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grumingis kvlevis mniSvneloba 

klinikuri medicinisTvis 

giorgi andronikaSvili1,  Tea guraSvili1,2, Tamila bagaSvili1,3,  

qeTevan gogeSvili1,  giorgi kvernaZe1,  mixeil okujava1,4,  
senera WipaSvili1,  nino axobaZe1, malxaz mayaSvili4 

1 i. beritaSvilis eqsperimentuli biomedicinis centri;  2 kavkasiis 
universiteti, Tbilisi;  3 i. javaxiSvilis saxelobis Tbilisis 

saxelmwifo universiteti;  4 ilias saxelmwifo universiteti, 

Tbilisi 

grumingi aris Tandayolili qceva, romelic mraval funqcias moicavs. igi 

ormxrivi – komfortuli da stresuli bunebis matarebelia. avtogrumingi 

Zlier mgrZnobiarea stresis gamomwvevi faqtorebis, aseve bunebrivi da 

sinTezuri anqsiolituri saSualebebis mimarT. mkvlevarTa azriT, mRrRne-

lebis grumingis Seswavla kargi instrumentia translaciuri neirobio-

logiuri gamokvlevebisTvis, radgan aberantuli grumingi, kerZod, gru-

mingis sintaqturi jaWvis da misi cefalo-kaudaluri mimarTulebis rRveva 

SesaZlebelia gamoyenebul iqnas adamianis zogierTi fsiqo-nervuli 

darRvevis eqsperimentul modelad. 

sakvanZo sityvebi: grumingi, mikrostruqtura, translaciuri medicina, 

klinikuri medicina, stresi 

 

grumingi, anu Tavis movlis qceva axasiaTebs TiTqmis yvela xer-

xemlians adamianis CaTvliT da mimarTulia sxeulis biologiuri 

funqciebis mowesrigebisken. amavdroulad, grumingi viTardeba 

stresul situaciaSi stresoris mier organizmSi gamowveuli pro-

cesebis Sesarbileblad. am TvalsazrisiT, grumingi SeiZleba gamo-

yenebul iqnas, rogorc qcevis paTologiis eqsperimentuli modeli, 

rodesac grumingis Cveuli paterni irRveva garegani an Sinagani 

stresoris zegavleniT. bolo dros cxovelebis, kerZod, virTag-

vebis grumingi gamoiyeneba centraluri nervuli sistemis (cns) 



 

 

 

 

2 

araerTi daavadebis modelad; grumingis analizi mniSvnelovania 

neirobiologiuri kvlevebisTvis, radgan is iZleva moZraobis koor-

dinaciis, sensomotoruli da neiroendokrinuli darRvevebis mize-

zebis garkvevis SesaZleblobas. amrigad, grumingis kvlevas didi 

potenciali aqvs translaciur medicinaSi [15]. 

cnobilia, rom mRrRnelebSi grumingi Cveulebrivi movlenaa da 

Seadgens maTi fxizlad yofnis periodis 30%-50%-s. igi mraval 

funqcias moicavs, rogoricaa bewvis movla, Termoregulacia, 

sxvadasxva qimiuri nivTierebebis ganawileba sxeulis zedapirze da 

sxv. biologiuri funqciebis garda, grumingi warmoadgens qcevis 

mniSvnelovan elements da Sedgeba Taviseburi ritualebisgan, 

romlebsac garkveuli mimdevroba gaaCnia. grumingi vlindeba ro-

gorc komfortul, aseve stresul mdgomareobaSi, rac mis ormag 

bunebaze metyvelebs. tradiciulad, grumingi komfortuli qcevis 

kategorias miekuTvneba dabanasTan, mTqnarebas da gazmorvasTan 

erTad, magram, amavdroulad, igi vlindeba stresis drosac da 

warmoadgens stresuli qcevis markers. grumingis bimodaloba, anu 

misi komfortuli da stresuli buneba aixsneba zooeTologiis 

kuTxiTac. komfortul mdgomareobaSi mRrRnelebis grumingi aris 

fiqsirebul moqmedebaTa kompleqsi, saxeobisTvis damaxasiaTebeli 

genetikurad ganpirobebuli stereotipuli, mkacrad Tanmimdevruli 

moZraobiTi aqtebi. igi evoluciurad Zveli fenomenia. stresis da 

diskomfortis dros grumingi iRebs ,,gadaxrili~ aqtiurobis saxes. 

gansakuTrebiT xSirad mRrRnelebis qcevaSi gvxvdeba gadatvirTvebi: 

grumingi-garindeba, frizingi-ynosviTi moZraobebi. es ki miuTiTebs 

eTologiur kvlevebSi grumingis, rogorc qceviTi maCvenebelis po-

tenciur heterogenobasa da polimodalobaze da avlens grumingis 

kavSirs stresis mimarT mgrZnobiare qceviT sxva maxasiaTeblebTan 

[6, 25]. amave dros, cxovelebis grumingi procesia, romelSic Sexame-

bulia stresis qceviTi da endokrinuli komponentebi da gamoiwveva 

stresuli hormonebiT. grumingi zrdis endorfinebis sekrecias, 

romelic amcirebs gangaSis stadiis dones. kerZod, avtogrumingi 

aris qcevis forma, romelic aRiZvreba hipoTalamur-hipofizuri 

RerZis gaaqtiurebiT da Sesabamisi hormonebis gamoyofis gaZlie-

rebiT. hipoTalamusis hormoni kortikoliberini da hipofizis 

hormonebi (adrenokortikotropuli hormoni, vazopresini, oqsito-

cini) astimulirebs grumings. grumingi izrdeba aRniSnuli hor-

monebis rogorc sistemuri SeyvaniT, aseve Tavis tvinis parkuWebsa 

da hipoTalamusSi SeyvaniTac. amrigad, grumingi aris procesi, 

romelSic gadakveTilia stresis qceviTi da endokrinuli kompo-

nentebi. amavdroulad, grumingi zrdis endorfinebis sekrecias, rac 

iwvevs eiforiul mdgomareobas, amcirebs SfoTvis dones da asus-

tebs stresul reaqciebs [25]. 
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grumingis mikrostruqtura warmoadgens Sablonuri moZraobebis 

(fixed action) fiqsirebul moqmedebebs, saxeobisTvis damaxasiaTebel 

instiqtur qceviT Tanamimdevrobas, romelsac aqvs mkacrad gansaz-

Rvruli paterni: calkeuli elementebi da maTi droSi ganfenili 

Tanamimdevroba da rTuli, sekvenirebuli organizacia (paternireba). 

mRrRnelebSi grumingi iwyeba imiT, rom cxoveli ilokavs wina 

TaTebs, Semdeg igi elifsoiduri moZraobebiT iyenebs Tavis or 

dasvelebul TaTs cxviris midamos gasawmendad; mas Semdeg, rac 

daasrulebs cxviris wmendas, igi iyenebs erT TaTs, raTa gaiwmin-

dos vibrisebi da Tvalis midamo. Semdeg ki iyenebs orive wina TaTs, 

raTa daamTavros grumingi Tavis, yurebis da yursukana midamoSi. 

amis Semdeg mRrRneli Seudgeba tanis movlas, ilokavs mucelsa da 

zurgs. bolo nabiji Tanamimdevrul grumingSi genitaliebis da 

kudis movlaa. es aris cefalo-kaudaluri grumingi, anu bauti. am-

rigad, cefalo-kaudaluri progresia mRrRnelebSi warmoadgens 

gruminguli qcevis saerTo wess, romelic iwyeba cxviridan da 

grZeldeba Tavis, tanis, genitaliebis da kudis mimarTulebiT. 

 
sur 1. sintaqturi gruminguli jaWvis paterni mRrRnelebSi (Kalueff et al., 2007) 

am kompleqsSi calke gamoiyofa sintaqturi jaWvi, romelic Sedgeba 

oTxi Tanamimdevruli fazisgan: 1. rostraluri (wina TaTebis lokva 

an maTi gasma cxvirze da pirze) – grZeldeba 1 wm; 2. uni-

lateraluri (cxvir-saxis) grumingi – grZeldeba 0.25 wm. mas aseve 

uwodeben saxis grumings; 3. bilateraluri (wina TaTebis gadasma 

yurebis midamoebSi orive mxares) – grZeldeba 0,75 wm. mas aseve 

uwodeben Tavis grumings. 4. sxeulis grumingi – droSi cvalebadia 

da ZiriTadad grZeldeba 2 wm. es ukanaskneli gadadis sxva gru-
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mingul moZraobebSi (ukana TaTebis, genitaliebis, kudis fxana da 

lokva), romelic ar ekuTvnis sintaqtur jaWvs [15]. 

eqsperimentuli kvlevis dros meTodurad mosaxerxebelia grumingis 

grafikuli eTogramebis Seqmna, romelic kargad asaxavs grumingis 

stadiebs, maT mimdevrobas, simetriulobas, xangrZlivobas da six-

Sires. 

 

 
sur 2. sintaqturi gruminguli jaWvis eTograma (Cromwell and Berridge, 1996) 

grumingis simetriuloba dadebiTi maCvenebelia normisa da stresis 

dros. mTlianobaSi, paTologiuri grumingi xasiaTdeba maRali do-

nis asimetriulobiT (upiratesad, sxeulis erTi naxevris grumingi), 

gansakuTrebiT tanis grumingis dros, Tumca asimetriuloba ar aris 

paTologiis aucilebeli maCvenebeli. magaliTad, Tagvebsa da vir-

TagvebSi grumingi eTologiurad gansxvavdeba simetriulobiT. Tag-

vebs metad simetriuli gruminguli moZraobebi aqvT, vidre virTag-

vebs [3]. amrigad, grumingis asimetriuloba, rogorc paTologiis 

markeris, ufro sainteresoa tanis grumingis SemTxvevaSi. 

grumingis mniSvnelovan maxasiaTeblad iTvleba misi axali grumin-

guli Tanamimdevrobebis albaToba, anu axali gruminguli mode-

lebis iniciacia. grumingis iniciaciebis kvleva, SesaZloa, ufro 

naTels xdides grumingis dinamikas da xarisxs. masTan erTad 

mniSvnelovani maxasiaTebelia inicirebuli grumingis dasrulebis 

unari yvela Tanamimdevruli stadiis SenarCunebiT. rituali 

iTvleba dasrulebulad, Tu man miaRwia sxeulis grumings da ar 
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Sewyda sintaqturi grumingis dros, xolo genitaliebsa da kuds – 

cefalo-kaudaluri grumingis dros [4]. grumingis analizis dros 

iniciacia/dasrulebam gamoavlina zogierTi sxva eTologiuri 

Tavisebureba. kerZod, napovnia eTologiuri prediqtori imisa, rom 

inicirebuli grumingi dasrulebulia, Tu miaRwevs sxeulis gru-

mings. rogorc aRmoCnda, sawyis stadiaze elifsoiduri moZraobebis 

siswrafe cxviris garSemo ganapirobebs gruminguli ritualis 

dasruleba-dausruleblobas. grumingi, romelic dasrulebuli 

iqneba, abortulTan SedarebiT, iwyeba cxviris midamoSi ufro Cqari 

da xSiri elifsoiduri moZraobebiT. am movlenas gaxurebis efeqti, 

anu warm-up uwodes [3]. grumingis fazebis araswori gadasvlebis 

procenti (saerTo raodenobidan) da grumingis Sewyvetili aqtebis 

procenti (bautebis saerTo raodenobidan) gamoiyeneba stresis 

qceviTi parametrebis maCveneblad da warmoadgens avtogrumingis 

erTaderT parametrs, romlis cvlilebac sarwmunod asaxavs cxo-

velze moqmedi stresorebis maCveneblebs [12, 13]. 

translaciuri medicinis TvalsazrisiT, mRrRnelebis grumingi 

SesaZloa warmoadgendes met-naklebi adekvaturobiTa da albaTo-

biT, rogorc sxvadasxva modalobis gamRizianeblebis (fizikuri, 

qimiuri, biologiuri) organizmze stresuli zemoqmedebis, aseve 

samkurnalo preparatebis moqmedebis efeqtebis Sesaswavl models 

[19]. grumingis meqanizmebis kvlevam SesaZloa daxmareba gagviwios 

cns-is zogierTi daavadebis (turetis sindromi, obsesiur-kom-

pulsuri aSliloba, parkinsonis daavadeba, Sizofrenia, epilefsia 

da sxv.) paTogenezis SeswavlaSi, romelTac safuZvlad udevT 

bazalur gangliebsa da sxva tvinovan struqturebSi aRmocenebuli 

paTologiuri cvlilebebi [5, 10, 16]. neirobiologiuri kvlevebiT 

dadgenilia, rom zrdasruli mRrRnelebis grumingi Sedgeba speci-

fikuri da sakmaod stereotipuli, Tanmimdevruli paternebisgan, 

rasac sintaqtur jaWvs uwodeben da moicavs rostralur da tanis 

grumings (mTavrdeba tanis grumingiT). sterotipia am SemTxvevaSi 

gulisxmobs ganmeorebad qcevas (aranormaluri an gadaWarbebuli), 

anu erTi da igive qceviTi moZraobebis, moqmedebis Sesrulebas 

drois garkveul monakveTSi. grumingis sintaqturi jaWvebi Seicavs 

sxva fiqsirebul moqmedebaTa paternebis msgavs niSnebs, rogoricaa 

seqsualuri da agresiuli qceva. tipuri sintaqturi jaWvi xSirad 

aris CarTuli mRrRnelebis sxva grumingul qcevaSi, magram misgan 

cefalo-kaudaluri mimarTulebiT (Tavi-tani) da stereotipulobiT 

gansxvavdeba. igi gruminguli qcevis 10-15%-s Seadgens. sekvenirebul, 

anu Tanamimdevrul grumingul moZraobebze, maT iniciaciasa da 

dasrulebaze pasuxismgebelia Tavis tvinis dofaminSemcveli nigro-

striatuli traqti da bazaluri birTvebi, aseve sxvadasxva 

dofaminerguli preparatebis zemoqmedeba, genetikuri mutaciebi da 
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fsiqogenuri stresorebi. sintaqturi jaWvi, Cveulebriv, gadaikve-

Teba naklebad stereotipul, arasintaqtur grumingTan, romelSic 

Sedis fxana, lokva, kudisa da genitaliebis grumingi. es uka-

naskneli Seadgens yvela gruminguli qcevis 85-90%-s [12]. eTolo-

giuri analiziT gamyarebuli gruminguli qceva, romelic moicavs 

rogorc jaWvur, aseve arajaWvur grumings, farTod gamoiyeneba 

neirobiologiur kvlevebSi. amrigad, SegviZlia SeviswavloT swori 

da araswori cefalo-kaudaluri mimarTulebis gadasvlebi grumin-

gis fazebs Soris, aseve intervalebi maT Soris da regionaluri 

ganawileba mTel organizmze [13]. gruminguli qcevis sekvenirebaSi 

gadamwyvet rols TamaSobs Tavis tvinis iseTi struqturebi, ro-

goricaa striatumi, Savi substancia, mkrTali birTvi, subTalamuri 

birTvebi da sxv. [1]. 

bazaluri birTvebi, gansakuTrebiT striatumi da misi dofaminuri 

Semavali gzebi akontrolebs mRrRnelebis grumingis motorul qce-

vas da maT Tanamimdevrobas. neokorteqsi monawileobs gruminguli 

moZraobebis saerTo modulaciaSi, agzavnis ra agznebiT proeqciebs 

striatumSi da iRebs amagznebel aferentebs Talamusisa da nu-

Sisebri sxeulisgan. naTxemi, romelsac mravali kavSiri aqvs baza-

lur birTvebSi, TalamusSi, Tavis tvinis qerqSi, nuSisebr sxeulSi, 

Tavis tvinis Rerosa da zurgis tvinSi, monawileobs gruminguli 

qcevis kontrolsa da maT moZraobaTa koordinaciaSi. nuSisebri 

sxeuli (neironuli kavSirebiT qerqTan, TalamusTan, hipoTalamus-

Tan, bazalur gangliebTan da RerosTan) monawileobs gruminguli 

qcevis modulaciaSi, magaliTad, stresis dros. hipoTalamusi da-

kavSirebulia naTxemTan, qerqTan, nuSisebr sxeulTan da mniSvne-

lovan rols asrulebs grumingis neiroendokrinul regulaciaSi. 

hipoTalamo-hipofizuri sistema, iseve rogorc hipoTalamusis da 

hipofizis zogierTi hormoni, iwvevs gruminguli qcevis modula-

cias, gansakuTrebiT unda aRiniSnos stresTan dakavSirebuli pepti-

debi: kortikotropuli rilizing hormonebi (CRH) da adrenokor-

tikotropuli hormoni (ACTH), romlebic potenciurad inducirebs 

grumings. 

aseve unda aRiniSnos Tavis tvinis Rero, romelsac mniSvnelovani 

roli eniWeba gruminguli qcevis iniciaciaSi da ZiriTadi, Ta-

namimdevruli paternebis, gansakuTrebiT ki sintaqturi jaWvis ge-

nerirebaSi; Tumca, mxolod Tavis tvinis Rero ar aris sakmarisi am 

paternebis realizaciaSi, radgan is striatumis monawileobasac 

moiTxovs [16]. 

literaturis monacemebze dayrdnobiT SegviZlia davaskvnaT, rom 

endogenuri nivTierebebi, rogoricaa neiromediatorebi (dofamini, 
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gamaaminoerbosmJava, serotonini), hormonebi (adrenokortikotropini, 

vazopresini, oqsitocini, prolaqtini, bombezini, kortikotropuli 

rilizing hormonebi), opioiduri nivTierebebi, aseve Tavis tvinis 

sxvadasxva ubnebi, gansakuTrebiT bazaluri gangliebi da hipoTa-

lamusi, monawileoben mRrRnelebis grumingis warmoSobasa da re-

gulaciaSi. 

sxvadasxva fsiqotropuli preparatebi (magaliTad, diazepami) aseve 

moqmedebs grumingze, rac mTlianobaSi karg instruments qmnis am 

fenomenis qceviT nevrologiaSi analizisTvis [6]. 

arsebobs grumingis analizis ori meTodi: grumingis analizis 

algoriTmi da grumingis sintaqturoba. pirveli meTodi gulisxmobs 

globalurad grumingze dakvirvebas: sintaqturi jaWvis, aseve fxa-

nis, kudis da genitaliebis lokvis CaTvliT, fasdeba cefalo-kau-

dalurobis gamoxatuleba (saidan daiwyo grumingi – ulvaSidan, 

kudis da genitaliebisken, Tu areulad), aseve grumingis fazebis 

Tanamimdevroba. 

grumingis analizis meore meTodi gulisxmobs grumingis sintaq-

turobis kvlevas. am meTodis mixedviT, qceva iyofa or nawilad: 

jaWvuri (sintaqturi) da arajaWvuri grumingi. jaWvuri grumingi 

CarTulia sxva arajaWvuri gruminguli moZraobebis kompleqsSi, is 

gadadis sxva grumingul moZraobebSi, romelic ar ekuTvnis sin-

taqtur grumings. sintaqtur grumings axlavs dofaminis D1 recep-
torebis gaaqtiureba, rac xels uwyobs sintaqturi moqmedebis 

ganviTarebas. misi Caqroba xdeba dofaminis D2 receptorebis gaaq-
tiurebiT [23]. 

meTodologiurad grumingis gamowveva xdeba sxvadasxva stresore-

bis zemoqmedebiT, rogoricaa Zlieri sinaTlis zemoqmedeba, wylis 

miwuweba, kudis moqaCva, curva, spontanuri grumingi (inducirebuli 

axali garemoTi), umoZraoba [15, 17, 20 , 22]. 

grumingis kvlevisTvis gamoiyeneba sxvadasxva qceviTi testebi: 1. ,,we-

bovani lentis mocileba~ – webovani lenti Tavsdeba virTagvis 

sxeulze, cxoveli grZnobs mas da gruminguli moZraobebis sa-

SualebiT cdilobs mis mocilebas. aRniSnuli testi gamoiyeneba 

mRrRnelebSi gruminguli moZraobebis unaris Sesaswavlad; 2. ,,so-

cialuri urTierTobis testi~ – igi gamoiyeneba socialur kon-

teqstSi grumingul qcevaze dasakvirveblad. aRniSnul testSi or 

mRrRnels aTavseben erT galiaSi da akvirdebian maT qcevas 

(alogrumingi da selfgrumingi); 3. ,,samkameriani testi~ – mas aseve 

uwodeben komunikabelobis kameras. gamoiyeneba nacnobi da ucxo 
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mRrRnelis (axlad gacnobili) kognituri unarebisa da grumingis 

Sesafaseblad. Cveulebriv, cxoveli did dros uTmobs axlad 

gacnobili cxovelis Seswavlas, vidre nacnobis. aRniSnuli testi 

gvexmareba Tagvebsa da virTagvebSi komunikabelurobis deficitis 

gamosavlenad. miuxedavad imisa, rom samkameriani testi gamoiyeneba 

socialuri urTierTqmedebis kvlevisTvis, gruminguli qceva buneb-

rivad gamoikveTeba dakvirvebis procesSi da mkvlevars SeuZlia am 

fenomenis struqturuli da raodenobrivi analizis gakeTeba; 4. ,,Ses-

xurebiT gamocda~ – am testSi mRrRnels erTjeradad asveleben 

wylis SxefebiT, aTavseben pleqsiglasis gamWvirvale kameraSi da 

akvirdebian grumings. Sesxurebis testi aris eqsperimentul piro-

bebSi grumingis gamowvevis martivi xerxi, sadac wyali warmoadgens 

aRniSnuli qcevis gamSveb stimuls; 5. ,,Ria velSi gamocda~ – es 

testi gamoiyeneba SfoTvis da kvleviTi aqtiurobis Sesaswavlad. 

