mesamedSi sxvadasxva diametris per-

foratorebiT SedarebiT viwro, saSualo da SedarebiT farTo 

zomis xvrelebi producirdeba. SerCeul xvrelSi uzangis proTezi 

idgmeba da grdemlze fiqsirdeba, proTezis garSemo sivrce ki 

Sesabamisi moculobis biomasaliT amoivseba. skiteris aramoxma-

rebis SemTxvevaSi uzangis wina da ukana fexebis amomtvrevisas zog-

jer, Tumca iSviaTad, mcuravi safexe firfitis sakmaod problemuri 

situacia inicirdeba. 

otosklerozis operaciebisas Cven 2010 wlidan regularulad viye-

nebT skiters. misi CarTulobiT, safexe firfitis srul perimetrze 

uzangis ukana fexTan sarkmeli inicirdeba, rac saoperacio velis 
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optimalur vizualizacias uzrunvelyofs. Semdeg, rogorc skiteris 

aramoxmarebis SemTxvevaSi, grdeml-uzangis saxsari dezintegrirde-

ba, uzangis wina fexi amoimtvreva da uzangis rkali eqstirpirdeba. 

miTiTebuli procedurebis Sesrulebis Semdeg, skiteris aramox-

marebis analogiuradve, viwro, saSualo da odnav farTo zomis per-

foratorebiT uzangis safexe firfita Sua an ukana mesamedSi ix-

vriteba, Sesabamis xvrelSi proTezis distaluri bolo Tavsdeba, 

misi proqsimaluri bolo grdemlze fiqsirdeba, proTezis garSemo 

sivrce ki bioqsovilovani naWrebiT amoivseba. 

Tbilisis otorinolaringologiis erovnul centrSi Cven mier 5000-

ze met otoskleroziT daavadebulSi Sesrulebulia stapedoplas-

tikis operacia. maTgan gaSeris sindromi – cxra SemTxvevaSi, anu 

operirebulTa daaxloebiT 0.2%-Si aRiniSna. rvaSi fenomeni zo-

mierad iyo gamoxatuli, rvaveSive operacias ordinaruli mimdina-

reoba hqonda da rvave damakmayofilebeli SedegiT dasrulda. 

warmovadgenT mecxre pacientis avadmyofobis istorias, romelSic 

gaSeris sindromi gansakuTrebulad mkveTri niSnulebiT vlin-

deboda. 

k.e., 39 wlis, mamrobiTi sqesis. diagnozi – ormxrivi simetriuli 

otosklerozi. 2019 wlis 19 aprils endauraluri midgomiT marjvena 

yurze pacients stapedoplastikis operacia Cautarda. Sesrulda or-

dinaruli ganakveTi. meato-timpanaluri nafleTi win iqna gadaweu-

li. gareTa sasmeni milis distaluri nawili Sesabamis perimetrze 

boriT amoikveTa. Semdeg grdemlis ukana fexze skiteriT saTval-

Tvalo sarkmeli inicirda. Sedegad, safexe firfitis optimaluri 

vizualizacia iqna miRweuli. precesiuli gaTvlebiT, uzangis 

sanacvlo proTezis sigrZe dazustda. momdevno etapze uzangis sa-

fexe firfitis perforaciebi Sesrulda, rasac Zlieri liqvorrea 

mohyva Tan. SevicadeT xuTiode wuTi. paralelurad endauraluri 

midgomiT Wrilobas zedmeti qsovilovani naWrebi movaSoreT. mom-

devno etapze uzangis safexe firfitis SerCeul perforaciaSi Se-

sabamisi geometriuli ganzomilebis proTezi CavdgiT, amasTan 

proTezis zeda kide grdemlis grZel morCze davafiqsireT. insta-

laciis mTeli procesis ganmavlobaSi Zlieri liqvorrea grZel-

deboda. proTezis garSemo arsebuli sivrce saxis nervis donemde 

da kidev ufro maRla – dafis apkis sibrtyemde bioqsovilis naWre-

biT amovavseT da meato-timpanaluri nafleTi ukan davabruneT. 

operaciis momdevno etapze gareTa sasmen milSi dafis apkis peri-

metrze Sesabamisi zomis silastiki movaTavseT, ris Semdegac apkis 

ukana mesamedSi da meataluri nafleTis naxevarSi kidev ori silas-

tiki CavafineT. gareTa sasmeni mili jer Jelfomis naWrebiT, Semdeg 

mcire zomis filTebiT hermetiulad amovavseT. endauraluri ganak-



 