Ria veli warmoadgens ra axal garemos da iwvevs cxovelis stress, 

misi gamoyenebiT grumingis kvleva Zalian informaciulia; 6. ,,jva-

redini amaRlebuli labirinTis testi~ – es aris testi, romelic 

iTvleba ,,oqros standartad~ SfoTvasTan dakavSirebuli qcevis 

Sesaswavlad. aRniSnuli testiT mRrRneli xvdeba stresul si-

tuaciaSi da misi qceviTi reaqciebi Seiswavleba da fiqsirdeba 

SemdgomSi. grumingi SeiZleba provocirebuli iyos SfoTviT, Sesa-

bamisad, aRniSnuli testi gruminguli qcevis Sesaswavladac mo-

saxerxebelia; 7. ,,mtacebliT an mtaceblis suniT zemoqmedebis 

testi~ – aRniSnul testSi stresorad SeiZleba gamoyenebuli iyos 

virTagva Tagvis winaaRmdeg, gveli virTagvas an Tagvis winaaRmdeg, 

aseve SesaZlebelia romelime mtaceblis sunis gamoyeneba. amrigad, 

aRniSnuli testiT gamoiwveva stresuli grumingi misTvis damaxa-

siaTebeli yvela parametriT [7, 24]. 

farmakologiuri preparatebi gansxvavebulad moqmedebs grumingul 

qcevaze: alogrumings amcirebs valprois mJava, XAV939, L-dofa. 
oqsitocinis antagonist nivTierebebs SeuZlia alogrumingis gaZ-

liereba. cefalo-kaudalur grumings aZlierebs diazepami. igi 

GABA-erguli anqsiolituri nivTierebaa, romelic moqmedebs gru-

mingis cefalo-kaudalur mimarTulebaze, amcirebs Sewyvetili gru-

mingebis raodenobas da grumingis fazebs Soris araswori 

gadasvlebis saerTo procents, flouqsetini (komerciuli saxelwo-

deba – prozaki) warmoadgens serotoninis ukumitacebis seleqtiur 

inhibitors, amcirebs cefalo-kaudaluri grumingis saerTo rao-

denobas. 

grumingul qcevaze analogiurad moqmedebs amitriptilini, romelic 

warmoadgens triciklur antidepresants gamoxatuli sedatiuri 

efeqtiT [7, 14]. 



 

 

 

 

9 

sayovelTaod cnobilia adrenokortikotropuli hormonis roli 

qcevis, maT Soris kompleqsuri, kognituri qcevis regulirebaSi. ma-

galiTad, adrenokortikotropuli hormonis intracerebruli mikro-

ineqciis Sedegad eqscesiuri grumingi Zlierdeba [11, 21]. 

farmakologiuri manipulaciebiT SesaZlebelia mRrRnelebSi gru-

mingis efeqturi modulireba. dofamini mTavari modulatoria mezo-

limbur da nigrostriatul sistemebSi. tvinis dofaminerguli sis-

tema mravali fiziologiuri funqciis realizaciaSi monawileobs, 

rogoricaa motorika, emociebis da qcevis motivaciuri komponen-

tebi, pirobiTrefleqsuri moqmedeba, qcevis specifikuri (rota-

ciuli, agresiuli, stereotipuli) formebi, maT Soris – grumingi 

[26]. mRrRnelebSi dofaminuri D1 receptorebis stimulacia (magali-

Tad, D1 agonistebis sistemuri Seyvana) aZlierebs rTul qceviT 

superstereotipulobas, axdens gruminguli jaWvebis, maT Soris 

gansakuTurebiT myari stereotipuli jaWvebis Warb producirebas. 

D2 receptorebis agonistebis sistemuri Seyvana, magaliTad, halo-

peridolis, xels uSlis grumingis Tanamimdevrobis stereotipu-

lobas [15]. 

cnobilia, rom rTuli Tanamimdevruli gruminguli qcevis Sesru-

lebisa da koordinaciisTvis aucilebelia nigrostriatuli siste-

mis normaluri funqcioba. 6-hidroqsidofaminis, kaenis mJavis da 

zogierTi sxva neirotoqsinis aRniSnul ubanSi intracerebruli 

mikroineqciis Sedegad irRveva stereotipul moZraobaTa struq-

tura, rac dakavSirebulia dofaminerguli receptorebis daziane-

basTan [2]. 

mRrRnelebis sxvadasxva Stamebs gruminguli qceva gansxvavebulad 

aqvs gamoxatuli. magaliTad, alogrumingis dabali doniT gamo-

irCeva BTBR, NF-kB, p-50, EN2-/- Tagvebis Stamebi, xolo R117X – 

alogrumingis maRali doniT; cefalo-kaudaluri grumingi sustad 

aris gamoxatuli 129S1 StamSi, xolo BALB/c da NMRI StamebSi igi 
normalurad vlindeba. selfgrumingi maRal donezea gamoxatuli 

Ninj1 knockout StamSi, SAPAP3-mutant-i aseve avlens selfgrumingis 

maRal dones; BTRB StamSi vlindeba rogorc selfgrumingis, aseve 

sxva ganmeorebadi qcevebis maRali done. SHANK3-i avlens iseTi 

donis selfgrumings, rom azianebs sakuTar sxeuls [7]. 

aRsaniSnavia, rom avtogrumingi, gansakuTrebiT ki misi mikro-

struqtura, mgrZnobiarea anqsiolituri saSualebebis mimarT, rac 

badebs SfoTvis sawinaaRmdego preparatebis fsiqofarmakologiuri 

kvlevis axal perspeqtivebs. kvlevebiT naCvenebia, rom zogierTi 

GABA-erguli anqsiolituri saSualebis (diazepami, korazoli) 



 

 

 

 

10 

mimarT grumingis cefalo-kaudaluri ganviTareba da misi wyveta 

gansakuTrebiT mgrZnobiarea. Sesabamisad, grumingis mikrostruq-

turis eTologiuri analizi SegviZlia gamoviyenoT, rogorc 

mniSvnelovani instrumenti SfoTvis qceviT farmakologiaSi [14]. 

klinikur praqtikaSi SfoTviTi aSlilobebis samkurnalo anqsio-

lituri farmakologiuri saSualebebi farTod gamoiyeneba, magram 

isini Zviria da axasiaTebT arasasurveli gverdiTi movlenebi, 

mosalodnelia, ganviTardes wamaldamokidebuleba da masTan dakav-

Sirebuli stigma. amitom saintereso iqneboda axali, aRniSnuli 

naklovanebebisgan Tavisufali anqsiolituri saSualebebis moZieba. 

am mxriv sayuradReboa mcenareul nedleulze damzadebuli 

bunebrivi anqsiolituri saSualebebi, gamorCeuli naklebi gverdiTi 

efeqtebiT, dabali RirebulebiT, mosaxleobis farTo wrisTvis xel-

misawvdomobiT. mRrRnelebSi avtogrumingis maRali mgrZnobeloba 

stres-faqtorebis da aseve bunebrivi anqsiolituri saSualebebis 

mimarT karg SesaZleblobas badebs sedatiuri fitopreparatebis 

gamosacdelad. 

Cvens laboratoriaSi Catarebuli kvlevebiT naCvenebia, rom Melissa 
officinalis L-is nayeni stresul garemoSi myof virTagvebSi amcirebs 

SfoTvas [18]. 

mcenareTa mravali saxeoba gamoiyeneba stresisa da SfoTviTi 

aSlilobebis samkurnalod, am TvalsazrisiT naklebad Seswavli-

lia kavkasiis da saqarTvelos endemur mcenareTa saxeobebi da maTi 

gavlena grumingze [19]. 

aseve xazgasasmelia avtogrumingis da misi mikrostruqturis 

gansakuTrebuli mgrZnobeloba sxvadasxva dofaminerguli disfunq-

ciebis mimarT, rac saSualebas gvaZlevs, SevafasoT aRniSnuli 

sistemis roli cns-is paTogenezis meqanizmebSi [4]. garda amisa, 

avtogrumingis analizi cns-is daudgeneli etio-paTogenezis mqone 

daavadebebis (turetis sindromi, obsesiur-kompulsuri aSliloba 

da sxv.) cxovelur modelebSi mkvlevarebis did interess iwvevs. 

mRrRnelebis avtogrumingi mogvagonebs aRniSnuli paTologiis 

damaxasiaTebel mraval simptoms, romelTa paTogenezSi CarTulia 

bazaluri birTvebi. es struqturebi aseve mniSvnelovan rols 

asrulebs grumingis iniciaciasa da modelirebaSi. Jil-de-la-tu-

retis sindromis da obsesiur-kompulsuri aSlilobis mqone pa-

cientebi avlenen moqmedebis, azrovnebis da metyvelebis superste-

reotipias, aseTive rTuli, stereotipuli struqtura gaaCnia mRrRne-

lebSi grumingis sintaqtur jaWvs, romelic Sedgeba fiqsirebul 

moqmedebaTa kompleqsebisgan, rac mkacrad sekvenirebulia [5]. 
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ganvixiloT mosalodneli gruminguli qceva neirofsiqiatriuli da 

neirodegeneraciuli darRvevebis cxovelur modelebSi: aberantul 

grumings SeiZleba davakvirdeT ramdenime fsiqonevrologiuri aSli-

lobis cxovelur modelSi (Tagvi, virTagva). TiToeuli daavadebis 

models, rogorc mosalodnelia, aqvs Tavisi damaxasiaTebeli gru-

minguli qcevis fenotipi. kvlevebiT naCvenebia gruminguli qcevis 

mosalodneli fenotipi, romelic miekuTvneba daavadebaTa konkre-

tul modelebs (ix. sur. 3). 

 
sur. 3. mosalodneli gruminguli qceva neirofsiqiatriuli da neiro-

degeneraciuli darRvevebis cxovelur modelebSi (Kalueff A.V. et al., 2016) 

RerZi X warmoadgens gruminguli aqtiobis sidides, romelic Sei-

Zleba Sefasdes dabali sixSiris gruminguli aqtiurobidan maRali 

sixSiris grumingul aqtiurobamde an drois monakveTSi grumingis 

mokle xangrZlivobidan gaxangrZlivebul aqtiurobamde. RerZi Y 

gviCvenebs Tanamimdevruli paternebis xarisxs, romelic varirebs 

mkacri da ganmeorebadi gruminguli qcevidan ufro moqnil, nakle-

bad stereotipul grumingul qcevamde. am diagramaze mRrRnelebis 

grumingis ,,mkacri~ paterni dafuZnebulia cefalo-kaudaluri pro-

gresiisadmi maRal midrekilebaze da maqsimalurad vlindeba 

jaWvuri grumingis dros, xolo ,,moqnili~ paternireba gamoixateba 

xSiri rRveviT da maqsimalurad vlindeba arajaWvuri grumingis 

dros. magaliTad, SAPAP3 Tagvebi, romelTac axasiaTebT obsesiur-

kompulsuri aSlilobis msgavsi qceva, xarjaven met dros grumingze 

da maTi es qceva bevrad ufro ganmeorebadia sakontrolo ujiSo 

TagvebTan SedarebiT. SfoTvis cxoveluri modelebi aseve gviCve-
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neben xangrZliv grumings, magram gruminguli aqtiurobis sekveni-

reba darRveulia. sapirispirod, parkinsonis daavadebisa da alc-

heimeris sindromis msgavsi modelebi avlenen grumingis globalur, 

progresirebad deficits moZraobiTi darRvevebis gamo. 

avtogrumingis Sefaseba cxovelebis nevrologiuri testirebis mniS-

vnelovan nawilad iTvleba, rac gvexmareba motoruli funqciis, 

moZraobis koordinaciis da sxva darRvevebis gamovlenaSi [12, 13]. 

amrigad, grumingis kvlevas didi potenciali gaaCnia rogorc 

zooeTologiuri, aseve translaciuri medicinis kuTxiT. grumingis 

analizi Seucvleli instrumentia qcevis neirobiologiur kvlevaSi 

da gvexmareba stresis da nervuli sistemis sxvadasxva daavadebebis 

axali, saintereso eqsperimentuli modelis SeqmnaSi. Tavis mxriv, 

cxovelur modelebze miRebuli translaciuri medicinis funda-

menturi kvlevebis Sedegebi perspeqtiuls gaxdis klinikuri medi-

cinis miRwevebs adamianTa mTeli rigi ucnobi etio-paTogenezis, 

gansakuTrebiT fsiqonevrologiuri da sxva genezisis daavadebaTa 

zusti diagnostirebisa da mkurnalobis meTodebis SemuSavebis 

TvalsazrisiT. 
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ЗНАЧЕНИЕ ИССЛЕДОВАНИЯ ГРУМИНГА 
ДЛЯ КЛИНИЧЕСКОЙ МЕДИЦИНЫ 

Георгий Андроникашвили1,  Теа Гурашвили1, 2,  Тамила Багашвили1, 3,  
Кетеван Гогешвили1,  Георгий Квернадзе1,  Михаил Окуджава1, 4,   
Сенера Чипашвили1,  Нино Ахобадзе1,  Малхаз Макашвили4 
1 Центр экспериментальной биомедицины им. И. Бериташвили, Тбилиси;  2 Кавказский 
университет, Тбилиси;  3 Тбилисский государственный университет им. И. Джавахишвили;  
4 Государственный университет Ильи, Тбилиси 

РЕЗЮМЕ 

Груминг – врожденное поведение, которое включает в себя множество функций. Груминг 
имеет бимодальный, комфортный и стрессовый характер. Аутогруминг очень чувствителен 
к стрессорам, а также к природным и синтетическим анксиолитикам. Исследователи 
считают, что изучение груминга у грызунов является хорошим инструментом для 
трансляционных нейробиологических исследований, поскольку аберрантный груминг, в 
частности, нарушение синтактической цепи груминга и его цефало-каудального направ-
ления, может быть связан с психоневрологическими расстройствами у человека. 
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THE VALUE OF GROOMING RESEARCH FOR CLINICAL MEDICINE 

Giorgi Andronikashvili1,  Tea Gurashvili1, 2,  Tamila Bagashvili1,3,   
Ketevan Gogeshvili1 ,  Giorgi Kvernadze1,  Mikheil Okujava1,4,   
Senera Chipashvili1,  Nino Akhobadze1,  Malkhaz Makashvili4 
1 Ivane Beritashvili Center for Experimental Biomedicine, Tbilisi;  2 Caucasus University, 
Tbilisi;  3 Ivane Javakhishvili Tbilisi State University;  4 Ilia State University, Tbilisi 

SUMMARY 

Grooming is an innate behavior that includes many functions. Grooming has a bimodal, 
comfortable and stressful nature. Autogrooming is very sensitive to stressors, as well as to natural 
and synthetic anxiolytics. Researchers think that rodent grooming assessment is a good tool for 
translational neurobiological studies, because aberrant grooming, in particular, the disruption of 
the synthetic chain of grooming and its cephalo-caudal direction, may be related to psychoneuro-
logical disorders in humans. 
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THE INFLUENCE OF THE ATMOSPHERE AIR POLLUTION 
ON THE HEALTH OF POPULATION AND 
THE PREVENTION MEASURES 

Nino Lomtatidze1,  Marina Gvianidze1,  Irina Nakashidze1,  Tinatin Gorgiladze1,  
Ia Davitadze2 

1 Batumi Shota Rustaveli State University, Georgia;  2 LEPL Public Health Center for 
the Autonomous Republic of Adjara, Batumi 

In Georgia atmosphere pollution has exceeded all the prognosis of the ecologists. According 
to the orientation data, thousands tons of the harmful substances are exuded each year. To 
resolve this issue, it is essential to technically improve the vehicles and enhance the quality of 
petrol. Today the scientists are facing an issue of an increased risk-factor influencing human 
health. It is important to work out the prophylactic measures protecting from the harmful 
biological influences. Polluted atmosphere negatively influences children, which is revealed 
through the deterioration of physical and psychic development of children and teenagers. 

This work is dedicated to studying main atmosphere air pollutions on the territory of Adjara 
in order to establish their role in causing various diseases. More specifically, the following 
pollutants have been studied: dust, carbon monoxide and sulfur and nitrogen dioxides. 
Additionally, a number of diseases linked to the pollution and registered in Adjara in 2017-
2019 have been studied. These are the following: chronic and undetermined bronchitis, 
asthma and diseases with asthma status, allergic rhinitis, and malignant cancer of trachea, 
bronchi and lungs. As a result, the possible number of the diseases caused by the atmosphere 
air pollution has been established. As a result of the research, it has been established that in 
order to improve atmosphere air condition the following measures need to be undertaken: 
follow the rules determined by the Georgian law on “Atmosphere Air Protection”; set in 
motion atmosphere air monitoring system; ban the import of low quality gasoline; improve 
the technical condition of the vehicles; organize transportation highways; renew and 
rejuvenate factories’ environmentally friendly equipment; maintain existing recreation zones 
and build the new ones. 

Keywords: pollution, atmosphere air, health, population 

In the modern period along the line with the scientific technological progress, production 
and transportation develop, new technologies are being introduced and the demands on 
the natural resources grow, which on its part causes deterioration of the biosphere 
indicator and reduction of the natural resources. Therefore, studying the tendencies of the 
atmosphere air pollution has a global meaning. In the recent years in the majority of the 
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countries, including Georgia, the environmental conditions have significantly worsened 
and the atmosphere air pollution indicator increased, which greatly influences 
population’s health and effects the level of diseases. This is why it is important to pay 
close attention to the measures reducing the negative impact on the environment. More 
precisely, together with eradicating numerous negative actions, it is crucial to protect the 
atmosphere air from being polluted. It is noteworthy that in the recent years more 
attention is being paid to the vehicle emissions containing various toxic admixtures. 
According to the World Health Organization (WHO), 40 000 substances used during the 
anthropogenic activities have a negative influence on human health and 12 000 of them 
have a toxic nature. 92% of the planet population lives in the environment, where the top 
level of the pollution exceeds that of established by the WHO. This problem leads to an 
early death of more than 3 million people every year. 

Atmosphere pollution in Georgia has exceeded all the prognosis of the ecologists. 
According to the orientation data, thousands tons of harmful substances are exuded each 
year. To resolve this issue it is essential to technically improve the vehicles and enhance 
the quality of the gasoline. 

Today the scientists are facing an issue of an increased risk-factor influencing human 
health. It is important to work out the prophylactic measures protecting from the harmful 
biological influence. Studying this subject is quite urgent taking into consideration the 
statistical analysis of the Ministry of Health of Adjara Autonomous Republic, according 
to which the number of genetic and oncological diseases has significantly increased on 
the territory of Adjara AR. Other spread diseases also include leucosis and thyroid 
pathologies. Based on the above mentioned, it is highly likely that there is a link between 
an increased number of diseases, atmosphere pollution and the risk-factors. Among 
diverse natural resources of Georgia, water resources – including groundwater – represent 
one of the major wealth of the country. The diversity of such essential natural resources 
in the country as a whole, as well as in its different regions, is conditioned by the 
country’s geographical and climate state [1, 3]. 

Majority of the population is susceptible towards the systematic influence of the meager 
concentration of harmful chemical agents, which are not safe for the human organism. 
The signs of the atmosphere air pollution can be observed through the irritated eyes and 
respiratory system mucous causing certain inflammation processes. Additionally, it might 
lead to the chronic bronchitis characterized by the respiratory rhythm disorder and 
impediment, which, on its turn, increases the pressure on heart and leads to the quite 
severe cardiovascular diseases. 

Polluted atmosphere negatively influences the children, which is revealed through the 
deterioration of physical and psychic development of children and teenagers. The level of 
retardation among children living in the polluted areas is approximately 3.3 times more 
than that of their peers living in “cleaner” districts. Among the illnesses the most frequent 
one is a respiratory disease followed by the cavity and musculoskeletal system 
impairment. Obesity, infectious and parasite diseases are also quite frequent [6]. 
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Toxic substances that penetrate the atmosphere with emission gasses represent a serious 
threat to the big part of the population living under such negative influence. Atmosphere 
air pollution through the vehicle emissions is caused by a series of physical and chemical 
factors including the following: intensity and volume of harmful substances’ isolation, the 
amount of the vehicles, the age and the technical condition of the vehicles, increased 
import of the transportation vehicles, gasoline type and quality, development of the public 
transportation, disorder of the transportation, urbanization characteristics, etc. Based on the 
above mentioned, it is easy to see that the atmosphere air pollution through the vehicle 
emissions represents one of the priority environmental issues and necessary measures ought to 
be taken to resolve it. From the vehicle emissions, atmosphere air is mostly polluted with the 
carbon dioxide, hydrocarbon (volatile organic mixtures and a small amount of methane), 
nitrogen acids, sulfuric acid, soot, benzapilene and others. The cause of atmosphere air pollution 
through the vehicle emissions usually appears to be an accumulated depreciation of the 
vehicles, vehicles with technical disorders and low quality gasoline usage [2, 4]. 

Providing the population with a high quality drinking water is one of the top priority 
issues of every state’s socio-economic policy. Overlooking them is reflected on the 
development of the mankind, as well as each individual and engenders various negative 
outcomes and harm. 

Clean water represents one of the crucial aspects of the human development: it enhances 
his abilities and greatly contributes to the formation of the effective cycle of health and 
well-being improvement. Unlimited access to the clean drinking water is one of the basic 
fundamental rights of an individual. The UN resolution of the Economic, Social and 
Cultural Rights Committee “Human Rights on the Water”, calls on providing each 
individual with clean and high quality water, including the drinking water. The providing 
each person with at least 20 liters of clean water within 24 hours to satisfy their needs, 
represents the demonstration of human rights on water and the minimal objective of each 
government. This obligation demonstrates universal values and the responsibility of 
governments towards their population [5]. 

RESEARCH AIMS, OBJECTIVES AND METHODOLOGY 

The aim of our research was to monitor the concentration of major atmosphere air pollution on 
the Adjara AR territory in order to identify their role in causing certain diseases. 

Based on the research aim, we have established the following objectives: determining the 
concentration of the following pollutants in Batumi atmosphere air: dust, carbon 
monoxide, sulfur and nitrogen dioxides; determining the statistical data of the registered 
cases of the following diseases in 2017-2019 in Adjara AR: chronic and undetermined 
bronchitis, asthma and diseases with asthma status, allergic rhinitis, malignant cancer of 
trachea, bronchi and lungs linked with the air pollution problem. 