 

 

 

390 

veTis likvidacia kvanZovani nakerebiT movaxdineT. gareTa sasmeni 

milis SesasvlelSi antibiotikis xsnariT gaJRenTili filTa Cava-

fineT. yuris niJaras dolbandis naxvevi davadeT. operaciidan meore 

dRes naxvevi movxseniT. misi Sida zedapiri sveli aRmoCnda. naope-

raciebi yuris niJaraze plastiriT axali dolbandi davafiqsireT. 

operaciis arc pirvel, arc meore, arc Semdgom dReebSi Tavbrusxve-

va, disbalansi, Rebineba pacients ar hqonia. saTanado medikamenturi 

daniSnulebiT da rekomendaciebiT is 2019 wlis 22 aprils gavwereT 

klinikidan. stapedoplastikis Semdeg naxvevs, Cveulebriv, operacii-

dan meSvide an merve dRes vxsniT. am SemTxvevaSi naoperacieb ares 

naxvevi mecamete dRes movaSoreT. amoRebul iqna filTebi, Jelfo-

mebi, silastikebi. gareTa sasmen milSi aranairi gamonadeni ar 

aRiniSna. movaSoreT kvanZovani nakerebi. naxvevis moxsnis Semdeg 

operirebulma smenis mkveTri gaumjobeseba igrZno. tonalurma au-

diometriulma gamokvlevam Zvlovan-haerovani RreCos sruli daxur-

va, anu operaciis optimaluri Sedegi daafiqsira (sur. 1). 

 
sur. 1. otoskleroziT daavadebuli k.e.-is marjvena yuris haerovani da 

Zvlovani gamtareblobis smenis zRurblebi operaciamde da stapedo-

plastikis operaciis Semdeg. wyvetili isrebiT aRniSnuli audiogramis 

ubani operaciis Semdeg haerovani gamtareblobis zRurblebis srul 

aRdgenas da, Sedegad, haerovan-Zvlovani RreCos srul daxurvas, anu sta-
pedoplastikis optimalur Sedegs adasturebs 

Cveni mravalwliani da moculobiTi klinikuri masala adasturebs, 

rom otosklerozis qirurgiuli mkurnalobis calkeuli SemTxve-

vebSi stapedotomiis Tanmdevi gaSeris sindromi operaciis Sewyve-

tis mizezi ar unda gaxdes. specialuri midgomebis da adekvaturi 

RonisZiebebis moxmobiT fenomenis yvela winaRoba gadasalaxavia. 
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Sesabamisad, sindromis arsebobis SemTxvevaSic maRalprofesiul 

doneze Sesrulebuli stapedoplastika, rogorc wesi, ordinaruli, 

anu optimaluri SedegiT mTavrdeba. 
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СИНДРОМ ГАШЕРА: ОБИЛЬНАЯ ОТОЛИКВОРРЕЯ, СЛЕДУЮЩАЯ ЗА 
ФЕНЕСТРАЦИЕЙ ВНУТРЕННЕГО УХА 

Шота Джапаридзе1,  Бесарион Лебанидзе1,  Нато Накудашвили1,   
Тамар Хечинашвили1,  Хатуна Гегенава2,  Зураб Кеванишвили2 

1 Национальный центр оториноларингологии;  2 Национальный центр аудиологии, Тбилиси, 
Грузия 

РЕЗЮМЕ 

Синдромом гашера именуется обильная отоликворрея, следующая за фенестрацией 
внутреннего уха, осуществляемой, в частности, при кохлеарной имплантации и, в виде 
стапедотомии, при стапедопластических операциях в случаях отосклероза. Феномен 
определен наличием у отдельных индивидов порочной прямой связи перилимфатической 
области внутреннего уха со субарахноидальным церебральным пространством. Из более 
чем 5000 стапедопластических операций, выполненных в Тбилисском национальном центре 
оториноларингологии на больных отосклерозом, отоликворрея вслед за стапедотомией от-
мечена в девяти случаях, т.е. примерно у 0.2% оперированных. Приведена история болезни 
одного пациента, у которого синдром гашера был выражен наиболее в радикальной форме. 
Делается вывод, что феномен никак не должен стать причиной отмены намеченной ушной 
операции. Все потенциальные осложнения синдрома можно успешно преодолеть коррект-
ными подходами и адекватными манипуляциями. Соответственно, профессионально выпол-
ненные отологические операции, охватывающие фенестрации внутреннего уха как при 
наличии, так и при отсутствии синдрома гашера заканчиваются одинаковыми положи-
тельными результатами. 
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GUSHER SYNDROME: INNER-EAR FENESTRATION  
FOLLOWED PROFUSE OTOLIQUORRHEA 