Using analytical chemistry, chemical and physical-chemical methods on the bases of 
Environment Monitoring laboratory, the concentration of chemical atmospheric air 
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pollutants (dust, SO2, CO and NO2) in the air was determined in Batumi. The principle of 
dust determination method is based on establishing its concentration, which is done by 
reducing special aerosol filter to the permanent weight before testing and afterwards by 
distinction of the latter weight and the weight received after the aspiration of examined 
air in a prepared filter. Determination of the CO mass concentration is based on its 
measuring with the help of gas-analyzer Palladium – 3M-01, which controls the 
maximum permissible concentration of CO in the atmospheric air. The measurement 
method is electric-chemical. The determination method of NO2 is based on catching it 
with the special sorbent nitrogen paint. Produced nitrate ions are determined through 
photometric method. Determination of SO2 is based on oxidation of sulfur dioxide with 
hydrogen peroxide through the air; afterwards, catching it with barium chlorine and 
further photometric determination of the produced sulphate ions [6]. 

Table 1 
The average annual concentration dynamics of major atmospheric air pollutants 

in Batumi, according to 2017-2019 monitoring results, mg/m3 

Years 

2017 2018 2019 Air pollutants 

MSC AMC MSC AMC MSC AMC 

Dust 0.6 0.4 0.7 0.5 0.5 0.3 

Carbon Dioxide CO 6.0 1.5 2.89 0.93 3.88 2.5 

Sulfur Dioxide SO2 0.16 0.10 0.15 0.076 0.14 0.068 

Nitrogen Dioxide NO2 0.21 0.18 0.23 0.128 0.20 0.099 

MSC – maximum single concentration, AMC – average monthly concentration 

According to the researches, it has been determined that in 2017 the average annual 
concentration of the main atmospheric air pollutants in Batumi was as follows: dust: 
maximum single concentration – 0.6 mg/m3, average monthly concentration – 0.4 mg/m3; 
carbon dioxide CO: maximum single concentration – 6.0 mg/m3, average monthly 
concentration – 1.5 mg/m3, sulfur dioxide SO2: maximum single concentration – 0.16 
mg/m3, average monthly concentration – 0.10 mg/m3; nitrogen dioxide NO2: maximum 
single concentration – 0.21 mg/m3, average monthly concentration – 0.18 mg/m3. In 
2018: dust: maximum single concentration – 0.7 mg/m3, average monthly concentration – 
0.5 mg/m3; carbon dioxide CO: maximum single concentration – 2.89 mg/m3, average 
monthly concentration – 0.93 mg/m3, sulfur dioxide SO2: maximum single 
concentration – 0.15 mg/m3, average monthly concentration – 0.076 mg/m3; nitrogen 
dioxide NO2: maximum single concentration – 0.23 mg/m3, average monthly concen-
tration – 0.128 mg/m3. In 2019: dust: maximum single concentration – 0.5 mg/m3, 
average monthly concentration – 0.3 mg/m3; carbon dioxide CO: maximum single 
concentration – 3.88 mg/m3, average monthly concentration – 2.5 mg/m3; sulfur dioxide 
SO2: maximum single concentration – 0.14 mg/m3, average monthly concentration – 
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0.068 mg/m3; nitrogen dioxide NO2: maximum single concentration – 0.20 mg/m3, 
average monthly concentration – 0.099 mg/m3 (Table 1). 

As a result of the three-year monitoring on atmospheric air pollution, the changes in terms 
of air pollution worsening have been noticed. It is connected with the increased number 
of vehicles, their technical problems, speed, fuel quality, etc. At the same time, taking into 
consideration that the air observation booth is located on a highway, near the traffic light, 
where the vehicles often brake, the fact of increased air pollution becomes explainable. 

Based on the data of the Ministry of Health of Adjara Autonomous Republic, we also studied 
the number of the registered diseases on Adjara Autonomous Republic territory in 2017-2019, 
which might significantly be in a correlative connection with the air pollution. The following 
belongs to the category of above mentioned diseases: chronic and unspecified bronchitis – there 
were 1822 registered cases of chronic and unspecified bronchitis diagnosis in 2017; the 
prevalence was 459.2; in 2018 – 2415 cases, prevalence – 601.64; 2019 – 4085 cases, 
prevalence – 1016.49. Asthma and asthma status diseases: 2017 – 1514 registered diagnosis, 
prevalence – 381.6; 2018 – 1223 cases, prevalence – 304.68; 2019 – 1270 cases, prevalence – 
316.02. Allergic rhinitis – 1372 diagnosed registered cases in 2017, prevalence – 345.8; 2018 – 
1706 diagnosed cases, prevalence – 425.01; 2017 – 2430 diagnosed cases, prevalence – 604.67. 
Trachea, bronchi and lung malignant tumor – 2017, prevalence was 3.4 among women and 40 
among men; in 2018 prevalence – among women – 3.9 and among men – 45; in 2019 
prevalence was 4 among women and 37 in case of men (Table 2). 

Table 2 

The diseases registered and diagnosed in 2017-2019 in Adjara Autonomous Republic 
connected to the atmospheric air pollution 

№ Years 2017 2018 2019 

1 Disease 
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2 Chronic and 
unspecified bronchitis 1822 459.20 2415 601.64 4085 1016.49 

3 Asthma and asthma 
status 1514 381.60 1223 304.68 1270 316.02 

4 Allergic rhinitis 1372 345.80 1706 425.01 2430 604.67 

5 Trachea, bronchi and 
lungs malignant tumor   

Among 
women – 

3.4, 
among 

men – 40 
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women – 
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men – 45 
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women – 
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RESULTS 

The concentration of main atmosphere air pollutions on the territory of Adjara AR was 
determined in order to identify their role in causing various diseases. More specifically, 
the following pollutants have been studied: dust, carbon monoxide and sulfur and 
nitrogen dioxides. Additionally, a number of diseases linked to the pollution and 
registered in Adjara in 2017-2019 have been studied. These are the following: chronic 
and undetermined bronchitis, asthma and diseases with asthma status, allergic rhinitis, 
and malignant cancer of trachea, bronchi and lungs. As a result, the possible number of 
the diseases caused by the atmosphere air pollution has been established. 

In order to improve atmosphere air condition, the following measures need to be 
undertaken: follow the rules established by the Georgian law on “Atmosphere Air 
Protection”; set in motion atmosphere air monitoring system; ban the import of low 
quality gasoline; improve the technical condition of the vehicles; organize transportation 
highways; renew and rejuvenate factories’ environmentally friendly equipment; maintain 
existing recreation zones and build the new ones. 
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atmosferuli haeris dabinZurebis gavlena mosaxleobis 
janmrTelobaze da dacvis RonisZiebebi 

nino lomTaTiZe1,  marina gvianiZe1,  irina nakaSiZe1,   

TinaTin gorgilaZe1,  ia daviTaZe2 

1 baTumis SoTa rusTavelis saxelmwifo universiteti, saqarTvelo;  
2 ssip aWaris avtonomiuri respublikis sazogadoebrivi jandacvis centri 

reziume 

saqarTvelos masStabiT atmosferos dabinZurebam ekologebis yvela pro-

gnozs gadaaWarba. saorientacio monacemebis Tanaxmad, garemoSi yovel-

wliurad gamoiyofa aTasobiT tona mavne nivTiereba. am problemis mo-

sagvareblad saWiroa avtoparkis teqnikuri mdgomareobis da sawvavis 

xarisxis gaumjobeseba. dReisTvis mecnierebis winaSe dgas sakiTxi, Tu ra 
gavlena aqvs momatebul risk-faqtors adamianis janmrTelobis mdgoma-

reobaze. saWiroa SemuSavdes mavne biologiuri zemoqmedebisgan dacvis 
profilaqtikuri RonisZiebebi. dabinZurebuli atmosfero uaryofiTad 
moqmedebs bavSvTa janmrTelobaze. SeiniSneba bavSvTa da mozardTa fi-
zikuri da fsiqikuri ganviTarebis maCveneblebis gauareseba, harmoniuli 
ganviTarebis CamorCena. 

warmodgenil naSromSi Seswavlilia aWaris avtonomiuri respublikis te-

ritoriaze atmosferuli haeris ZiriTadi damabinZureblebis koncentracia 

sxvadasxva daavadebebis gamowvevaSi maTi rolis dadgenis mizniT. kerZod, 

gansazRvrul iqna q. baTumis teritoriaze atmosferul haerSi damabinZu-

rebeli nivTierebebis (mtveri, naxSirbadis monoqsidi, gogirdisa da azo-

tis dioqsidebi) koncentracia da Seswavlil iqna aWaris avtonomiuri 

respublikis teritoriaze registrirebul daavadebaTa (qronikuli da 

dauzustebeli bronqiti, asTma da asTmuri statusi, alergiuli riniti, 

traqeis, bronqebis, filtvis avTvisebiani simsivneebi) 2017-2019 ww. sta-

tistikuri monacemebi. kvlevis Sedegad dadgenil iqna, rom atmosferos 
haeris gajansaRebis mizniT aucilebelia atmosferuli haeris monito-

ringis erTiani sistemis amoqmedeba, dabali xarisxis sawvavis Semotanis 
akrZalva, avtoparkis teqnikuri mdgomareobis gaumjobeseba, satrans-

porto magistralebis wesrigSi moyvana, sawarmoTa mtverdamWeri nage-

bobebis ganaxleba da aRdgena, arsebuli sarekreacio zonebis SenarCuneba 
da gafarToeba. 



 

 

 

 

22 

ВЛИЯНИЕ ЗАГРЯЗНЕНИЯ АТМОСФЕРНОГО ВОЗДУХА НА ЗДОРОВЬЕ 
НАСЕЛЕНИЯ И МЕРЫ ПРЕДОСТОРОЖНОСТИ 

Нино Ломтатидзе1,  Марина Гвианидзе1,  Ирина Накашидзе1,  Тинатин 
Горгиладзе1,  Ия Давитадзе2 
1 Батумский государственный университет им. Шота Руставели, Грузия;  2 Центр 
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РЕЗЮМЕ 

Загрязнение атмосферы в масштабах Грузии превзошло все прогнозы экологов. Согласно 
ориентировочным данным, ежегодно в окружающую среду выделяются тысячи тонн 
вредных веществ. Для решения данной проблемы необходимо улучшение технического 
состояния автопарка и качества топлива. Сегодня перед наукой стоит вопрос – каково 
влияние повышенного риск-фактора на состояние здоровья человека. Необходимо про-
вести профилактические меры защиты от вредного биологического воздействия. Загряз-
нённая атмосфера также негативно сказывается на здоровье детского населения. 
Замечается ухудшение показателей физического и психического развития детей и 
подростков, их отставание в гармоничном развитии. 

В данной работе изучена концентрация основных загрязнителей воздуха на территории 
Аджарской АР с целью установления их роли в возникновении разных заболеваний. В 
частности, была определена концентрация загрязняющих веществ (пыль, монооксид 
углерода, диоксид серы и диоксид азота) в атмосферном воздухе на территории города 
Батуми. Также были изучены статистические данные 2017-2019 гг., зарегистрированных на 
территории Аджарской Автономной Республики заболеваний (хронический и неуточ-
ненный бронхиты; астма и астматический статус, аллергический ринит; злокачественные 
опухоли трахеи, бронхов и легких). Как показали исследования, с целью оздоровления 
атмосферного воздуха необходимо: задействовать единую систему мониторинга атмо-
сферного воздуха, запретить ввоз низкокачественного топлива, улучшить техническое 
состояние автопарка, привести в порядок транспортные магистрали, обновить и вос-
становить пылезадерживающие сооружения предприятий, сохранить и расширить сущест-
вующие рекреационные зоны. 
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Following this brief preface, we (the scientists from the Tbilisi State Medical University together 
with scientists from Iv. Beritashvili Centеr for Experimental Biomedicine) will present our 
methods and results in our article “Comparative Analysis of the Antioxidant Activity of Folium 

pX, Folium Immuno, and Folium RelaX”. 

In brief, Mr. Babry Oren is a co-inventor of Folium 
pX, Folium Immuno, and Folium Relax. 

Over the course of more than a decade, based on the 
results of independent laboratory testing, Mr. Babry 
Oren (and his team of scientific advisors from all-over 
the world) fine-tuned these three basic formulas to 
most effectively address the three major causes 
of Oxidative Stress and the cascade of potentially 
deadly events that can be triggered, as a result. 

Furthermore, these formulas, patents, trade secrets, 
and all the products and manufacturing rights 
associated therewith, are 100% owned by the BAO 
Health Resources Corporation (The United States 
Company based in Los Angeles, California). 

In consideration of the above, and our gratitude to 
Mr. Oren and BAO Health Resources Corporation for 

allowing us to participate in and contribute to this mission, we have made the decision to invite 
Mr. Babry Oren to participate as a co-author of the following article about the methodologies 
and the results of our carefully monitored major scientific studies. 

Mr. Babry Oren is expressing his gratitude to Professor, Doctor of Sciences David Dzamukashvili for 
his tireless and selfless assistance for creating products below in the name of HUMANITY. 

On our end in consideration of the above, and our gratitude to Mr. Oren and BAO Health 
Resources Corporation for allowing us to participate in and contribute to this mission, we have 

Babry Oren – Founder and President of 
BAO Health Resources Corporation 
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made the decision to invite Mr. Babry Oren to participate as a co-author of the following article 
about the methodologies and the results of our carefully monitored major scientific studies. 

In this work we decided to conduct an experimental analysis (experiments on rats) and 
compare the antioxidant effect of all three folium modifications. 

The experiments were carried out on rats under conditions of oxidative stress caused by 
whole body hyperthermia. 

The experiments showed that the amount of active oxygen metabolites (d-ROMs) decreased 
only when taking one drug (Folium relax), and this drug also caused a sharp increase in the 
content of antioxidants (PAT) in the blood. The same drug causes both a risk of oxidative 
stress imbalance and a decrease in the oxidative stress index. From the foregoing, we can 
conclude that although all three types of folium exhibit antioxidant properties, the effect of 
Folium Relax is the most effective and pronounced. 

Key words: folium, oxidative stress, hyperthermia 

INTRODUCTION 

In the present study we decided to conduct an experimental analysis (in rats) and compare 
the antioxidant effects of all three modifications of Folium, created for clinical treatment 
of oxidative stress. 

What are the Foliums and what are they made of? Folium pX is a plant based Nutraceutical 
manufactured and distributed by BAO Health Resources Corporation, the United States 
company based in Los Angeles, CA. Folium pX was developed in the Georgian State of 
the former USSR at the direction of the government following the Chernobyl disaster 
(April, 1986). 

Later two modifications of Folium (Folium Immuno and Folium Relax) have been 
developed by BAO Health Resources. Let's take a quick look at the compositions of all 
three Foliums. 

Folium pX: Folium pX is comprised of all-natural fusions of powerful super-antioxidants 
found in its two key ingredients, pine bark extract and grape seed extract. These are 
combined through a precise, high-tech process with other all-natural ingredients from 
plants and flowers, resulting in the most powerful and safest cleansing supplement possible. 

Folium Immuno:Extract of Pine Parts (Needles Bark. Cone Extract of Grape Seeds). 
Other ingredients: Ginger Extract, Turmeric Extract, Green Tea Extract, White Pepper 
Extract, Mustard Extract, Extract of Pomegranate (Peel, Seed), Microcrystalline Cellulose 
Hypromellose, Magnesium Stearate, Silicon Dioxide. 

Folium Relax: Extract of Pine Parts (Needles Bark, Cone). Extract of Grape Seeds. Other 
ingredients: Folata, Gingko Bilone, Green Tea, Peony Root, Pomegranate Juice Powder, 
Pomegranate Pulp, Rhodiota Rose and Valerian Root. 
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The main purpose of all three species of folium is to alleviate oxidative stress (induced by 
various causes), or at best to its completeelimination. It is known that the problem of 
oxidative stress has been intensively studied since the sixties of the last century and its 
urgency, it can be said, has reached its peak today. It is probably difficult to find any 
pathological condition that does not accompany or is not involved in the development of 
this phenomenon – neurodegenerative disorders, cancer, ischemic cascade, Parkinson's 
and Alzheimer's diseases, and more. It has also been established that in cells an oxidative 
stress is associated with hyperthermic exposure [5]. 

It has long been known that a free radical is produced in a biological system when the 
oxygen involved in metabolism loses electrons. In order to repair the loss, it tries to take 
away the electron from the molecule present in the cell membrane and, consequently, a 
new free radical is generated. 

This process can continue for a good long time and cause damage to the cell membrane. 
The integrity of the cell is violated and the path is given to the development of this or that 
pathological process, acceleration of the aging process, disruption of the function of the 
blood microcirculation system, disruption of the hemorrhagic system, deterioration of 
hemorrhagic properties, increase in blood viscosity, etc. The trigger of such processes (or 
trigger mechanism) can be any kind of stress (physical, chemical, psychological), 
ionizing radiation caused by radioactivity, which causes the formation of free radicals, 
etc. It was not until the late 1960s that McCord and Fridovich declared in 1959 that 
superoxide anion was a dangerous free radical that is formed in a living organism and that 
superoxide dismutase could kill it [4]. 

It is now clear that the formation of free radicals is one of the universal pathogenic 
mechanisms in various types of cell damage (the distinguish between short-lived and 
long-lived free radicals in terms of viability). Typically the short-lived free radicals are 
atoms, or small molecules [2]. 

The state of homeostasis, characterized by an increase in the content of free-radical 
molecules is known as “oxidative stress” [1]. 

The reason for the development of oxidative stress may be either an increase in the 
production of free radicals, or a decrease in the effectiveness of the body's antioxidant 
systems. Oxidative stress can be local (for example, local inflammation), generalized (for 
example, for radiation), moderate (when individual biomolecules are broken down and 
modified), and strong – dying cells or their groups [2]. 

In view of the above, it can be said that humanity has inflicted a severe sentence on free 
radicals. He practically "declared war" on them and fights them with a lot of antioxidants 
or bio-supplements. One of the latest results of such action is the modification of three 
types of antioxidants Folium immuno and Folium Relax created by BAO Health 
Resources, the evaluation of their antioxidant effects being the main task of our 
experimental study. 
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Research approach 

The problem of oxidative stress has been intensively studied since the 60s of the last 
century, and its urgency has reached its peak today. It is probably difficult to find any 
pathological condition that is not accompanied or is not involved in the development of 
this phenomenon – neurodegenerative disorders, cancer, ischemic cascade, Parkinson's 
and Alzheimer's diseases, etc. [3, 6, 8, 9]. 

It has been established that hyperthermic exposure also causes the development of 
oxidative stress [4], which is based on the mass production of free radicals [1]. 
Hyperthermia is therefore one of the most beneficial effects that allows us to study the 
effectiveness of various antioxidants. 

An experimental study was performed on white rats exposed to hyperthermia, and the 
resulting change in oxidative stress levels was studied using the Italian instrument FRAS 
5 (firm H&D). 

MATERIAL AND METHODS 

Hyperthermia cabin 

Experiments were conducted on 200-250 g (with mass) on a control and experimental 
group of white laboratory rats. Each group consisted of 5 healthy animals. 

The animals hyperthermically were treated in a special cabin of 1 cubic meter (Fig. 1), in 
which the temperature was changed by the introduction of hot air into its space and the 
achieved level was automatically fixed at the required level by an automatic on-off 
system. The front of the cabin is made of glass, which allows us to control the behavior of 
animals in the cabin. 

Accounting for oxidative stress indicators 

As mentioned earlier, oxidative stress levels were recorded using the Italian FRAS5 (Free 
Radical Analytical System) system, which allows us to measure the following free radical 
scores: 

d-ROMs test is a photometric test that is done in analysis laboratories using an analytical 
instrument called photometer. d-ROM test essentially determines the concentration of 
hydroperoxides in the blood, which are substances that belong to a broad class of 
Reactive Oxygen Metabolites (ROMs). 

PAT-test – the test to measure the systemic antioxidant potential (Plasma Antioxidant 
Test). The PAT test allows the measuring the blood concentration of antioxidants as 
agents to reduce the iron from its ferric (Fe3+) to ferrous form (Fe2+). This test is 
expressed as Cor. Unit, which corresponds to 1.4 mcmol/L of Vit C. 
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The OBRI (Oxidative Balance Risk Index) determines the status of the oxidative 
balance according to the cholesterol level and is an interesting predictive index for the 
cardiovascular risk. 

The OSI (Oxidative Stress Index) sums up in single value the information obtained 
from the d-ROM and PAT tests and makes easier and more immediate the interpretation 
of the result. Thus, the use of FRAS 5 allows us to find out and get information about the con-
dition of the patient (or animal, in our case) oxidative stress or antioxidants in the blood. 

Technology of experiments conducted 

The following algorithm for conducting the experiments presented by us and here has 
been selected: 

The first series of experiments was performed on intact animals, on which the parameters 
were measured using FRAS 5 without the use of a hyperthermic chamber, i.e. under 
normal conditions. We take 1 ml of blood from the superior vena cava of the test rat, then 
this sludge is divided into two eppenders that are placed in centrifuges of FRAS 5 and the 
instrument begins the measurements. The obtained results are automatically printed on 
the printing device. 

In the next series, the experimental rats undergo hyperthermic exposure in a special 
hyperthermic chamber before taking blood (Fig. 1), and then the same thing already 
happens with intacts. 

 
Fig. 1. Hyperthermia cabin 
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We used three levels of hyperthermia at 40, 42 and 44 degrees in the experiments, i.e. low 
levels that are close to normal, medium (420) and high (440). The high level was 
determined by the principle that in the case of rats, a rise in temperature to 44 degrees 
under hyperthermia does not cause a change in circulatory level in the brain (compared to 
normal), if the temperature rises slightly above 44 degrees, there is a sharp circulatory 
disorder and the rat dies quickly. 

In intact animals that were not affected by the amount of free radicals (i.e. hyperthermia) 
we used only the introduction of folate species. 

The Oxidation Balance Risk Index (OBRI) and finally the Oxidative Stress Index (OSI), 
in which the same group of animals was then given the standard amount of follicle 
species (17 mg/kg) injected daily (for 7 days) and the results were obtained at the week of 
each drug administration. Finally, the obtained results are given in the Table 1. 

Table 1 

Data obtained on absolutely intact animals and on them, 
who separately received the same doses of three different types of folium 

(Folium Immuno, Folium pX and Folium Relax) 

Experimental conditions d-ROMs
U Carr 

PAT 
U Cor 

OBRI 
index 

OSI 
index 

Intact (control) 222 ± 10.3 2364 ± 134 0.8 ± 0.07 36 ± 6.9 

Folium Immuno 17 mg/kg 
Injections daily for 7 days, for analysis was 
taken at the end of the week 

257 ± 13.8 3099 ± 105.8 0.7 ± 0.05 17 ± 4.3 

Folium pX 17mg/kg 
Injections daily for 7 days, for analysis was 
taken at the end of the week 

231 ± 16.5 2592 ± 183.0 0.8 ± 0.10 28 ± 9.0 

Folium Relax 17 mg/kg 
Injections daily for 7 days, for analysis was 
taken at the end of the week 

267 ± 11.8 3011 ± 112.5 0.8 ± 0.07 11 ± 5.2 

After completing the series of experiments described, we moved on to the series of 
experiments in which, as already mentioned, we treated the whole body with 
hyperthermia at 40, 42 and 44 degrees of Celsius, allowing us to see the effect of follicles 
on increasing hyperthermia in these series. The increasing effect of free radical generation 
is obtained depending on the temperature. That is, in these series of experiments we were 
able to account for the effect of the action of folic species when oxidative stress levels 
were increased in animals. 

As already mentioned, a hyperthermia cabin was used, which housed various series of test 
animals. They were exposed (after recording the intact situation) to low (40 degrees), 
moderate (42 degrees) and high (44 degrees) hyperthermia. 
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The results of these experiments are presented in Table 1, where we see 4 variants of the 
data obtained on absolutely intact animals, which were measured. 
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Fig. 2. The results of dROMs obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 40 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Foliums were used on the 
background of WBH 40 degrees 
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Fig. 3. The results of PAT obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 40 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Foliums were used on the 
background of WBH 40 degrees 

We then present a series of diagrams obtained under conditions of hyperthermia exposure 
to animals. As already mentioned, three levels of hyperthermia were used – 40, 42 and 44 
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degrees. In all three cases, except for all three types of follicles, the data were necessarily 
measured also in the intact state and also only in the conditions of hyperthermia. 
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Fig. 4. The results of OBRI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 40 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Foliums were used on the 
background of WBH 40 degrees 
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Fig. 5. The results of OSI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 40 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Foliums were used on the 
background of WBH 40 degrees 
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Fig. 6. The results of dROMs obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 42 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 42 degrees 
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Fig. 7. The results of PAT obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 42 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 42 degrees 
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Fig. 8. The results of OBRI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 42 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
ofWBH 42 degrees 
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Fig. 9. The results of OSI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 42 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 42 degrees 

Finally, the last of images represent the same (as in the previous figures) changes during 
hyperthermia at 44 degrees. 
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Fig. 10. The results of dROMs obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 44 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 44 degrees 
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Fig. 11. The results of PAT obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 44 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 44 degrees 
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Fig. 12. The results of OBRI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 44 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 44 degrees 
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Fig. 13. The results of OSI obtained on intact animals (1), animals that received whole body 
hyperthermia (WBH) at 44 degrees (2), as well as the results of the effect of Folium pX (3), 
Folium immuno (4) and Folium Relax (5) – all three types of Folium were used on the background 
of WBH 44 degrees 

ANALYSIS OF THE OBTAINED RESULTS AND CONCLUSION 

Let us first analyse the results in Table 1 obtained from intact animals, as well as animals 
that received all three types of folium injections separately. 

As we see, absolutely intact animals (without any stressful effects) are characterized by a 
higher value of the Oxidative Stress Index (OSI) (equal to an average of 36). What 
changes do we make in these types of animals that are not stressed by the introduction of 
a variety of follicles# As the given table shows one of the indicators, which underwent a 
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statistically significant change (decrease) turned out to be only the already mentioned 
oxidative stress index (OSI), and as for the other data (d-ROMs, PAT and OBRI) here the 
principal difference when entering follicle species is their mean (For rats) we do not see 
in the meanings. 

Now let us analyse the low (40 g), medium (42 g) and high (44 g) levels of hyperthermic 
effects caused by the same values (the corresponding data are presented in appropriate 
figures). It decreases, while OBRI and OSI increase, as for 42 degrees – only OSI is here. 

The decrease in measurement was obtained only in the measurement of OSI, while the 
rest of the indicators increased in terms of 44 degree conditions. Hyperthermia caused an 
increase in d-ROMs and PAT, while a decrease in both OBRI and OSI. These data, we 
repeat, are obtained only under conditions of different levels of hyperthermia and they 
have nothing to do with follicles. 

Let us now look at the effects of using all three varieties of follicles under different 
hyperthermic conditions. 

Let’s start by analysing the action of folium pX at 40 degrees hyperthermia. As we can 
see in appropriate figures, folium pX causes a sharp increase in d-ROMs and PAT and a 
decrease in both OBRI and OSI. Approximately, the same type of reactions was obtained 
under hyperthermia at 42 degrees. Under conditions of high hyperthermia, only an 
increase in OBRI was observed, while a decrease in other parameters was observed. 

Let us now look at the effects of folium immuno suppression using the same three levels 
of hyperthermia. We start when the animals are in 40 degree conditions. As there is an 
increase in PAT and OSI, while the rest of the values (d-ROMs and OBRI) decrease. As 
for the increase of hyperthermia in the first stage up to 42 degrees here we get the 
increase of d-ROMs and PAT, while OBRI and OSI – the decrease. 

As the obtained data have shown, quite different results in all three used species of folium 
we obtain quite different results, which forces us to take into account the following 
factors. 

The purpose of all three types of folic acid is to have an antioxidant effect. Therefore, the 
study of these effects should mainly be performed under conditions of oxidative stress. 
With this in mind, we must emphasize that in the case of hyperthermia, we have no 
guarantee that under conditions of both 40- and 44-degrees exposure to animals, we are 
guaranteed to have only hyperthermia conditions, because in cases 40 and 44 degrees 
physiological conditions (especially at 44 degrees), change dramatically. Since we have 
obtained quite different results in all three types of hyperthermia, we consider the task at 
hand when we need to study the effects of free radical scavenging effects only, we should 
limit ourselves only by the analysis of the results obtained at 42°, since the diagrams we 
have obtained show that only at this temperature we have smooth, and not abrupt, 
counter-directed changes in all recorded parameters (as in the case of 40 and 44 degrees), 
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which clearly indicates the connection (at these temperatures) of others. Yet, unknown 
factors affected on the dynamics of free radicals. 

Based on the foregoing, we can conclude that the antioxidant effects of used Foliums in 
conditions of the whole body hyperthermia, we should study only at a temperature of 42 
degrees. As our data show, under these conditions, Folium Relax has the most pro-
nounced antioxidant effect and that research should be continued also under other ex-
perimental conditions. 
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РАСТИТЕЛЬНЫХ ПРЕПАРАТОВ ФОЛИУМА 

Леван Микеладзе1,  Бабри Орен2,  Марина Девдариани3,  Марина Небиеридзе3,  
Лали Гумберидзе3,  Лена Давлианидзе3,  Ия Квачакидзе3,  Нино Сихарулидзе3,  
Нино Чикобава4,  Нодар Митагвария3 
1 Тбилисский государственный медицинский университет;  2 BAO Оздоровительная 
Корпорация, Тарзана, США;  3 Центр экспериментальной биомедицины им. Ив. Бериташвили, 
Тбилиси, Грузия;  4 Грузино-Израильскя совместная клиника «Гидмеди», Тбилиси 

РЕЗЮМЕ 

В настоящей работе мы решили провести экспериментальный анализ (опыты на крысах) и 
сравнить антиоксидантное действие всех трех модификаций фолиума. 

Эксперименты проводились на крысах в условиях окислительного стресса, вызванного 
гипертермией всего тела. 

Как показали эксперименты, количество активных метаболитов кислорода (d-ROMs) 
снижалось только при приеме одного препарата (Фолиум релакс), также этот препарат 
вызывал резкое повышение содержания антиоксидантов (PAT) в крови. Один и тот же 
препарат вызывает как риск дисбаланса окислительного стресса, так и снижение индекса 
окислительного стресса. Из всего вышеизложенного можно сделать вывод, что, хотя все три 
вида фолиума проявляют антиоксидантные свойства, но наиболее эффективным и 
выраженным является эффект Фолиума релакс. 
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STUDY OF COMORBIDITIES IN PATIENTS 
INFECTED WITH COVID-19 

Ia Murvanidze1,  Nino Lomtatidze1,  Nino Kedelidze1,  Teona Gogitidze2,   
Irina Nakashidze1 

1 Batumi Shota Rustaveli State University, Georgia;  2 BAU Batumi International 
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Covid-19 (caused by SARS-CoV-2) is a global problem due to its high transmission and 
mortality rate. This disease may be associated with many risk factors, among which age and 
comorbidities are particularly noteworthy, which may be directly related to disease 
development. The available studies show that in patients with Covid-19, comorbidities are 
associated with an increased risk of disease progression. Based on this, our study aimed to 
study comorbidities in patients infected with Covid-19. We have studied comorbidities in 200 
hospitalized patients. According to our research, in case of patients infected with Covid-19, 
the following diseases were detected: arterial hypertension, diabetes, and diseases of the 
cardiovascular system. It should be noted that the percentage of mentioned diseases is 
different according to gender. The rate of arterial hypertension is higher in women than in 
men. Regarding diabetes, a high percentage of insulin-dependent diabetes was observed in 
men. A relatively high percentage of obesity/overweight was observed in the female 
population; and a higher percentage of diseases of the cardiovascular system was observed in 
men, as compared to women. 

Key words: Covid-19, comorbidities, arterial hypertension, diabetes, obesity 

Covid-19 is a severe acute respiratory syndrome (SARS), which is caused by SARS CoV-2 
and is considered to be a global problem according to the high transmission and mortality 
rate. It should be noted that compared with people with no underlying conditions, the risk 
of death is significantly increased in patients with comorbidities. Therefore, the iden-
tifying comorbidities associated with the clinical severity in Covid-19 patients is essential 
for the appropriate therapeutic approach to affected patients. According to studies, as for 
the association between Covid-19 and comorbidities, the risk of mortality has significantly 
increased in case of type 1 and 2 diabetes among the infected patients [1]. In addition, 
cancer patients infected with Covid-19 are characterized by worsening the disease and an 
increased risk of mortality [3]. Significantly, hypertension and cardiovascular diseases are 
associated with the severity course of Covid-19 and increased mortality risk. Therefore, 
hypertension can be considered as a significant risk factor for Covid-19-related death 
[10]. The difference in the severity of Covid-19 disease in patients according to gender is 
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probably determined by the hormonal status. Thus, a complex approach is needed to 
develop a successful strategy for timely disease prevention and management [5]. Of 
particular note is the high rate of respiratory failure and mortality among individuals 
infected with Covid-19 with hypertension and type 2 diabetes/cardiovascular disease, 
especially in the elderly with comorbidities, high blood pressure, imbalance in the RASS- 
system, etc. [7, 9]. Accordingly, Covid-19 disease might be related to multiple risk 
factors; in the particular note are age and comorbidities, which may be directly related to 
the severity of the disease. Therefore, our study aimed to investigate comorbidities in 
patients infected with Covid-19 on the example of the Adjara population. 

MATERIAL AND METHODS 

This study includes 200 hospitalized patients with the laboratory-confirmed Covid-19 
disease. D-dimer and ferritin were determined using a Cobas analyzer (Roche Diagnostics 
GmbH, Germany). The infection was detected by real-time polymerase chain reaction 
(RT-PCR) following the protocol. For statistical analysis, we used descriptive statistics, t-
test, and chi-square test by using the Graphed Prism version (https://www.graphpad.com), 
p < 0.05 was considered statistically significant. 

RESULTS AND DISCUSSION 

According to the studies, in patients infected with Covid-19, arterial hypertension (AH) is 
a common comorbidity associated with an increased risk of disease progression. The 
exact mechanisms by which AH contributes to the poor prognosis of Covid-19 are still 
under study. It should be noted that the level of ferritin was elevated in the whole 
population. In the comparison according to gender, the ferritin’s level was 2.5-fold 
increased within the male population, as compared to females (p = 0.001). As for the D-
dimer level in the whole study population was also significantly leveled compared to its 
normal level; notably, regarding D-dimer according to gender, there were no significant 
differences (p = 0.391). According to our population, arterial hypertension in the male 
population is more common, as compared to the female population (in female – 44.30%, 
in male – 55.7%, respectively) (Table 1). Diabetes is one of the common comorbidity 
diseases in patients infected with coronavirus, which is considered the third most 
common comorbidity disease (after cardio-cerebrovascular disease and hypertension). In 
our study insulin-dependent diabetes in population is common for males (2-times 
increased), as compared to females (female – 33.33%, male – 66.67%) (Table 1). As for 
the population with non-insulin-dependent diabetes, in the infected population the number 
of females (68.75%) exceeds the number of males (31.25%) (Table 1). In addition to the 
above, the increase in the prevalence of obesity is one of the major global health 
problems. 

During the Covid-19 pandemic, obesity is associated with a higher risk of severity and 
poor clinical outcome of Covid-19 infection, which may be related to chronic inflam-
mation/impaired immune response/metabolic disorders and others. According to our 
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studies, the data from infected patients shows that total obesity/overweight in the female 
population is more common, as compared to the male population (Table 1). Coronavirus 
can infect tissues of the cardiovascular system through ACE2 (angiotensin-converting 
enzyme 2). Acute cardiac injury is common in patients with Covid. In case of the vascular 
system, other complications have been identified, including myocardial injury/myo-
carditis/acute myocardial infarction/heart failure/arrhythmias/venous thromboembolism. 
In the infected patients, the male had heart disease compared to the female population 
(Table 1). 

Table 1 

Disease distribution in male and female patients with Covid-19 

  Female Male OR ROR P 
value 

AH disease 44.30% 55.70% Arterial 
hypertension 

(AH) 
Without AH 

disease 
52.15% 

(85) 
47.85% 

(78) 

0.7299 
(95 CI 
0.4245-
1.236) 

1.370 
(0.8089 to 

2.3560)  
0.2746 

With diabetes  33.33% 66.67% Insulin-
dependent 
Diabetes 

Without 
diabetes disease 56.18% 43.82%  

0.3900 
(95 CI 
0.1444-
1.107) 

2.564 
(0.9035 to 

6.9250) 
0.1084 

With diabetes 68.75% 31.25%  Non-insulin-
dependent 
Diabetes 

Without 
diabetes 55.43% 44.57%  

1.769 
(95 CI 
0.8125-
3.845) 

0.5653 
(0,2601 to 

1.2310) 
0.1784 

With general 
obesity 60.00% 40.00 

General obesity 
Without general 

obesity 55.43% 44.57% 

1.206 
(95 CI 
0.4275-
3.567) 

0.8291 
(0.2804 to 

2.3390) 
0.7925 

With heart 
diseases 31.58% 68.42%  

 
Heart diseases Without heart 

diseases 55.43% 44.57%  

0.3711 
(95CI 

0.1370-
0.9808) 

2.694 
(1.020 to 
7.2980) 

0.0554 

CONCLUSION 

Thus, according to our research, comorbidities have some differences according to the 
gender. For example, the arterial hypertension rate is higher in the female population than 
in males. Regarding diabetes, a high percentage of insulin-dependent diabetes was found 
in the male population. More cases of obesity/overweight were found in the female 
population; A higher percentage of diseases of the cardiovascular system was detected in 
males, as compared to female population. 
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Tanmxlebi daavadebebis Seswavla 

COVID-19-iT inficirebul pacientebSi 

ia murvaniZe1,  nino lomTaTiZe1,  nino qedeliZe1,   

Teona gogitiZe2,  irina nakaSiZe1 

1 baTumis SoTa rusTavelis saxelmwifo universiteti, saqarTvelo;  
2 bau baTumis saerTaSoriso universiteti, saqarTvelo 

reziume 

sikvdilianobis sixSiris gaTvaliswinebiT, SARS-CoV-2-iT gamowveuli ko-

vid-19 globalur problemas warmoadgens. kovid-19 daavadeba dakavSi-

rebulia mraval SesaZlo risk-faqtorTan, romelTagan gansakuTrebiT sayu-

radReboa asaki da Tanmxlebi daavadebebi, romlebic SesaZloa pirdapir 

dakavSirebulia daavadebis ganviTarebis mimdinareobasTan. arsebuli kvle-

vebi cxadyofs, rom Covid-19 pacientebis SemTxvevaSi Tanmxlebi daavadebis 

arseboba dakavSirebulia daavadebis mimdinareobis damZimebis riskTan. 

aRniSnulidan gamomdinare, Cveni kvlevis mizans warmoadgenda Tanmxlebi 

daavadebebis Seswavla kovid-19-iT inficirebul pacientebSi. Cven mier 

Tanmxlebi daavadebebi Seswavlilia 200 hospitalizebuli pacientis Sem-

TxvevaSi. Cveni kvlevis mixedviT, kovid-19-iT inficirebuli pacientebis 

SemTxvevaSi gamovlinda Semdegi Tanmxlebi daavadebebi: arteriuli hiper-

tenzia, Saqriani diabeti, gul-sisxlZarRvTa sistemis daavadebebi. aRsa-

niSnavia, rom Tanmxlebi daavadebebis gavrcelebis procentuli maCvenebeli 

gansxvavebulia sqesis mixedviT. arteriuli hipertenziis maCvenebeli mama-
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kacebTan SedarebiT maRalia qalebSi. rac Seexeba diabets, insulin-

damokidebuli diabetis maRali procenti dafiqsirda mamakacebSi. simsuq-

nis/Warbi wonis SedarebiT maRali procentuli maCvenebeli dafiqsirda 

qalTa populaciaSi, xolo gul-sisxlZarRvTa sistemis daavadebebis ufro 

maRali procenti qalebTan SedarebiT dafiqsirda mamakacebSi. 

ИЗУЧЕНИЕ СОПУТСТВУЮЩИХ ЗАБОЛЕВАНИЙ У ПАЦИЕНТОВ, 
ИНФИЦИРОВАННЫХ СOVID-19 

Ия Мурванидзе1,  Нино Ломтатидзе1,  Нино Кеделидзе1,  Теона Гогитидзе2,  
Ирина Накашидзе1 
1 Батумский государственный университет имени Шота Руставели, Грузия; 
2 БАУ Батумский международный университет, Грузия 

РЕЗЮМЕ 

Учитывая высокий уровень передачи и смертности, Covid-19 (вызванный SARS-CoV-2-ом) 
представляет собой глобальную проблему. Заболевание Сovid-19 может быть связано со 
многими факторами риска, из которых особенно следует отметить возраст и со-
путствующие заболевания, которые могут быть непосредственно связаны с течением 
развития заболевания. Существующие исследования показывают, что у пациентов с Covid-
19 наличие сопутствующих заболеваний связано с повышенным риском прогрессирования 
заболевания. Исходя из этого, целью нашего исследования было изучение сопутствующих 
заболеваний у пациентов, инфицированных Covid-19-ом. Мы изучили сопутствующие 
заболевания у 200 госпитализированных пациентов. По данным нашего исследования, у 
пациентов, инфицированных Covid-19-ом, были выявлены следующие сопутствующие 
заболевания: артериальная гипертензия, сахарный диабет, заболевания сердечно-сосу-
дистой системы. Следует отметить, что показатель распространенности сопутствующих 
заболеваний различен в зависимости от пола. Частота артериальной гипертензии выше у 
женщин, чем у мужчин. Что касается диабета, высокий процент инсулин-зависимого 
диабета наблюдался у мужчин. Относительно более высокий процент ожирения / избы-
точной массы тела наблюдался у женского населения, а более высокий процент сердечно-
сосудистых заболеваний наблюдался у мужчин по сравнению с женщинами. 
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INTERRELATIONSHIPS BETWEEN THE RETICULAR NUCLEUS 
OF THE THALAMUS AND BRAINSTEM STRUCTURES 
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Irine Vashakidze2,  Nadezhda Khizanishvili1 

1 Laboratory of Neurophysiology, I. Beritashvili Center for Experimental Bio-
medicine, Tbilisi, Georgia;  2 Teaching University “GEOMEDI”, Tbilisi, Georgia 

The reticular nucleus of the thalamus (TRN) has attracted special attention among 
diencephalic structures, which are specially related to the genesis of brain synchronization 
electrical activity. Brain stem formations also appear to be able to change the activity of 
other parts of the brain.The aim of this investigation was to study the mechanisms of the 
relationship between TRN, mesencephalic reticular formation (MRF) and nucleus of the 
solitary tract (NTS). For the first time it has been shown that: 1. TRN and MRF are 
functionally interrelated and affect each other reciprocally – activation of TRN mainly 
inhibits the activity of MRF neurons; 2. After functional exclusion of the neocortex the 
suprathreshold stimulation of MRF evokes only the inhibition of TRN neurons; 3. 
Stimulation of NTS led to the activation of TRN neurons. Moreover, when recording the 
activity of TRN and MRF neurons with two microelectrodes, it was shown that, upon NTS 
stimulation, deep inhibition of MRF neurons occurred in parallel with the activation of TRN 
neurons. 

Based on our results, it becomes possible to make some adjustments to the scheme of the 
relationship between the synchronizing and desynchronizing structures when changing the 
functional state of the brain and the place of TRN in this activity. This is even more 
important for revealing the neurophysiological mechanisms of activity of the whole central 
nervous system in both norm and/or disorder. 