Shota Japaridze1,  Besarion Lebanidze1,  Nato Nakudashvili1,  Tamar Khechinashvili1,  
Khatuna Gegenava2,  Zurab Kevanishvili2 
1 National Centre for Otorhinolaryngology;  2 National Centre for Audiology, Tbilisi, Georgia 

SUMMARY 

The gusher syndrome signifies the profuse otoliquorrhea that follows in some cases the inner-ear 
fenestration carried out particularly under cochlear implantation in patients with sensorineural 
hearing losses and under stapedoplasty in those with otosclerosis. The phenomenon is attributed to 
the uninterrupted coupling of the inner-ear perilymphatic space with the subarachnoid cerebral 
area that anomalously exists in separate individuals. From more than 5000 stapedectomy cases of 
the private otosclerosis material, the phenomenon has been documented in nine, i.e. in about 0.2% 
of operated subjects. The disease history of one patient is offered, in which the gusher syndrome 
was manifested under peculiarly sharp pattern. It is concluded that the stapedotomy followed 
gusher syndrome can hardly be considered as the reason of otosurgery refusal. Through the 
adequate approaches and qualified handlings the gusher syndrome obstacles can overcome 
successfully. The professionally performed otological operations are thus similarly succeeded by 
the positive audiological outputs under the presence, as well as the absence of the gusher 
phenomenon. 
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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 Sinaarsiis unda iyos. reziume unda Seicavdes saTaurs, avtorebs da 

dawesebulebas, romelSic Sesrulebulia naSromi, reziumeSi lakonurad unda 

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

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

sityva. 

werilis moculoba, reziumeebis da ilustraciebis CaTvliT ar unda iyos A4 

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

werilis beWdva saWiroebs redkolegiis specialuri Tanxmobis miRebas. 

werilis gaformeba xdeba standartuli rubrikaciiT: Sesavali, kvlevis mizani, 

masala da meTodebi, Sedegebi da maTi ganxilva, gamoyenebuli literaturis 

sia. es ukanaskneli pirveli avtorebis gvarebis mixedviT anbaniT unda iyos 

dalagebuli da Sesabamisad danomrili (jer qarTuli, Semdeg rusuli da 

bolos laTinurenovani). teqstSi citirebuli literatura miTiTebuli unda 

iyos Sesabamisi nomrebiT, kvadratul frCxilebSi. literaturis siaSi unda 

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

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

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

mecniereba). SromaTa krebulis SemTxvevaSi saWiroa redaqtoris (redaqtorebis) 

inicialebis da gvarebis miTiTeba. 

gamosaqveynebeli werili redaqciaSi warmodgenili unda iyos rogorc 

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

Tvis gamoiyeneba AcadNusx da AcadMtavr, rusuli da inglisuri teqstebisTvis – 

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

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

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

saxiTac (araeleqtronuli). feradi suraTebi JurnalSi ar ibeWdeba. 

werilis eleqtronuli versia calke failebis saxiT unda Seicavdes teqsts, 

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

werilis pirveli avtoris gvariT. ilustraciebis da cxrilebis adgili unda 

mieTiTos isriT amobeWdili versiis Sesabamisi gverdis velze, maTi 

Cakabadoneba teqstSi dauSvebelia. suraTebis warwerebi calke gverdze unda 

iyos akrefili. 

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

TiTebuli unda iyos sakorespondento avtoris telefoni da eleqtronuli 



 

 

fostis misamarTi. aucilebelia wamyvan avtorTa dawesebulebis adminis-

traciis wardgineba. 

JurnalSi werilis beWdva avtorTa xarjiT xorcieldeba. 

redkolegiaSi warmodgenili werili sarecenziod igzavneba or anonimur 

recenzentTan. recenzentTa azrSi principuli sxvaobis SemTxvevaSi werili 

damatebiT recenzirebaze gadaecema saredaqcio sabWos erT-erT Sesabamis 

wevrs, romlis azri gadamwyvetia. 

gamoqveynebuli werilis rusuli reziume ibeWdeba ruseTis referatuli 

Jurnalis saTanado seriaSi. 

redaqciaSi werilebis Cabareba SeiZleba yoveldRiurad, SabaTisa da kviris 

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

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

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