Keywords: Thalamus, brainstem, neuron, cats 

A natural change in the functional state of the brain is due to changes in the nature of the 
work of many important neurophysiological mechanisms, the substrates of which are 
located at various levels of the central nervous system.The pattern of spontaneous activity 
of neocortical neurons and neurons of many subcortical structures, the characteristics of 
the correlation of the impulse activity of neighboring neurons within the population, the ratio of 
the level of input and output signals in neurons of the thalamus, as well as the nature of 
corticofugal influences on the subcortical structures change. When desynchronized electrical 
activity of the brain changes to synchronized, whatever it may be due to the relationship 
between the brainstem and diencephalic structures changes [3, 6, 12]. Elucidation of the 
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relationship between these structures of the brain is the most important task of neurophysiology, 
the solution of which will allow, on the one hand, to reveal the mechanisms of activity of 
individual formations of the brain, and, on the other, the central nervous system, as a whole. 

The reticular system, which includes not only the formation of the trunk and 
diencephalon, but also the spinal cord [10] plays an extremely important role in the above 
changes, and each link of this system bears a certain load in regulating the activity of 
others, both as separate parts of the central nervous system, and in its activities in general. 
Among the reticular structures, the reticular nucleus of the thalamus (TRN) deserves a 
special attention. The TRN, because of its position between the other thalamic nuclei and 
the neocortex, has attracted the attention of investigators for a long time [2, 4]. The TRN 
forms a shell around the dorsal thalamus and consists of GABA (γ-aminobutyric acid)-
ergic neurons [9], which provides a strong inhibitory input on thalamic relay cells. All 
axons connecting thalamic nuclei and cortical areas send collaterals toTRN neurons in 
both directions. TRN neurons areactivated by thalamo-cortical and cortico-thalamic 
glutamate-ergic axons and axonal collaterals of thalamic or cortical cells, providing a 
feedback or feed-forward inhibition, respectively, for thalamic relay neurons [11]. In 
addition, the results of anatomical and physiological investigations have shown that the 
TRN must play an important role in the origin of synchronous brain activity. 

There is no doubt that brain stem formations are also capable of calibrating the activity of 
other parts of the brain – the activating effect of the mesencephalic reticular formation 
(MRF) on animal behavior and on the electrical activity of the brain is known [13]. In 
experiments with transection of the brainstem, as well as electrophysiological methods, a 
formation that affects the electrical activity of the brain and the behavior of the animal, 
opposite to the activating effect of MRF, was found in the lower part of the brain stem [5]. 
Therefore, it seems appropriate to investigate the mechanisms of the relationship between 
TRN and a number of other structures of the brainstem. Specifically, our study had the 
following main objectives:we first tried to clarify the relationship between TRN, MRF 
and NTS, and then – to elucidate the role of the neocortex in this regard. 

METHODS 

Acute experiments were carried out on adult cats (n = 8) weighing 2.5 to 3.0 kg. Housing 
of, surgical manipulations with, and euthanasia of the animals were carried out in 
accordance with the rules and standards accepted by the scientific community of the 
European Union, legislation of Georgia, and the Committee on the care and use of 
animals in the Center for Life Sciences of Georgia. Instructions of the administration of 
the National Institutes of Health (Bethesda, USA) on the care and use of laboratory 
animals (NIH Publication No. 88-2959) were also taken into account. According to 
coordinates of the Reinoso-Suarez F. atlas [15], bipolar steel electrodes were inserted 
under ether anesthesia into the TRN and MRF. The electrical stimulation of the TRN and 
MRF were determined with a stimulator (S88, Grass, Quincy, MA, USA). After insertion 
of the electrodes, the administration of ether was stopped and the animals were 
immobilized by intravenous injection of tubocurarine and artificially ventilated. The 
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experiments began 1.0-1.5 h after the administration of ether had ceased. Small doses of 
pentobarbital (5 to 8 mg/kg) were additionally injected when necessary. All wound 
surfaces were periodically treated with a 2% lidocaine solution. The experiments began 
1.0-1.5 h after administration of ether had ceased. Unit responses both from MRF and 
TRN were derived by glass (tip diameter 1.0 to 1.5µM; resistance about 10 MΩ) or metal 
microelectrodes (tip diameter 8 to 10µM). The glass microelectrodes were filled with 
potassium or sodium citrate solution (3M). A microelectrode with a resistance between 15 
and 35 MΩ was usually used. In some experiments, unit activity was recorded 
simultaneously from TRN and MRF. Simultaneous recordings were made extracellularly 
in the MRF and TRN. In some experiments, a multilevel amplitude selector was used to 
record the activity of neurons.The selector provided separate registration of neural 
activity signals depending on their amplitude. In order to register the neuronal activity of 
the TRN, the surface of the anterior suprasylvian gyrus and the white matter were 
removed by suction until exposing the head of the caudate nucleus. The microelectrodes 
were then lowered through the head of the caudate nucleus in order to reach the rostral 
section of the TRN. The activity of the MRF neurons was recorded after aspiration of the 
proper brain tissue over the colliculus superior of the brain. Functional temporary 
deactivation of the frontal cortex was performed with chloroethyl, which was passed 
through a thin nylon tube applied to the surface of a selected area of the neocortex. After 
the end of the experiment, the animals were deeply anesthetized. Sites of localization of 
the tips of the electrodes were coagulated (constant current 2 to 3 µA was passed during 1 
min). The brain was taken off and fixed in a4% paraformaldehyde solution on phosphate 
buffer. Localization of the electrode tips was verified in frontal slices. 

RESULTS 

We have previously shown that the threshold, high-frequency stimulation of MRF caused 
inhibition of TRN neuron activity. It should be noted that rise in stimulation parameters 
resulted in the enhancement of the recorded TRN neuron activity – occurred increase in 
frequency of spike potentials [14]. It was assumed that the primary effect of MRF stimulation 
appeared to be an inhibition of RNT neurons activity. As regards strengthening of TRN 
neuronal activity, it must be stipulated by recruitment of the neocortex.This assumption 
becomes clear when one accepts the results of other researchers that neocortical stimulation is 
very effective in activating TRN neurons [7]. To test the above, in one of our series of 
experiments, the effect of functional shutdown of the neocortex (by cooling with chloroethyl) 
on the effects of TRN stimulation was investigated (Fig. 1). 

The Figure shows that the registered neuron TRN is spontaneously discharged by 
asynchronous peak potentials (Fig. 1 a). Moderate stimulation of the MRF causes an 
inhibition of the activity of the recorded neuron (Fig. 1, b). By increasing the strength of 
the MRF stimulation, after the initial inhibition, the TRN neuron is activated (Fig. 1, c). 

A further increase in the strength of stimulation (Fig. 1, d) causes a shortening of the 
inhibitory phase of the TRN neuron response and its stronger activation against the 
background of MRF stimulation. 
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Fig. 1. Influence of functional deactivation of the neocortex on the activity of the TRN neuron 
induced by stimulation of MRF. (а) spontaneous activity; (b – d) effects of pre-cooling stimulation 
of MRF; (b) 30 µV, 60 mc; (c, d) 50 µA, 60 mc; (e) effects of cooling of the neocortex on the 
neuronal activity of TRN unduced by stimulation (50 µA, 60 mc) of the MRF; (f) effects of 
stimulation (50 µA, 60 mc) of the MRF after the washing of neocortex with warm saline. The lines 
indicate moments of stimulations 

 
Fig. 2. Influence of the TRN – (b, c) 25 µA, (c, d) 20 µA, on the activity of the neuron MRF (2) 
and on the EEG of the neocortex (1).Activity of the neuron recorded by trigger. The dots indicate 
moments of stimulations 
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It should be noted that 30-40 seconds after the functional shutdown of the neocortex, the 
same strong stimulation of the MRF no longer causes a relief of activity after inhibition of 
the TRN neuron – discharges are blocked throughout the MRF stimulation (Fig. 1, e). 
After the recovery (15-25 min) of the functional state of the neocortex (the cortex is 
spilled with warm saline), the responses of the TRN neuron to the stimulation of the MRF 
are also recovered (Fig. 1, f). 

In a series of experiments, in which the effect of TRN on the activity of MRF neurons 
was studied, it was shown that both single and rhythmic stimulation of the TRN caused 
inhibition of the activity of 98 MRF neurons (72.5%) out of 135 registered. 28 (11.7%) 
MRF neurons were excited, the rest of the neurons did not respond to TRN stimulation. 
The result of one of these experiments is shown in Fig. 2. 

The recorded MRF neuron spontaneously generates high-frequency tonic discharges (Fig. 
2, a). A single TRN stimulation (Fig. 2, b, c) causes a slow rhythmic discharge of 
aftereffect in the neocortex and a periodic inhibition of the activity of the recorded 
neuron, which is expressed in the occurrence of silence pauses between rhythmic group 
discharges.The same reactions occur in the recorded neuron MRF during the rhythmic 
stimulation of the TRN (Fig. 2c,d). 

 
Fig. 3. The relationship between neurons TRN (upper traces) and MRF (down traces). (a-d) effects 
of stimulation (60 µA) of the frontal cortex. The dots indicate moments of stimulations 

The inhibitory effect of TRN neurons on MRF activity is clearly manifested when the 
activity of neurons in these structures is simultaneously recorded by two microelectrodes. 
When registering 24 pairs of neurons, it was shown that high-frequency activation of 
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TRN neurons upon stimulation of the frontal cortex, in 54% is accompanied by inhibition 
of the activity of MRF neurons. Fig. 3 (a, b) shows that a single stimulation of the frontal 
cortex triggers TRN neuron response (upper trace) – high-frequency discharges occur. At 
this time, a pause of silence (lower curve) is recorded in the MRF neuron followed by a 
group discharge. It can be assumed that the inhibition of the activity of MRF neurons 
upon activation of TRN neurons occurs by the emergence of inhibitory postsynaptic 
potential (IPSP). This becomes apparent from the following fact. Fig.3 (c, d) shows that 
during a high-frequency discharge of the TRN neuron caused by stimulation of the 
neocortex, a positive focal potential wave appears in the MRF, which is believed [1] to 
reflect the emergence of IPSP in neurons. 

 
Fig. 4. The effects of NTS stimulation (50 µA, 30 Hz) on the activity of the TRN (2) and MRF (3) 
neurons. 1 – electroencephalogramm. The lines indicate moments of stimulations 

Interestingly, activation of TRN neurons occurred not only during stimulation of the 
neocortex, but also during stimulation of the synchronizing region of the medulla 
oblongata – the region of the nucleus of the solitary tract (75% from 80 registered 
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neurons). Fig. 4 shows a case when the activity of neurons TRN and MRF was recorded 
simultaneously by two microelectrodes. The figure illustrates the change in the 
spontaneous electrical activity of TRN and MRF neurons upon rhythmic stimulation of 
the nucleus of the solitary tract (NTS). It can be seen that each time (Fig. 4, a – c) 
stimulation of the NTS causes inhibition of the activity of the MRF neuron. At the same 
time, the TRN neuron is activated at this time – high-frequency, continuous discharges 
appear throughout the entire duration of the NTS stimulation. 

DISCUSSION 

The elucidation of interrelations between the brain stem and diencephalic structures of the 
brain is an important problem of neurophysiology, solution of which might allow 
revealing mechanisms of the workings of certain structures of the brain, on the one hand, 
and an overall activity of the central nervous system, on the other. Our experiments have 
shown that threshold stimulation of the MRF exerted an inhibitory influence on activity 
of the TRN neurons, while suprathreshold stimulation induced their activation that must 
be accounted for by recruitment of the neocortex. Stimulation of the neocortex induced 
activation of the TRN neurons. At the same time, corticothalamic fibers that arise from 
cerebral cortex, innervate neurons in the reticular nucleus of the thalamus and 
thalamocortical relay neurons in the underlying thalamus [2, 4, 11, 13] are a powerful 
influence in the generation of neuronal activity in thalamus and cortex. It was shown that 
amplitudes of excitatory postsynaptic currents (EPSCs) evoked in TRN neurons by 
minimal stimulation of cortico-thalamic fibers were 2.4 times larger than in relay 
neurons, and quantal size ofTRN EPSCs was 2.6 times greater. GluR4-receptor subunits 
labeled at corticothalamic synapses on TRN neurons outnumbered those on relay cells by 
3.7 times, providing a basis for differences in synaptic strength [7]. In our experiments, it 
was shown that the stimulation of TRN, along with the appearance of rhythmic slow 
waves in the electroencephalogram, caused inhibition of the activity of MRF neurons. It 
can be assumed that stimulation of the TRN activates those MRF neurons that are 
involved in the inhibition of most cells within the MRF. However, the possibility of direct 
inhibition of the activity of MRF neurons by TRN neurons is not excluded. This 
possibility is supported by the results of studies [8], which showed the presence of direct 
connections between TRN neurons and brain stem regions, as well as the fact that TRN 
neurons contain an inhibitory mediator GABA [5]. Whichever of these mechanisms 
works during TRN stimulation, it is assumed that the inhibition of MRF neuronal activity 
under the influence of TRN excitation occurs due to the onset of IPSP. The interaction 
between these structures should be one of the mechanisms in the regulation of the normal 
functioning of the brain; for example, in the conduction of afferent impulses, in 
differentiation and modulation, in the concentration of attention, and in the regulation of 
the sleep-wake cycle. In addition, the disorders of this relationship can lead to the 
development of some pathological conditions (epilepsy, schizophrenia, disorders of 
consciousness, etc.). This is evidenced by the fact that the new cortex also plays one of 
the crucial roles in the relationship between the TRN and the brain stem structures. It can 
be assumed that the action of TRN is regulated, on the one hand, by the structures of the 
brain stem, and, on the other hand, by the activation of the neocortex 
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urTierToba Talamusis retikulur birTvsa da tvinis 

Reros struqturebs Soris 

zaqaria nanobaSvili¹,  irine bilaniSvili¹,  maia barbaqaZe¹,²,  
irine vaSakiZe², nadeJda xizaniSvili¹ 
1 neirofiziologiis laboratoria, i. beritaSvilis eqsperimentuli bio-

medicinis centri, Tbilisi, saqarTvelo;  2 saswavlo universiteti 

“geomedi”, Tbilisi, saqarTvelo 

reziume 

diencefalur struqturebs Soris Talamusis retikulur birTvs (Trb), 

gansakuTrebuli mniSvneloba eniWeba Tavis tvinis sinqronuli eleqtruli 

aqtiobis regulaciaSi. Tavis tvinis Rerovani warmonaqmnebic monawileobs 

Tavis tvinis eleqtruli aqtiobis regulaciaSi. kvlevis mizans war-

moadgenda Trb-sa da tvinis Reros zogierT warmonaqmnebs Soris urTier-

Tobis garkveva. Ppirvelad dadasturda, rom: 1) Trb da mezencefaluri 

badebrivi formacia (mrf) funqciurad urTierTdakavSirebulia da maT 

Soris arsebobs reciprokuli damokidebuleba; 2) mrf-is zezRurblovani 

gaRizianeba neokorteqsis funqciuri gamoTiSvis Semdeg iwvevda Trb-is 

neironebis mxolod Sekavebas; 3) solitaruli traqtis birTvis (stb) 

stimulaciam gamoiwvia Trb-is neironebis gaaqtiureba. Trb-is da mrf-is 
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neironebis aqtiobis ori damoukidebeli mikroeleqtrodebiT aRricxvisas 

naCvenebi iyo, rom stb stimulaciis dros, Trb-is neironebis gaaqtiurebis 

paralelurad xdeboda mrf-is neironebis aqtiobis Rrma Sekaveba. Cveni 

Sedegebis safuZvelze SesaZlebelia garkveuli koreqtireba movaxdinoT 

Tavis tvinis masinqronizebeli da madesinqronizebeli struqturebis 

urTierTobaSi, rodesac xdeba tvinis funqciuri mdgomareobis cvlileba. 

ВЗАИМООТНОШЕНИЯ МЕЖДУ РЕТИКУЛЯРНЫМ ЯДРОМ ТАЛАМУСА 
И СТРУКТУРАМИ СТВОЛА ГОЛОВНОГО МОЗГА 

Захарий Нанобашвили1,  Ирине Биланишвили1,  Майа Барбакадзе1,2,   
Ирине Вашакидзе2,  Надежда Хизанишвили1 
1 Лаборатория нейрофизиологии, И. Бериташвили центр экспериментальной 
биомедицины, Тбилиси, Грузия;  2 Учебный университет “ГЕОМЕДИ”, Тбилиси, 
Грузия 

РЕЗЮМЕ 

Ретикулярное ядро таламуса (РЯТ) привлекает особое внимание среди диэнцефальных 
структур, имеющих особое отношение к генезу синхронизации электрической активности 
головного мозга. Стволовые образования головного мозга, по-видимому, также способны 
изменять активность других отделов мозга. Целью данного исследования было изучение 
механизмов взаимосвязи РЯТ с мезэнцефальной ретикулярной формацией (МРФ). Впервые 
показано, что: 1. РЯТ и МРФ функционально взаимосвязаны и реципрокно влияют друг на 
друга – активация РЯТ подавляет, в основном, активность нейронов МРФ; 2. Надпороговая 
стимуляция МРФ после функционального выключения неокортекса приводила только к 
торможению нейронов РЯТ; 3. Стимуляция ядра солитарного тракта (ЯСТ) приводила к 
активации нейронов РЯТ. Более того, при регистрации активности нейронов РЯТ и МРФ 
двумя микроэлектродами было показано, что при стимуляции ЯСТ параллельно с 
активацией нейронов РЯТ происходит глубокое торможение нейронов МРФ. На основании 
полученных нами результатов можно внести некоторые коррективы в схему взаимо-
отношений синхронизирующих и десинхронизирующих структур при изменении функцио-
нального состояния головного мозга и места РЯТ в этой деятельности. Это тем более важно 
для выявления нейрофизиологических механизмов деятельности всей центральной нервной 
системы как в норме, так и/или при патологии. 
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EFFECTS OF LOW DOSES OF RADON CONTAINED IN TSKALTUBO 
WATER ON CHANGES IN BRAIN BIOCHEMICAL CORRELATES 
IN KRUSHINSKY-MOLODKINA (KM) RATS WITH EPILEPSY 

Marina Nikolaishvili,  Zakaria Nanobashvili,  Nodar Mitagvaria,   
Gvantsa Chkadua,  Ekaterine Nozadze,  Irine Bilanishvili 

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia 

Elucidation of the mechanism of radon action on antioxidant processes requires an ad-
ditional research, however, based on the results of the experiment, it can be concluded that 
studies conducted on experimental animals have shown that the phenomenon of hormesis 
develops when water is inhaled from water, which regulates oxidative processes in the brain 
by activating antioxidants, which is manifested by the reduction of existing epileptic seizures 
and is manifested in quantitative changes in biogenic amines, amino acid activation, 
Na+/K+ATPase and specific glutaminergic neurons of the "attack center" of the hypo-
thalamus. Inhalation of Tskhaltubo water can be considered as a method of treatment with 
an anticonvulsant effect proven by the experimental studies. 

Keywords: Biogenic amines, amino acids, Na+/K+-ATPase, oxidative processes 

An important role in the theory of epileptogenesis is also assigned to the membrane 
theory: the trigger factor [20]. Neuronal epilepsy is caused by structural changes in the 
neuronal membrane, including synapses, leading to the inactivation of ion pumps and 
abnormal overactivity of ion channels. Changes in glucose metabolism with a deficiency 
in the action of Na+/K+-ATPase, which, as mentioned above, is associated with neuronal 
hyperactivity. This is one of the leading mechanisms for reducing the concentration of 
extracellular K+ accumulated after seizure activity. Low activity of Na+/K+-ATPase is 
associated with the development of epileptic seizures [6, 13, 22]. In addition, the activity 
of Na+/K+-ATPase decreases within a few minutes after transient focal ischemia in the rat 
cortex and hippocampus, as well as in an experimental model of brain injury. Altered ion 
homeostasis may also partly explain the interaction between seizure activity and 
hypoglycemia. In this regard, one of the reasons for the development of epilepsy can be 
considered as a change in the deficiency of glucose metabolism during oxidative stress 
and ongoing processes involving Na+/K+-ATPase [2,13, 21, 22]. 

A critical feature of all audiogenic seizure (AGS) models is the reduction in neural 
activity in the auditory pathways due to deafness during development. The initiation and 
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intensification of AGS activity depends on increased excitability of the auditory system, 
especially the inferior colliculi (IC), where bilateral lesions eliminate AGS. GABAergic 
and glutaminergic mechanisms play a critical role in AGS, as in temporal models of 
epilepsy, and are involved in the modulatory and efferent systems, including the superior 
colliculus, substantia nigra, basal ganglia, and reticular formation structures. The 
catecholamine and indolamine systems also affect the severity of AGS. AGS models are 
useful for elucidating the underlying mechanisms of formation and manifestation of 
generalized epileptic behavior and evaluating the effectiveness of modern treatment 
strategies, such as anticonvulsants [1, 4, 6, 14, 15, 17]. 

Our modern strategy, which is shown in the study, is applying the radon-containing waters of 
Tskhaltubo against epileptic seizures. We believe that the action of low doses of radon can have 
a significant and positive effect on patients with epilepsy (hormesis). As is known [9], glutamate 
and GABA are key neurotransmitters in the pathophysiology of epileptic seizures, which are 
potent modulators of these classical neurotransmitters, or by changing their release, or regulating 
their effects at the receptor level, and, therefore, can affect the balance between inhibition and 
excitation. Neuropeptides also modulate monoaminergic transmissions, such as dopamine and 
serotonin, and thus, can alter excitability, as well [4, 7, 8]. 

Regarding biogenic amines, dopamine is an amine formed by the precursor chemical L-
DOPA, which is synthesized in the brain and kidneys [4, 11, 18]. Although the dopamine 
receptor is a type of G-protein coupled receptor, it can also act through mechanisms, such 
as ion channel interactions. The released NE then binds to the appropriate receptor, 
enabling synaptic transmission. These receptors are classified as G protein-coupled 
receptors with inhibitory or stimulatory effects. 

NE plays an anticonvulsant role in epilepsy. In addition, a decrease in NE has been 
associated with increased susceptibility to the absence of epileptic seizures and/or 
audiogenic seizures and neuronal damage to limbic regions [16, 18, 19, 28]. The fact that 
NE mediates synaptically mediated excitability via modulation of ion channel 
conductance or mediated GABAergic and glutamatergic transmission may help explain 
its role in epilepsy. 

5-HT2A/2C activation. It is believed that the 5-HT receptor improves memory functions 
by increasing the release of glutamate and acetylcholine (ACh) in the prefrontal cortex 
and hippocampus [14, 16]. The ability of 5-HT receptors to modulate these neuro-
transmitters and related ion channels has shown that 5-HT can activate various pathways 
in the underlying mechanism of epilepsy. 

In order to assess the antioxidant status in epilepsy, measurement of the sulfhydryl group 
(-SH) in the brain tissue, markers of oxidative stress, which prevent the development of 
brain disorders associated with peroxidation reactions, are used [16]. As part of a translational 
pilot clinical study, the aim of this research is to study the positive effects of radon therapy on 
epileptic seizures in the Krushinsky-Molodkina rat strain, namely the use of low doses of radon 
(inhalation technique) to obtain an anticonvulsant effect in experimental animals. 



 

 

 

 

57 

The uniqueness and novelty of the research lie in the study of the effect of radon 
inhalation on experimental models of epilepsy in the localization of epileptic foci in the 
hippocampus (audiogenic staining of rats according to the Krushinsky-Molodkina-KM). 
We chose inhalation because it is a more direct method of using radon. However, this is 
rather an advantage, because we were able to measure a dose of radon that was within the 
therapeutic range of 1 NC, 37 bq [2, 3, 6, 11]. We decided to study the effect of inhalation 
of radon on oxidative stress, namely, the changes in oxidative markers in both serum and 
in the brain of rats (SH group), the activity of Na+/K+-ATPase, glutamate – gamma-
aminobutyric acid (GABA), which performs the opposite role of an inhibitory neuro-
transmitter, moreover, quantitative changes in biogenic amines, and beta-endorphins, 
before the radon therapy during epilepsy and after 3 months with the radon inhalations. 

MATERIAL AND METHODS 

Rats with body mass of 200-250 g were housed under the standard laboratory conditions 
with a “12 h light – 12 h dark” cycle, constant temperature – 220C ± 20C, and water and 
food ad libitum. Animal care and handling throughout the experimental procedures were 
in accordance with the European Community Council Directive of 24 November 1986 
(86/609/EEC). Use of the animals in the experiments, animal care, and post-experimental 
euthanasia were performed in a strict adherence to the officially adopted rules for animal 
use and care in biological laboratories [5]. 

24-month Krushinsky-Molodkina (KM) male rats were used in our experiment. They 
were 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 [10, 13, 14, 17]. 

Epileptic seizures. Genetically seizure-determined Krushinsky-Molodkina (KM) rats were 
placed in an audiogenic stimulation chamber. The chamber represented 60 × 60 × 60 cm 
plexiglass box, in the upper part of which a standard wall bell was attached. The animal was in 
the chamber and an audiogenic stimulus was delivered to it. A high pitch sound stimulus was 
presented to rats (bell intensity 110 dB, time 60 sec), in response to which they developed 
seizure reactions. Motor components of seizure activity were estimated by a slightly modified 
Jobe [8] scale: 0 – fear reaction; 1- facial muscle clonus; 2 – head tremble, jaw myoclonus; 3 – 
wild run, forepaw myoclonus; 4 – myoclonus of fore- and hindpaws, fall on a side; 5 – clonus of 
the fore paws, skeletal muscle rigidity, ataxia, asphyxia. The mentioned KM line rats fall into 
two sublines: a) animals, which, in response to a high pitch sound stimulus, develop fear 
reaction and facial muscle clonus – conventionally referred to as the first subline, and b) animals 
developing fear and wild run to sound stimulus followed by clonic-tonic behavioral seizures – 
conventionally referred to as the second subline. 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. On the 10th day 
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and 3 months assessment of epileptic seizure with trigger – sound in BK rats was per-
formed [10, 14, 19]. Amino acids and biogenic amines were determined using ELISA kits. 

Brain synaptic membrane fraction obtained from the adult albino rats of both sexes is 
served as an investigation material. The synaptic membrane fraction is obtained by means 
of differential centrifugation at 0.9-1.2 M concentration gradients of sucrose, according to 
De Robertis and Wittaker’s recommendations. Na+,K+-ATPase activity is measured as a 
sensitive part of a total ATPase activity. The total ATPase incubation medium contained 
140 mM NaCl, 5 mMKCl and 50 mM Tris-HCl buffer at pH 7.7. Control was carried out 
under the following conditions: 1 mM ouabain, 145 mM KCl, and 50 mM Tris-HCl 
buffer at pH 7.7. Na+,K+-ATPase activity is calculated by the difference between these 
two assays. Samples are incubated at 37°C for 15 min. The ATPase activity is calculated 
according to the inorganic phosphorus (Pi) amount (per mg protein and per hour) 
resulting from the enzyme-induced ATP hydrolysis. Inorganic phosphorus is evaluated 
calorimetrically by using the modified Fiske-Subbarow and Kazanov-Maslova method. 
Protein concentration is assessed by the Lowry method [6, 13, 24]. 

Sulf-groups [10, 23]. Cysteine thiols and their oxidized disulfide analogs are carefully 
balanced to maintain redox homeostasis in various cellular compartments. In this review, 
we discuss the role of protein thiols as scavengers of hydrogen peroxide in antioxidant 
enzymes, using thiol peroxidases to illustrate how thiols of the protein non-protein thiol 
group contribute to the transmission of redox signals, we will provide an overview of a 
diverse set of small molecular weight thiols [10, 23]. Determination was performed using 
the ELISA kit [18, 19, 21-23]. 

Radon measurement. in the Tskhaltubo spa center, where natural mineral water is used, 
we measured radon radioactivity in water, which was 37 Becquerel (Bq) in 1 m3 (37 
Bq/m3) [15, 22, 23, 28]. 

Radon inhalation procedures. we placed 10 experimental animals (KM rats) in 
Tskaltubo mineral water spa`s sauna (experimental group). Mineral water temperature 
was 36°C, and humidity – 90%. A control group of 10 KM rats was placed in another spa 
center’s sauna, where 36°C mineral water (without radon) was delivered via inhalation. 
Humidity in this spa center`s experimental room was 90%. None (experimental and 
control groups of rats) of the animals took a bath, they were just in two different saunas 
and living in the same conditions. Inhalation was administered through the nose for 10 
minutes, once a day, in conditions of high humidity (about 90%) for 10 days. After each 
procedure of inhalation, the rats were placed in a vivarium and given food and water [3, 
14, 16]. 

Laboratory examination: In order to study the physiological changes, caused by 
inhalation of Tskhaltubo water on an oxidative level, which prevents the development of 
brain disorders associated with peroxidation reactions, we have measured the con-
centrations of free radicals (d-ROMs) – reactive oxygen metabolites in the blood plasma 
of rats, using a photometric test, as well as the concentration of hydroperoxides (ROOH) 
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in the brain tissue has been measured, 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 Con-
centration Test) by measuring ferric reduction ability, and to evaluate the effectiveness of 
antioxidants, we determined the OSI (Oxidative Stress Index) and the OBRI (Oxidation 
Balance Risk Index).All named measurements were provided by means of Photometric 
Analytical System FRAS 5 (H&D, Parma, Italy) [3,14, 17]. 

RESULTS 

On the 10th day after inhalation of low doses (37 Bq/m3) (Table 1 and Fig. 1), the latent 
period before attacks and the pauses between attacks significantly increased (p < 0.05) in 
the group of radon irradiation, compared to control. 

Table 1 
The effect of radon inhalation on the epileptic seizure in rats 

on the 10th day and 3 months after the inhalation 

 
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) 13 ± 1.1 11 ± 1.1 5 ± 0.2 60 ± 1.8 79 ± 1.9 

10 days after 
radon exposure 
(p<0.05) 

18 ± 1.3 1.5 ± 0.1 36 ± 2.2 35 ± 1.1 2 ± 0.1 

2-3 months 
after inhalation  
(p<0.05) 

5 ± 1.4 5 ± 0.1 30 ± 1.1 7 ± 1.1 1 ± 0.1 

The latency period before inhalation of radon in rats with epilepsy was 13 ± 1.1, and on 
the 10th day after inhalation of Tskhaltubo randomized water, the latency period 
increased up to 18 ± 1.3 seconds, and 3 months after the inhalations it increased up to 
10 ± 1.4, respectively. The duration of the first and second jumps after the trigger reduced 
in the group of rats receiving radon inhalation on the 10th day was 1.5 ± 0.1, and 3 
months after inhalations – 1.1 ± 0.1 (p < 0.05). In all groups, the second wild jogging 
started later and continued in the control group (60 ± 1.8), on the 10th day after radon 
exposure – 35 ± 1.1, and 3 months after radon inhalation it was only 20 ± 1.1. As for 
tonic-clonic seizures in control, they lasted – 79 ± 1.9, on the 10th day after radon 
inhalation – 2 ± 0.1, and on the 3rd month after radon inhalation, 90% of seizures 
disappeared [1, 10, 14, 24]. 
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Fig. 1. The effect of radon inhalation on the epileptic seizure in rats on the 10th day and 3 months 
after inhalation    

Table 2 
Oxidative stress in epileptic rats 

Epileptic rats D-ROMs 
FAST U carr. PAT OBRI OSI 

REDOX 

Control 
 

525 ± 3.67 
Free radicals, 

very high 

2765 ± 5.85 
Antioxidants 

There is a deficit 

1.953 ± 0.3 
Oxidative status is at 
a dangerous level in 

relation to cholesterol 

45 ± 2.3 
Oxidative status 
index is on the 
critical edge 

Steam control 301±2.27 
Normal range 

2844±5.75 
Slight deficiency 

1.25±0.2 
Normal 

42±2.2 
Normal 

10th day after 
radon exposure 

257±1.12 
Normal range 

2350±2.92 
Normal value 

0.96±0.001 
Normal 

31±2.2 
Normal 

3 months after 
inhalation 

259±1.13 
Normal range 

2324±2.82 
Normal value 

0.8±0.001 
Normal 

33,2±2.1 
Normal 

From the data presented in Table 2, we can see the following. Study of dROM in 
genetically epileptic Krushinsky-Molodkin rats before exposure to radon showed that 10 
days and 3 months after inhalation, dROM, PAT, OBRI and OSI were within the normal 
range, but it should be noted that after 3 months the above data decreased even more and 
turned out to be exactly within the normal range, which was reflected in the behavior rats, 
and 80% of the rats did not have tonic-clonic seizures. 
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Fig. 2. Oxidative stress in epileptic rats on the 10th day and 2-3 months after inhalation 

Definition of sulfhydryl groups 

From the literature it is known that protein cysteine thiols respond to the cellular redox 
state. They can oxidize and inhibit thiol-proteins and enzymes and therefore have 
antioxidant action. In particular, when oxidants increase in the cell, thiol-disulfide is 
involved in redox regulation. These redox-sensitive mechanisms are involved in various 
changes in redox including cell hypoxia. Under hypoxic conditions, the concentration of 
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thiols decreases. This is due to the association of metabolites produced during the re-
covery of hypoxia with glutathione (GSH), a cellular non-protein thiol (NPSH). That is, 
the metabolites react with GSH instead of oxygen. When cellular thiols are depleted, 
peroxide is produced [7, 9, 12] and excessive oxidative stress leads to cell death. Within 
the frames of our study, we examined the quantitative variation of non-protein and total 
sulfhydryl groups [18, 21, 22]. On the 10th day and 3 months after radon inhalations, we 
determined the concentration of non-protein and total SH groups in the rat brain (Table 3, 
Fig. 3). 

Table 3 

Non-protein and common sulfhydryl groups 10th day and 2-3 months 
after inhalation 

 Control  10th day after radon 
inhalation 

3 months after 
radon  inhalation 

Non-protein sulfhydryl groups 1.04 ± 0,121 1.72 ± 0,107** 1.79± 0,109** 

Common sulfhydryl groups 35.01 ± 1.23 40.16 ± 1.44** 39.46± 143** 

Note:  **P<0.05.  n = 28 (14 in each group) 

 
Fig.  3. Sulfhydryl amount (mcg/g in the brain), (p<0.05) in the control and experimental rat 
groups on the 10th day and 2-3 months after inhalation  

In a study of non-protein SH-groups, we found that on the 10th day it became 
1.72 ± 0.107**. As for the total sulfhydryl groups, on the 10th day, compared with the 
control, on the 3rd month after radon inhalation, it increased statistically and became 
40.16 ± 1.44** (control – 35.01 ± 1.23), respectively, also had higher concentrations 
compared to the control group (39.46 ± 1.43) and (35.01 ± 1.23), respectively, which 
indicated an increase in protein concentration and the number of sulfhydryl groups, on the 
3rd month after radon inhalation, compared to the control group performing inhalations 
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with ordinary mineral water. We see the effect of radon inhalation on physiological 
processes, which acts as an activator or inhibitor of certain neurotransmitters [7,13,20]. In 
view of the foregoing, it can be said that the exposure to radon regulates oxidative stress, 
the clinical manifestation of which may be a decrease in epileptic seizures, which is 
confirmed by the studies. Considering that audiogenic epileptic seizures begin 
immediately after the bell and last several minutes before Tskhaltubo water inhalation in 
experimental rats, as shown in Fig. 3, the duration of epileptic seizures does not exceed 2 
seconds after the inhalation with Tskhaltubo water on the 10th day, and three months 
after it, no audiogenic convulsions have also been manifested. Na-K ATPase, which is 
active in animals, is known to consume large amounts of ATP. 

At present, there is no doubt that the energy and transmitter processes in brain tissues are 
interconnected. Therefore, ATP (adenosine triphosphate) is a powerful source of energy, 
along with the fact that it interacts with the glutamine system, the links of which, in turn, 
are glutamate (excitatory transmitter) and GABA (inhibitory). Naturally, the recovery 
processes are disrupted in terms of consumption. In accordance with the previously 
discovered concepts of the occurrence of paroxysmal shift depolarization (PDS), 
disturbances in neurophysiological events are associated with disturbances in ionic, 
transient energy processes. 

Thus, the concept of the emergence of a neuron in the membrane allows for a primary 
violation in the membrane or the possibility that, as a result, is associated with 
insufficiency of the potassium-sodium pump, increased membrane permeability and 
increased expansion to depolarization, and, consequently, excessive excitability of the 
neuron, The development of changes in the environment, neurons increase in MPD, 
dysregulation of the concentration of electrolytes or transmitters, or both. Therefore, we 
decided to study the activity of Na+,K+-ATPase 3 months after radon inhalation. 

Changes in glucose metabolism deficiency under the action of Na+K+-ATPase are 
associated with neuronal hyperactivity. This is one of the leading mechanisms for 
reducing the concentration of extracellular K+ accumulated after seizure activity. Low 
activity of Na+/K+-ATPase is associated with the development of epileptic seizures. In 
addition, the activity of Na+/K+-ATPase decreased within a few minutes after transient 
focal ischemia in rats cerebral cortex and hippocampus, as well as in an experimental 
model of brain injury. Altered ion homeostasis may also partly explain the interaction 
between seizure activity and hypoglycemia [5, 9]. 

As can be seen from Table 4, on the 10th day after inhalation, an increase in Na+/K+-
ATPase is observed [6, 19]. In the following experiments, Na+/K+-ATPase activity was 
studied on the 10th day and 2-3 months after radon inhalation. As can be seen from Table 
4, Na+/K+-ATPase activity on the 10th day after radon inhalation increased by 72%, and 
after 3 months – by 125.6% (increased by 25.6%, as compared to control), which again 
shows that 2-3 after inhalation with radon – by 77% (decreased by 23%, as compared to 
control) (Table 4). In Tskaltubo, oxidative stress decreases and remains within the normal 
range. 
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Table 4 

Na+/K+-ATPase activity 

Examination rat Na+/K+-ATPase activity % 

control 11,68 ± 0,34 100% 

after radon inhalation     14.67 ± 0.68 125.6% 
(increased by 25.6 % compared to  control) 

after radon inhalation    
(Who had a seizure) 8.99 ± 0.92 77% 

(decreased by 23%  compared to  control) 

Na+/K+-ATP [Mg2+] = [ATPf]=0.31 mM, [MgATP]=1.69 mM 

The activity of Na+/K+-ATPase is manifested in a decrease in the first and second wild 
runs of animals, including an increase in the pause and a decrease in clonic-tonic 
convulsions after 3 months, and on the 10th day it sharply decreases and remains within 
2 ± 1.1 seconds, and after 3 months – 1 ± 1.1 (Fig. 4 and 5). 
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Fig.  4.  Rat brain plasma membrane Na+/K+-ATPase activity. Reaction medium: [MgATP]=1.69 
mM;  [ATPf]=[Mg2+]=0.31 mM  (MgATP - substrate) 

Table 4 shows that there is a clear change in the level of amino acids – namely, compared 
with the control, there is a decrease in the blood plasma of proline, methionine, tyrosine, 
glutamic acid, aspartic acid, glycine causing an "inhibitory" effect on neurons, an increase 
in the concentration in neurons "exciting" amino acids, such as glutamic acid, and 
increased GABA concentrations. Glycine also binds to specific NMDA receptor sites and 
thus elicits sensations through the excitatory neurotransmitters glutamate and aspartate. 
The NMDA receptor is thought to play an important role in a wide range of nervous 
system functions, including neuronal migration, synapse formation, learning, and 
memory. In addition, it is involved in oxcitotoxic neuronal death, which occurs in various 
acute and chronic neurological disorders [2, 23, 27]. 
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Fig. 5. Rat brain plasma membrane Na+/K+-ATPase activity. Reaction medium: [MgATP]=1.69 mM;    
[ATPf]=[Mg2+]=0.31 mM  (MgATP – substrate) 

Experimental and clinical data evidence that disorders of neurotransmission (primarily 
glutamate and GABAergic) may be the primary pathogenetic mechanisms for the 
development of epilepsy. At the same time, the formation of an epileptic focus (EO) 
and/or generalized epileptic activity with transformation into epileptic seizures (EP) is 
associated primarily with the phenomenon of “disinhibition” of neurons. 

GABA contributes to the preservation of the structural and functional organization of bio-
membranes, the transport of neurotransmitters, and the improvement of synaptic 
transmission; it increases the content of dopamine in the brain; it causes an increase in the 
compensatory activity of aerobic glycolysis and a decrease in the degree of inhibition of 
oxidative processes in the Krebs cycle under hypoxic conditions with an increase in the 
content of ATP, creatine phosphate and activation of energy-synthesizing functions of 
mitochondria, stabilization of cell membranes [22, 26, 28] (Table 5). 

While excitatory neurotransmitters stimulate the potential for neuronal activity, inhibitory 
neurotransmitters such as GABA inhibit neurons, reduce their activation, and reduce the 
corresponding activity in the central nervous system. We see that inhalation of radon 
leads to an increase in the amount of GABA, and when the action potential reaches the 
end of the axon of the GABAergic neuron, GABA is released into the synaptic cleft, 
where it binds to postsynaptic receptors that open chloride ion channels. 

The action of GABA on receptors is the penetration of negatively charged chloride ions 
into the receptor neuron, which becomes more negative inside the cell membrane. In this 
case, the probability of activating the action potential is much less. It all goes on in 
milliseconds, then GABA slowly breaks down at the receptor so that inhibition continues. 
However, this inhibitory effect is manifested in the brain in combination with GABA. 
Drugs with anticonvulsant effects can cause increase the postsynaptic action of GABA 
(Fig. 6). 
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Table 5 
The level of amino acids in the  hippocampus, 
5 months after inhalation of radon (mikg/ ml) 

Amino acids 
in plasma Control A Epilepsy В 

(A-B) 
Epilepsy + radon C 

(B-C) 

Glutamic acid 0.085 ± 0.002 0.098 ± 0.002** 0.055 ± 0.001** 

Glycine 0.098 ± 0.001  0.048 ± 0.003*** 0.089 ± 0.001** 

GABA 0.122 ± 0.02 0.128 ± 0.020 136 ± 0.01* 

Tryptophan 0.084 ± 0.001 0064 ± 0.001** 0.083 ± 0004*** 

 
Fig. 6. 2-3 months after inhalation of radon, the level of amino acids and biogenic amine in the 
hippocampus (mcg/ml) 

It should be emphasized again that the glutamine system produces the most important 
mediators for the brain tissue, such as GABA (glutamic acid – a precursor of GABA) and 
glutamate (formed during the transamination of GABA). The latter plays the role of an 
excitatory mediator. This increases the permeability of the membrane for potassium ions. 
It is not difficult to imagine that disturbances in the glutamine system can lead to a 
variety of disorders – electrolyte, metabolic, and transmitter, contributing to the 
epileptization of neurons. Apparently, this is precisely what can explain the decrease in 
oxygenation of the brain tissue, the increase in residual and glucose oxidation of venous 
blood, and the increase in the content of lactate and pyruvate in the blood, i.e., signs of 
disruption of redox processes and carbohydrate metabolism in the brain. 

The effect of radon is also expressed in the activation of the amino acid deamination 
reaction, during which ammonia and keto acids are formed, which are included in the 
citric acid cycle. As a result, the carbon skeleton is consumed as an energy material, and 
ammonia is neutralized by the synthesis of glutamine or urea [4, 18, 22, 23, 25, 28]. 
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Deamination of amino acids under the effect of radon reduces and normalizes the SA 
fund, which is necessary for the implementation of certain behavioral acts, which takes 
place 2-3 months after radon inhalation. It regulates these processes leading to an increase 
in the amount of GABA and a decrease in glutamate (Table 6). 

Table 6 

2-3 months after inhalation of radon, the level of biogenic amine and ratio of 
catecholamines to serotonin in the hippocampus (mkg/ ml) 

Biogenic amines 
in plasma Control A Epilepsy В 

A-B 
Epilepsy + radon C 

(B-C) 

Dopamine 0.867 ± 0.01 0.488 ± 0.011* 0.465 ± 0.009** 

Noradrenaline 0.639 ± 0.01 0.658 ± 0.024** 0.645 ± 0.012*** 

Adrenaline 0.08 ± 0.002 0.071 ± 0.005* 0.087 ± 0.003** 

Serotonin 0.429 ± 0.01 0.352 ± 0.01* 0.430 ± 0021** 

NA/CT 1.489 ± 0.024 
Р<0.001 

1.869 ± 0.056  
Р<0.001 1.5 ± 0.068** 

DA/CT 2.0209 ± 0.013 
Р<0.001 

1.386 ± 0.032 
Р<0.001 1.081 ± 0.042** 

NA+DA/CT 2.66 ± 0.038 
Р<0.001 

2.044 ± 0.067 
Р<0.001 1.726 ± 0.071** 

As for biogenic amines, dopamine markedly regulates neuronal excitability in the dentate 
gyrus [5], as well as other areas of the limbic system [3, 16, 22] through D1-like and D2-
like signaling pathways. The liberated NE then binds to the appropriate receptors for 
synaptic transmission. These receptors are classified as G protein-coupled receptors with 
inhibitory or stimulatory effects. NE plays an anticonvulsant role in epilepsy. In addition, 
a decrease in NE has been associated with increased susceptibility to the absence of 
epileptic seizures and/or audiogenic seizures and neuronal damage to limbic regions [18, 
25-27]. The fact that NE mediates synaptically mediated excitability through modulation 
of ion channel conductance or indirectly through GABAergic and, in addition, the 
glutamatergic transmission may help explain its role in epilepsy [20, 24, 26, 27]. 

Positive 5-HT levels are elevated after generalized seizures compared to pre-interictal 
levels. This relationship between levels of 5-HT in nervous system tissue suggested that 
5-HT may play an important role in episodes [18, 19]. On the other hand, the inverse 
correlation between interictal serum 5-HT levels and the time of observation of postictal 
generalized EEG suppression suggests an important relationship between interictal serum 
5-HT levels and 5-HT (Fig. 7). 

We find that the ratio of norepinephrine to serotonin, which is much higher than that of 
dopamine to serotonin, and that of catecholamines to serotonin is even greater than that of 
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individual catecholamines to serotonin, is of great importance. It is their ratio, which 
allows us to think that what matters here is not the increase or decrease in the number of 
any catecholamines, but the ratio between them, which gives us a cascade of epileptic 
seizures. 

 
Fig. 7. Ratio of catecholamines to serotonin 

Seizure activity is partially regulated by inhibitory neuronal processes and 
catecholamines, DA and NE, which act as central seizure suppressors. These results 
indicate that NE may reduce CNS susceptibility to epileptiform events. 

DISCUSSION 

As our study showed, the dysfunction of the so-called glutamatergic system plays a 
special role in the development of audiogenic epilepsy, and it also regulates many 
processes in the brain. Glutamic acid (Glu) is the main excitatory neurotransmitter. By 
enhancing the conduction of a nerve impulse from neuron to neuron in our brain, 
glutamate is involved in such mental functions as learning and memory, vision, hearing, 
and movement. A constant companion of glutamate is gamma-aminobutyric acid 
(GABA), which plays the opposite role of an inhibitory neurotransmitter. Insufficient 
activity of GABAergic neurons, as well as an imbalance of Glu and GABA, can cause 
epilepsy. In rats with audiogenic epilepsy at the height of the seizure, the levels of 
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important neurochemical indicators of brain activity clearly change, and in the KM rats, 
there are deviations in the background levels of a number of neurotransmitters [10, 19, 23]. 

Monoamines are the major neuromodulatory system in the central nervous system, and 
the overwhelming evidence accumulated over the last 30 years has also established their 
crucial role in epilepsy [2,5-7, 13]. Beta-endorphins cause an increase in prolactin 
secretion and an increase in insulin levels, which, in turn, leads to the development of 
seizures in the excitatory and inhibitory processes of glutamate and GABA [1, 2, 4]. 

The involvement of the monoamine system in the pathogenesis of epilepsy suggests that 
depression, bipolar disorder, and other neuropsychiatric disorders classically associated 
with monoamine dysfunction may increase the risk of seizures [14]. 

Thus, as a result of epilepsy in rats, a certain change in the level of individual amino acids 
is observed in the nervous tissue, which itself or through derivatives affects the functional 
state of the central nervous system, the level of GABA, and glycine increases. It is accompanied 
by a decrease in the level of serotonin, which is manifested by a decrease in glutamate and 
aspartate in the nervous tissue with a parallel decrease in GABA and glycine. 

A significant change in the qualitative ratio of the amino acid composition, followed by a 
change in the balance of functionally opposite mediators, the pathogenetic significance of 
which is the regulation of the functional activity of the central nervous system, is of great 
importance. In the nervous tissue, there is a decrease in the level of serotonin. The ratio of 
the levels of dopamine and norepinephrine to serotonin revealed a significant increase in 
this indicator, which convincingly indicates a decrease in the relative amount of 
serotonin, i.e. there is a pronounced activation of the kynurenine pathway of tryptophan 
metabolism, which leads to an imbalance of functional processes. 

Deviation from the optimal level and the ratio of biogenic amines and free amino acids, 
caused by biochemical and physiological processes, is directly or indirectly related to the 
implementation of behavioral acts. The change in the level of amino acids and their 
derivatives is one of the most important causes of multiple pathologies, which manifests 
itself not only in the dysfunction of the nervous system but also contributes to the 
development of epileptic seizures and a number of nervous and mental disorders [5,7]. 

In this aspect, radon deserves a special attention. In recent years, there have been trends in the 
study of natural substrates (traditional medicine) and their discussion in the modern scientific 
and practical context around the world. Because such methods are characterized by fewer side 
effects and, therefore, if chronic use is necessary, they cause less harm to a person. The method 
of treatment with Tskhaltubo water is a type of drug that has passed the basic phase of research 
on experimental models of epilepsy, which corresponds to the experimental research phase 
defined for studying the effectiveness of drug methodologies [14, 15, 16, 17, 19]. 

The exposure to radon contributed to a certain regulation of the changes caused by 
epileptic seizures. In the group of rats treated with radon inhalations, there is a decrease in 
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glutamate and aspartate, which is accompanied by an increase in GABA and glycine, 
which helps to optimize the ratio of activating/inhibiting amino acids. Obviously, a 
change in the balance of functionally opposite mediators contributes to the process of 
regulating metabolic shifts. The above problems in epilepsy, the effect of radon inhalation 
on the level of individual biochemical constants of the body, and, the holistic behavior of 
animals requires further study [20]. 

Meanwhile, according to the modern data [12], epileptic seizures are largely associated 
with the primary violation of the functional processes of the CNS, including primary 
cerebrovascular disorders [9]. In this regard, the study of epileptic seizures against the 
background of radon inhalation may be of practical importance. 

The data obtained indicate that a decrease in oxidative stress after a certain time after 
radon inhalation is due not only to residual effects of organic changes in brain structures 
associated with the organization of behavior, in particular, specific glutaminergic neurons 
of the “attack center” of the hypothalamus [22], but also with activation of the entire 
adaptive-compensatory system. 

The clarification of these issues will deepen the modern understanding of epileptic 
seizures and the effect of radon inhalation on neurochemical correlates and dysfunction of 
the nervous system of animals. 

CONCLUSION 

Further research is needed to elucidate the mechanism of radon effect on the antioxidant 
processes but based on the results of the experiment, it can be concluded the following: the 
studies on experimental animals have shown that inhaling Tskhaltubo water develops hormesis, 
which regulates oxidative processes in the brain due to the activation of antioxidants. This is 
expressed in a decrease in existing epileptic seizures and is expressed in the activation of 
Na+/K+-ATPase and specific glutaminergic neurons of the “attack center” of the hypothalamus, 
but also with the activation of the entire adaptive-compensatory system. 

Inhalation of Tskhaltubo water can be considered as a method of treatment with an 
anticonvulsant effect confirmed by the experimental studies. 
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wyaltubos wyalSi Semavali radonis dabali dozebis 

efeqti Tavis tvinis bioqimiuri korelatebis cvlilebaze 

epilefsiiT daavadebul kruSinski-molodkinas xazis 

virTagvebSi (KM) 

marina nikolaiSvili,  zaqaria nanobaSvili,  nodar miTagvaria,  

gvanca Wkadua, ekaterine nozaZe,  irine bilaniSvili 

iv. beritaSvilis eqsperimentuli biomedicinis centri, Tbilisi 

reziume 

antioqsidantur procesebze radonis zemoqmedebis meqanizmis gasarkvevad 

saWiroa Semdgomi kvlevebis Catareba. magram eqsperimentis Sedegebidan 

gamomdinare, SeiZleba davaskvnaT Semdegi: eqsperimentul cxovelebze 

Catarebulma kvlevebma aCvena, rom wyaltubos wylis SesunTqviT viTardeba 

hormezisi, romelic aregulirebs Jangvis procesebs tvinSi antioqsidan-

tebis gaaqtiurebis gamo. es gamoixateba ara marto arsebuli epilefsiuri 

krunCxvebis SemcirebiT dahipoTalamusis “Setevis centris” Na+
/K+

-ATP-azas 
da specifikuri glutaminerguli neironebis gaaqtiurebiT, aramed mTeli 

adaptaciur-kompensaciuri sistemis gaaqtiurebiT. 

wyaltubos wylis inhalacia SeiZleba CaiTvalos eqsperimentuli kvleve-

biT dadasturebuli antikonvulsuri efeqtis samkurnalo meTodad. 

 

ВЛИЯНИЕ МАЛЫХ ДОЗ РАДОНА, СОДЕРЖАЩЕГОСЯ В ЦХАЛТУБСКОЙ 
ВОДЕ, НА ИЗМЕНЕНИЯ БИОХИМИЧЕСКИХ КОРРЕЛЯТОВ ГОЛОВНОГО 
МОЗГА У ЭПИЛЕПТИЧЕСКИХ КРЫС ЛИНИИ КРУШИНСКОГО-
МОЛОДКИНОЙ 

Марина Николаишвили,  Захарий Нанобашвили,  Нодар Митагвария,  
Гванца Чкадуа,  Екатерине Нозадзе,  Ирине Биланишвили 

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

РЕЗЮМЕ 

Для выяснения механизма действия радона на антиоксидантные процессы необходимы 
дальнейшие исследования, но по результатам наших экспериментов можно сделать сле-
дующее заключение: исследования на экспериментальных животных (головной мозг эпи-
лептических крыс линии Крушинского-Молодкиной – КМ) показали, что при вдыхании 
цхалтубской воды развивается гормезис, регулирующий окислительные процессы в мозге за 
счет активации антиоксидантов. Это выражается в уменьшении имеющихся эпилеп-
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тических припадков и выражается в активации Na+/K+-АТФазы и специфических глу-
таминэргических нейронов «центра атаки» гипоталамуса, а также в активации всей 
адаптационно-компенсаторной системы. 

Ингаляции цхалтубской воды можно рассматривать как метод лечения противосудорожных 
припадков, подтвержденный нашими экспериментальными исследованиями. 
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sportuli skolis (7-13 ww.) bavSvTa fizikuri da 

funqciuri monacemebis dinamika 

durmiSxan CitaSvili1,  elene korinTeli2,  nana berianiZe2,  

aleqsandre gobiraxaSvili2,  mariam gobiraxaSvili3,   

nino Ciqobava4 

1 ilias saxelmwifo universiteti, Tbilisi;  2 saqarTvelos 

saxelmwifo fizikuri aRzrdisa da sportis saswavlo univer-

siteti, Tbilisi;  3 Tbilisis saxelmwifo samedicino universi-

teti;  4 saqarTvelo-israelis erToblivi klinika `gidmedi~, 

Tbilisi 

warmodgenil statiaSi mocemulia sportul skolebSi CarTul moswavleTa 

fizikuri Tvisebebi da funqciuri monacemebi erToblivi sakiTxebis kvle-

vis optimalur doneze Casatareblad. 

am sakiTxebis Seswavlis mizniT, romelic tardeboda 7 wlis asakidan 13 

wlamde uwyvetad, gvainteresebda ra asakidan iwyeba bavSvTa funqciuri 

monacemebis da fizikuri Tvisebebis optimaluri korelacia. 

Cveni dakvirvebis SemTxvevaSi es sakiTxebi dadebiTad sruldeboda 9, 11, 12 

da 13 wlis bavSvebSi. am asakSi pulsis, sunTqvis sixSiris da sisxlis 

wnevis maCveneblebis optimaluri korelacia gansxvavebulad xdeba. 

sakvanZo sityvebi: funqciuri Zvrebi, fizikuri maCveneblebi, zogadi da 

specialuri gamZleoba, olimpiuri TamaSebis Catarebis cikli 

bolo xuTi wlis ganmavlobaSi Catarebulma evropis, msoflio da 

olimpiuri TamaSebis Sedegebma gviCvena, rom sportsmenis fizikuri 

SesaZleblobis maqsimumis Sesruleba saTanado daskvnebis gamotanas 

saWiroebs, risTvisac aucilebelia raTa sportuli monacemebis 

gaumjobesebaze fiqri unda iwyebodes umcrosi asakidan (6-7 ww.). 

momavali sportsmenis sawvrTno procesi unda tardebodes wina 

wlebSi Catarebuli varjiSebis moculobis da simZlavris fonze da 

xdebodes misi sistemuri gadamowmeba da gaumjobeseba. aris 
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sportis rigi saxeebi, sadac fizikuri da funqciuri SesaZlebloba 

arsebuli miRwevebis kidev ufro maRal doneze Catarebis saSua-

lebas iZleva. esenia: mxatvruli tanvarjiSi, akrobatika, curva, 

sportuli TamaSebi, mZleosnoba, Widaoba da sxv., romlebic yovel 

wels moiTxovs sportsmenis SesaZleblobis gadamowmebas. 

sportsmenis momzadeba ZiriTadad mwvrTnelis xelmZRvanelobiT 

mimdinareobs, romelic rTuli da xangrZlivi procesia da mo-

mavalSi sportsmenis CvevaTa rTuli kompleqsis SeZenis gadalaxvas 

moiTxovs. am procesSi aqtiurad monawileobs mwvrTneli, romelsac 

mizanmimarTuli muSaobis Catareba uwevs. Cveni dakvirvebis mizani 

iyo zogadi fizikuri varjiSebis fonze miRebuli fizikuri Tvise-

bebisa da funqciuri cvlilebebis safuZvelze bavSvisTvis migveca 

rekomendacia sportis romel saxeobaSi miaRwevda igi ukeTes 

maCveneblebs. 

am sakiTxebis dadebiTad gadasawyvetad fizikuri datvirTvebis 

gazrdis pirvelive dRidan izrdeba kontroli movarjiSeebze maTi 

fizikuri TvisebebiT da funqciuri monacemebiT mzadyofnis Sesaxeb, 

maT Soris yvelaze ukeTesi kontroli tardeba fizikuri aRzrdis 

maswavleblisa da mwvrTnelis erToblivi muSaobiT, romlebic 

iZlevian rCevebs da specialuri varjiSebis rekomendacias sportis 

momaval saxeobaSi varjiSebis gagrZlebis Sesaxeb. 

dakvirvebebi Catarda yofili sportis akademiasTan arsebuli spor-

tuli skolis 7-dan 13 wlis bavSvebis fizikuri da funqciuri mo-

nacemebis SesaZleblobis doneze. aRniSnuli monacemebiT SerCeuli 

bavSvebi varjiSobdnen specialurad SerCeul jgufSi da specia-

listTa garkveuli kontrolis (eqimi, maswavlebeli, mwvrTneli 

sportis arCeul saxeobaSi) da yurdRebis qveS asrulebdnen gegmiT 

gaTvaliswinebul varjiSebs. movarjiSeTa perioduli Semowmeba 

tardeboda im mizniT, rom mwvrTnelebs warmodgena hqonodaT sa-

wvrTno procesis avkargianobaze, raTa ar mieRoT arasasurveli 

Sedegi. 

dakvirvebebi tardeboda varjiSebis oTxwliani swavlebis periodSi. 

standartuli varjiSebiT (rbena 30, 50, 100 da 300 m sirbilis fonze). 

Seiswavleboda fizikuri SesaZleblobebi da masTan dakavSirebuli 

funqciuri monacemebi, rogoricaa pulsi, sunTqvis sixSire, filt-

vebis sasicocxlo tevadoba, arteriuli sisxlis wneva da sxv. 

miRebuli monacemebis safuZvelze keTdeboda daskvnebi movarjiSe 

bavSvis monacemebis Sesaxeb. 
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varjiSebis dawyebamde Cvens interess iwvevda bavSvis mier arCeuli 

sportis saxeoba da mis mimarT gamowveuli obieqturi mizezebi, 

rogoricaa ojaxis wevrebis interesi sportis romelime saxeobaSi, 

Tanatolebis rCevebi, sakuTari mosazreba da sxv. 

xportul skolaSi Caricxva xdeboda bavSvis mier Sesrulebuli 

normativebis xarisxis, fizikuri monacemebis da sxva moTxovnebis 

gaTvaliswinebiT. 

Cveni dakvirvebis mizani iyo Segveswavla sportul skolaSi Semom-

svleli 7 wlis asakis bavSvis fizikuri Tvisebebis done da Sesa-

bamisi funqciuri cvlilebebi (pulsi, sunTqva, sisxlis maqsimaluri 

da minimaluri wneva, filtvebis sasicocxlo tevadoba d sxv.). mo-

nacemebis dafiqsireba xdeba yovel weliwadSi 3-4-jer da gada-

ecemoda wamyvan specialists, ris safuZvelze is Rebulobda gada-

wyvetilebas sawvrTno procesis daregulirebis mizniT. es procesi 

grZeldeba 3-4 weli. 

Cvens ZiriTad mizans Seadgenda sportul skolaSi Semosul pir-

veli wlis moswavleebSi dagvewyo eqsperimenti, romelic gagrZel-

deboda 4 weli, saerTo fizikuri da specialuri fizikuri varjiSe-

bis da funqciuri mzadyofnis Sesaxeb. 

oTxwliani dakvirvebis Sedegad sportsmenTan erTad viRebT gada-

wyvetilebas misTvis specializaciis SerCevis Sesaxeb, romelsac 

safuZvlad udevs 4 wlis ganmavlobSi varjiSis Sedegad miRebuli 

unar-Cvevebis gamoyenebis saSualebebi. 

mwvrTnelisTvis gasagebia Tu ra mniSvneloba eniWeba sawvrTneli 

procesis droul koreqcias rogorc sportsmenis fizikur-funq-

ciuri mdgomareobis optimaluri regulirebisTvis, aseve, aqedan 

gamomdinare, maRali sportuli maCveneblebis miRwevisTvis. am Tval-

sazrisiT, principuli mniSvneloba eniWeba im fiziologiuri pa-

rametrebis SerCevas, romelTa dinamika adekvaturad asaxavs sports-

menis fizikur da funqciur mdgomareobas da, amasTan erTad, maTi 

erTdrouli aRricxva did sirTules ar warmoadgens. aseT para-

metrebad Cven ganvixilavT gulis cemis sixSires, sunTqvis sixSi-

res, sisxlis maqsimalur da minimalur wnevas, romlebic war-

moadgens bavSvTa SerCevis saukeTeso saSualebas. 

swored am miznis gadasawyvetad SevimuSaveT meTodi, romelic fi-

zikur TvisebebTan erTad gvaZlevda saSualebas koreqtireba Segve-

tana gulis cemis, sunTqvis sixSiris da sisxlis wnevis re-

gulirebis sakiTexbSi. 
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Cven mier Catarebul eqsperimentebSi arc Tu ise iSviaTad iyo 

SeniSnuli, rom xdeboda Sedegebis avtomaturi darRveva. suraTze 1 

moyvanili monacemebi gviCvenebs SeTanxmebul moqmedebas gulis 

cemis da sunTqvis sixSires Soris, rac gamowveuli unda iyos sun-

Tqvis organoze naklebi zemoqmedebiT, ris Sesaxeb monacemebi ga-

daecemoda mwvrTnels gamosasworeblad. uaresi monacemebi iqna miRe-

buli sunTqvis organoebis saTanado moqmedebis Sesaxeb. ase, magali-

Tad, pulsuri moqmedeba sawyis mdgomareobas ubrundeboda maSin, 

rodesac sunTqvis sixSire sawinaaRmdego (gaxSirebis) mimarTulebiT 

midioda. aRniSnuli naklovanebebis gamosworeba xdeboda specialistis 

daxmarebiT, romelic axdenda datvirTvis regulirebas. 

Cveni azriT, yovelive es naklebi gawvrTnilobiTaa gamowveuli, ro-

melsac mwvrTneli ver amCnevs da saWiroa misi daxmareba saTanado 

specialistis CareviT. 

rac Seexeba varjiSebis dawyebidan sami wlis Semdgom periods, yvela 

uaryofiTi moqmedeba anulirdeba, rac iZleva saSualebas sports-

menze gaices rekomendacia sportis arCeul saxeobaSi varjiSebis 

gasagrZeleblad. 

zogadi fizikuri momzadebis bolo etapze momavali sportsmeni 

iRebs saboloo gadawyvetilebas sportis arCeul saxeobaSi var-

jiSebis gasagrZeleblad. 

Cveni daintereseba gamoiwvia zogadi fizikuri momzadebis procesSi 

organizmSi mimdinare cvlilebebis Taviseburebam. 

masala, kvlevis meTodebi da Sedegebi 

pirveli fonuri monacemebi pulsis da sunTqvis cvlilebis Sesaxeb 

aRebuli iyo TbilisSi mosvenebul mdgomareobaSi da 40 m garbenis 

Semdeg (sur. 1). dakvirvebebi tardeboda mTeli wlis ganmavlobaSi. 

rogorc suraTidan 1 Cans, mosvenebul mdgomareobaSi pulsis 

sixSiris saSualo monacemebi biWebis da gogonebis erTad aRebuli 

wuTSi saSualod iyo 110 da sunTqvis sixSire – 30. fizikuri 

varjiSis dros (I, b) – 110-dan gaizarda wuTSi 170-mde. Semdgom 

iwyeboda saerTo fizikuri varjiSebi da wlis bolos keTdeboda 

miRebuli monacemebis dafiqsireba, romelic meore wlis varji-

SebisTvis fonur maCveneblad iyo miRebuli. 

fizikuri datvrTvis Sedegad pulsis sixSire meryeobda 130-dan 180-is 

farglebSi da saSualod wuTSi iyo 110 dartyma. 30 metrze sirbilis 
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Sedegad pulsis saSualo monacemebi gaizarda 165-is farglebSi da cdis 

pirTa Soris meryeobda 120-dan 170-is sixSiris doneze, sunTqvis 

sixSire 35 da 55 farglebSi meryeobda da wuTSi saSualod iyo 50. 
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sur. 1. ordinataze – pulsis (I) da sunTqvis (II) sixSire mosvenebul 

mdgomareobaSi (a) da fizikuri datvirTvis dros (b). ordinataze mo-

cemulia pulsis (I) da sunTqvis (II) maCveneblebi mosvenebul mdgomareobaSi 

(a) da 30 m garbenis Semdeg (b). es monacemebi Cven mier miRebulia fonur 

monacemebad. 

suraTze 2 mocemulia imave bavSvTa organizmSi mimdinare cvlile-

bebis monacemebi erTwliani fizikuri varjiSebis fonze. 
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sur. 2. 8 wlis asakis bavSvebis pulsis da sunTqvis sixSire mosvenebul 

mdgomareobaSi (I) da fizikuri datvirTvis Semdeg (II) 
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rogorc suraTidan Cans, erTwliani fizikuri varjiSebis Sedegad 

mkveTri cvlileba ganicada pulsis da sunTqvis sixSirem. ase. 

magaliTad, Tu sur. 1-ze moyvanili monacemebiT mosvenebul mdgo-

mareobaSi pulsis sixSire saSualod wuTSi iyo 110 da erTwliani 

fizikuri varjiSebis Sedegad daqveiTda 78-mde, suraTze 1 fizikuri 

datvirTvis Sedegad pulsi iyo 165, erTi wlis varjiSis Sedegad 

daqveiTda 140-mde. rac Seexeba sunTqvis sixSiris cvlilebebs, sur. 2 

ramdenadmea gazrdili da saSualo monacemebiT fizikuri var-

jiSebis dasrulebis Semdeg wuTSi 60-is farglebSi meryeobs. 

suraTebze 3 da 4 mocemulia imave bavSvebis monacemebi 9 da 10 wlis 

asakSi, sadac naTlad Cans pulsis normaluri maCveneblebi mosve-

nebul mdgomareobaSi da fizikuri datvirTvis pirobebSi, sama-

gierod, ramdenadmea gazrdili sunTqvis sixSire, rac miuTiTebs 

gamZleobiT fizikuri varjiSebis naklebobaze. 

0

20

40

60

80

100

120

140

160

I II

a
b

 
sur. 3. 9 wlis bavSvTa pulsis (I) da sunTqvis (II) sixSiris monacemebi 

mosvenebul mdgomareobaSi da fizikuri datvirTvis Semdeg 

sur. 4-ze mocemuli monacemebi iZleva igive suraTs, rogorc 9 wlis 

bavSvebSi, rac gamoixateba SemdegSi: sunTqvis sixSire fizikur 

datvirTvamde aris 62, xolo datvirTvis Semdeg – 90, rac se-

riozul Seswavlas moiTxovs. 

suraTze 5 moyvanilia 11 wlis bavSvTa pulsis sixSiris (I), sisxlis 

maqsimaluri (II) da minimaluri wnevis (III), aseve sunTqvis (IV) 

sixSiris cvlilebebi. es monacemebi naTlad uCvenebs kanonzomier 

moqmedebas yvela monacemis mixedviT. 



 

 

 

 

81 

0

20

40

60

80

100

120

140

160

I II

a
b

 
sur. 4. igive bavSvTa monacemebi 10 wlis asakSi. aRniSvnebi igivea, rac wina 

suraTebze 
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sur. 5. 11 wlis bavSvTa monacemebi. I – pulsi, II – sisxlis maqsimaluri 

wneva, III – sisxlis minimaluri wneva, IV – sunTqvis sixSire 

sur. 6-ze mocemulia mosvenebul mdgomareobaSi 12 wlis bavSvTa 

pulsis sixSire (I), romelic saSualod aris 90, sisxlis 

maqsimaluri wneva – 105 (II), xolo minimaluri – 60 (III), sunTqvis 

sixSire 22 (IV), rac metyvelebs 12 wlis asakis bavSvTa gawvrTni-

lobis dadebiT Sedegebze. 

suraTze 7 moyvanilia 13 wlis bavSvTa monacemebi – pulsis sixSire (I), 

sisxlis wneva (II da III), sunTqvis sixSire (IV). suraTze arsebuli mo-

nacemebidan naTlad Cans, rom yvela monacemi gamoxatavs 13 wlis 
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bavSvTa fizikuri momzadebis da funqciuri SesaZleblobis maRal 

dones. 
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sur. 6. 12 wlis bavSvTa monacemebi. I – pulsi, II – sisxlis maqsimaluri 

wneva, III – sisxlis minimaluri wneva, IV – sunTqvis sixSire 
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sur. 7. 13 wlis bavSvTa monacemebi. I – pulsi, II – sisxlis maqsimaluri 

wneva, III – sisxlis minimaluri wneva, IV – sunTqvis sixSire 

suraTze 8 mocemulia filtvebis sasicocxlo tevadoba 11 (I), 12 (II) 

da 13 (III) wlis asakis bavSvTa zogadi fizikuri momzadebis mi-

xedviT. 

suraTze naTlad Cans monacemebi asakTan TanafardobaSi, romelic 

gamoxatavs sunTqvis organoebis mier filtvebis moculobis Tanmim-

devrul zrdas. 
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miRebuli monacemebis safuZvelze mivediT im daskvnamde, rom var-

jiSTa kompleqsi, romelic gamoiyeneboda zogadi fizikuri momza-

debisTvis, arasrulyofili aRmoCnda. amas gviCvenebs miRebuli faq-

tebi. rac dasturdeba suraTebze moyvanili monacemebiT. gulis da 

sunTqvis sixSire erTmaneTTan mWidro kavSiris nacvlad erTi 

meoris sawinaaRmdego cvlilebebiT gamoirCeva, saxeldobr, pulsi 

ganicdis SesamCnev cvlilebas, xolo sunTqvis sixSire – matebas. 
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sur. 8. filtvebis sasicocxlo tevadoba asakis mixedviT (spirometriT). I – 

1400, II – 1650, III – 1758 

daskvnebi 

sawvrTnel periodSi fizikuri da funqciuri maCveneblebis mona-

cemebis dinamikis Seswavlam kidev erTxel naTlad gviCvena, rom 

asakTan dakavSirebiT varjiSebis Catarebis dinamika mkacr kontrols 

moiTxovs, sadac upirvelesi mniSvneloba eniWeba fizikuri varji-

Sebis dozirebas, tvirTis moculobis da simZlavris faqtors, rom 

maT Soris ar moxdes samoZrao aparatsa da sunTqvas Soris dis-

koordinacia, romelic daRlis gamowvevis pirvelad wyaros war-

moadgens. 

Cveni dakvirvebis obieqts warmoadgendnen sportis akademiasTan 

arsebuli sportuli skolis moswavleebi, romlebic 4 wlis ganmav-

lobaSi organizmis fizikuri momzadebis Sinaarss da im mraval me-

Tods swavlobdnen, romelTa saSualebiT xdeboda momavali sports-

menis srulyofili ganviTareba. 
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ДИНАМИКА ФИЗИЧЕСКИХ И ФУНКЦИОНАЛЬНЫХ ДАННЫХ ДЕТЕЙ 
СПОРТИВНОЙ ШКОЛЫ В ВОЗРАСТЕ 7-13 ЛЕТ 

Дурмишхан Читашвили1,  Елене Коринтези2,  Нана Берианидзе2,  Александр 
Гобирахашвили2,  Мариам Гобирахашвили3,  Нино Чикобава4 
1 Государственный университет Ильи, Тбилиси;  2 Учебный государственный универ-
ситет физического воспитания и спорта Грузии, Тбилиси;  3 Тбилисский государ-
ственный медицинский университет;  4 Грузино-Израильская совместная клиника 
«Гидмеди», Тбилиси 

РЕЗЮМЕ 

В статье приведена динамика физических свойств и функциональных показателей детей в 
возрасте 7-13 лет, занимающихся в спортивной школе для проведения совместных ис-
следований на оптимальном уровне. 

С целью изучения этих вопросов, мы заинтересовались в каком возрасте начинается 
оптимальная корреляция функциональных и физических свойств детей. 

В наших наблюдениях эти вопросы позитивно решались у детей в возрасте 9, 11, 12 и 13 
лет. В этом возрасте оптимальная корреляция между показателями частоты пульса и ды-
хания и артериального давления происходит различно. 

THE DYNAMICS OF PHYSICAL AND FUNCTIONAL DATA OF 7-13 AGED 
CHILDREN OF SPORTS SCHOOL 

Durmishkhan Chitashvili1,  Elene Korinteli2,  Nana Berianidze2,   
Alexander Gobirakhashvili2,  Mariam Gobirakhashvili3,  Nino Chikobava4 
1 Ilia State University, Tbilisi, Georgia;  2 Georgian State Educational University of Physical 
Training and Sports, Tbilisi;  3 Tbilisi State Medical University, Georgia;  4 Georgian-Israeli 
Joint Clinic “Gidmedi”, Tbilisi 

SUMMARY 

The dynamics of physical properties and functional data of 7-13 aged children training in sports 
school is given in this paper in order to conduct joint researches at optimal level. 

In order to study these questions we got interested in the age at which the optimal correlation 
between the functional and physical properties of children begins. 

In our observations these questions were positively solved in 9, 11, 12 and 13 aged children. It has 
been shown that optimal correlation of the data of pulse and respiratory frequencies, as well as 
arterial blood pressure occurs in a different way. 
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ЭФФЕКТИВНОСТЬ КОМБИНИРОВАННОГО ПРИМЕНЕНИЯ 
АНТИОКСИДАНТОВ И ФОТОТЕРАПИИ В ЛЕЧЕНИИ ВИТИЛИГО 

Нино И. Цискаришвили1,  Цискари Цискаришвили2,  Нино В. Цискаришвили1,2 

1 Тбилисский государственный медицинский университет, Департамент дер-
матовенерологии;  2 Ассоциация «ВИТИЛИГО», Тбилиси, Грузия 

Этиология и патогенез витилиго все еще до конца не изучены. Теорию биохимических 
нарушений (оксидативный стресс) подтверждает ряд зарубежных работ, показы-
вающих, что при витилиго важную роль играет дисбаланс между окисляющими 
воздействиями и антиоксидантной защитой кожи. Воздействие множества триггерных 
факторов (ультрафиолетовое излучение, психоэмоциональный стресс, изменения в 
периферической нервной системе) приводит к возникновению оксидативного стресса. 

Рассматривая проблему витилиго через призму описанных изменений в коже 
пациента, мы предложили использование антиоксидантных препаратоа местного и 
системного действия в терапии больных с данным дерматозом. 

Целью данного исследования явилось определение эффективности комбинированного 
применения антиоксиданта Se ACE (Dr. Wolz), крема витилексин и фототерапии в 
лечении витилиго. 

Как показали результаты исследования, фототерапия с включением антиоксиданта Se 
ACE и местно витилексина дает отчетливый терапевтический эффект. Особенностью 
этого положительного клинического эффекта является его высокая частота, доста-
точно быстрое появленгие (2-3 месяца) косметически благоприятной репигментации, 
которая носит равномерный характер без заметного гиперкератоза, шелушения, 
гиперемии и гиперпигментации. 

Ключевые слова: витилиго, лечение, антиоксиданты, фототерапия 

Витилиго является аутоиммунным заболеванием с потерей пигмента кожи в ре-
зультате деструкции меланоцитов. Клинически дерматоз проявляется появлением 
на коже очагов депигментации. 

В настоящее время существует множество теорий, обьясняющих патогенез ви-
тилиго и каждая из них имеет убедительные научные доказательсва «за» и 
«против«. Появление витилиго обусловлено генетической предрасположенностью, 
некоторыми иммунными и биохимическими расстройствами, что легло в основу 
многих теорий возникновения витилиго [1, 3, 4]. Наиболее популярными и 
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обоснованными являются нейрогенная (нейроэндокринная), аутоиммунная (иммун-
ная), теория аутодеструкции (саморазрушения), генетическая, теория биохимичес-
ких нарушений (оксидативный стресс) [2, 6]. 

Теорию биохимических нарушений (оксидативный стресс) подтверждает ряд 
зарубежных работ, показывающих, что при витилиго важную роль играет 
дисбаланс между окисляющими воздействиями и антиоксидантной защитой кожи. 
Воздействие множества триггерных факторов (ультрафиолетовое излучение, 
психоэмоциональный стресс, изменения в периферической нервной системе) 
приводит к возникновению оксидативного стресса. Последний ведет к повреж-
дению меланоцитов и появлению депигментированных участков кожи, благодаря 
избыточному накоплению свободных радикалов, токсичных предшественников 
меланина или других веществ в эпидермисе в результате снижения активности 
ферментов антиоксидативной защиты, таких как каталаза и тиреоидин редуктаза. 
Косвенным подтверждением патологической роли оксидативного стресса в 
развитии витилиго служат данные о положительном эффекте применения 
антиоксидантов в лечении витилиго [4, 5]. 

Рассматривая проблему витилиго через призму описанных изменений в коже 
пациента, мы предложили использование антиоксидантных препаратов местного и 
системного действия в терапии больных с данным дерматозом. 

Достижение успеха при лечении витилиго возможно только при использоваиии 
комплекса терапевтических методов, где далеко не последнее место занимает 
фототерапия. С другой стороны, использование антиоксидантов в дерматологии 
при ультрафиолетовой терапии было обосновано биофизическими исследованиями, 
согласно которым, антиоксиданты блокируют окисление, образующихся в коже 
продуктов послелучевой деструкции, резко снижают эритемную чувствительность 
(в 1.5-2 раза). Благодаря этому эффекту, можно не опасаясь получения фотодер-
матита, увеличить мощность лучевого воздействия. Уменьшения сроков лечения 
можно добиться применением антиоксидантов. 

Целью данного исследования явилось определение эффективности комбиниро-
ванного применения антиокисданта Se ACE (Dr. Wolz), крема витилексин и 
фототерапии в лечении витилиго. 

МАТЕРИАЛ И МЕТОДЫ 

Под наблюдением находились 25 больных витилиго (15 женщин и 10 мужчин) в 
возрасте от 18 до 40 лет с длительностью заболевания от 6 месяцев до 15 лет. 
Вероятными причинами развития витилиго большинство называло перенесенный 
стресс – 11 больных (44%), оперативное вмешательство – 4 (16%). У одной 
пациентки после вторых родов площадь поражения увеличилась, появились свежие 
очаги. У 5 (20%) больных заболевание возникло после длительного УФ-облучения. 
4 (16%) пациента не связывали появление депигментированных пятен с какими-
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либо значимыми причинами. У ближайших родственников (7 больных) отмечались 
проявления витилиго различной давности и степени распространения. У 2 из них, 
помимо поражений кожи, были обесцвечены участки волос. 

У всех больных оценивали фототип кожи: 80% пациентов были отнесены ко II 
фототипу; 20% – к III фототипу. Больные с I фототипом в исследование не 
включались. При тщательном обследовании противопоказаний к назначению UVB-
излучения не выявили. Все пациенты получали cеансы УФ-облучения – 311 нм, 3 
раза в неделю. Фототерапию проводили на установке ОСТА derm (MED light, 
Германия). Курс леченитя предусматривал 15 процедур. 

Препарат Se ACE содержит 50 мг витамина С, 36 мг витамина Е, 100 мг селена, 3 
мг натурального каратиноида и 1 мг липокина. Он оказывает регуляторное 
действие на внутриклеточный пул восстановленного глутатиона и уровень актив-
ностей ГSH-зависимых ферментов. Отмечаются антиоксидантное и радиопро-
текторное действие препарата, мощный антигипоксический эффект, способствует 
регуляции процессов детоксикации, является эффективным модулятором ГSH-
системы. Препарат назначался в дозе 1 капсулы 2 раза в день в течение месяца. 
Местно на очаги депигментации наносился крем витилексин антиоксидант с 
увлажняющим эффектом. Витилексин повышает продукцию меланина в 
меланоцитах. Натуральный антиоксидант способствует восстановлению клеток и 
ДНК. В состав входит вода, глицерин, селен, токоферолацетат, диметикон, 
минеральные масла парафина, гидроксилацетиловая кислота. 

РЕЗУЛЬТАТЫ И ИХ ОБСУЖДЕНИЕ 

Комплексное лечение больных проводили с учетом клинических особенностей 
витилиго, давности, распространенности и активности патологического процесса. В 
процессе обследования только у одного из больных обнаружены АТ-ТПО, что 
подтвердило диагноз – аутоиммунный тиреоидит. Этот пациент курс фототерапии 
не получал. 

Среди наблюдаемых 7 (28%) имели сегментарную форму витилиго с площадью 
поражения 2%. Несегментарная форма наблюдалась у 18 (72%) больных. В этих 
случаях площадь поражения составляла от 3 до 70% кожного покрова. В группе 
больных входили пациенты с акрофациальным витилиго, 12 больных (50%) с 
депигментированными очагами на лице и конечностях. Только у 5 (20%) при 
клиническом обследовании обнаружены невусы Сеттона. 

Как показали результаты исследования, фототерапия с включением антиоксиданта 
Se ACE и местно витилексина дает отчетливый терапевтический эффект. Осо-
бенностью этого положительного клинического эффекта является его высокая 
частота, достаточно быстрое появленгие (2-3 месяца) косметически благоприятной 
репигментации, которая носит равномерный характер без заметного гиперкератоза, 
шелушения, гиперемии и гиперпигментации. 
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vitiligos mkurnalobis efeqturobis Sefaseba zogadi da 

adgilobrivi antioqsidantebis da fotoTerapiis 

kombinirebuli gamoyenebisas 

nino i. ciskariSvili1,  ciskari ciskariSvili2,   

nino v. ciskariSvili1,2 

1 Tbilisis saxelmwifo samedicino universiteti, dermatovenerologiis 

departamenti;  2 saqarTvelos vitiligos asociacia, Tbilisi 

reziume 

vitiligos etiologia jer kidev gaurkvevelia, ris gamoc mniSvnelovania 

daavadebis gamomwvevi paTogenezuri meqanizmebis gamovlena da mkurna-

lobis efeqturi meTodebis SemuSaveba. 

kvlevis mizania vitiligos fotoTerapiaSi preparat ACE Se, vitileqsinis 

kremis gamoyenebis gansazRvra. 

vakvirdebodiT vitiligoTi daavadebul 18-dan 40 wlamde asakis 25 

pacients (15 qali da 10 mamakaci). daavadebis xangrZlivoba 6 Tvidan 15 

wlamde iyo. aqedan 18 pacients daudginda vitiligos arasegmenturi forma, 

xolo 7 – segmenturi vitiligo. arasegmenturi vitiligos 12 pacients dau-

dginda akrofacialuri forma. setonis nevusi mxolod 5 SemTxvevaSi iyo. 
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fotoTerapia selenis preparatis, vitileqsinis gamoyenebiT sruldeba 

metad gamoxatuli Terapiuli SedegiT. kerZod, meti sixSiriT miiReba 

swrafad ganviTarebuli kosmetikurad misaRebi hiperpigmentacia (hiper-

keratozis, aqercvlis, hiperemiis da hiperpigmentaciis gareSe). 

EFFICIENCY OF COMBINED USE OF ANTIOXIDANTS AND 
PHOTOTHERAPY IN THE TREATMENT OF VITILIGO 

Nino I. Tsiskarishvili1,  Tsiskari Tsiskarishvili2,  Nino V. Tsiskarishvili1, 2 
1 Tbilisi State Medical University, Department of Dermatology and Venerology;  2 Georgian 
Association of Vitiligo, Tbilisi, Georgia 

SUMMARY 

One of the most accepted theories of the pathogenesis of vitiligo is an oxidative stress theory, 
according to which a series of biochemical anomalies cause oxidative stress, leading to the 
accumulation of melanocytotoxic substances and inhibition of natural processes of detoxification 
with subsequent destruction of melanocytes in vitiligo focus. 

On the other hand, the use of antioxidants in combination with ultraviolet therapy of 
dermatological diseases has been theoretically proved by biophysical studies. Based on the 
foregoing, the use of antioxidants during phototherapy of vitiligo pathogenetically is justified. 

The aim of the study was to evaluate the therapeutic efficacy of Se ACE, vitilexin cream and 
phototherapy in treatment of patients with various forms of vitiligo. Phototherapy was performed 
by means of MED light OCTA derm (3 times per week, the course of treatment – 15 procedures). 

The phototherapy of vitiligo combination with selenium and vitilexin cream gives a well 
pronounced therapeutic effect, the clinical picture of which can be described as the following: high 
frequency, fast enough occurrence (2-3 months), cosmetic favorability – repigmentation has an 
uniform character without noticeable hyperkeratosis and peeling, as well as without any redness 
and hyperpigmentation. 





 

 

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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