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S e s a v a l i 

 

 

cocxali organizmi, dawyebuli umartivesebidan da 

damTavrebuli adamianiT, ar warmoadgens izolirebul sistemas, 

aramed Ria sistemaa, romelic awarmoebs garemosTan nivTierebis, 

energiisa da informaciis mimocvlas. cnobili biologis n. fon 

bertalanfis azriT organizmi calkeuli elementebis 

konglomerati ki ar aris, aramed aris maRalorganizebuli, 

erTiani sistema, romelic mudmiv cvlilebebs ganicdis. amave 

dros cocxali organizmi TviTstruqturirebadi da 

TviTorganizebadi sistemaa.  

Tu davuSvebT, rom cocxal organizms gaaCnia yvela 

aucilebeli substrati sruli regeneraciisa da srulfasovani 

kompensaciisaTvis, maSin xanSi Sesvlis procesebis, qronikuli 

paTologiuri mdgomareobebisa da daavadebebis mizezi unda iyos 

organizmis mier im informaciis dakargva, romelic aucilebelia 

aRdgeniTi procesebis marTvisaTvis. aqedan gamomdinare, cocxal 

organizmebSi TviTregulaciis safuZvels informaciuli 

mimocvla anu garemosTan mWidro urTierToba warmoadgens. 

swored garemo faqtorebis cvlileba iwvevs 

biomakromolekulebis qimiuri struqturebis funqciur 

struqturebad gardaqmnas, romelTac TviTregulaciis 

mniSvnelovani SesaZleblobani gaaCniaT. 
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cnobilia, rom garemo faqtorebis zemoqmedeba organizmze 

ujredul doneze mimdinareobs. ujredi ki cocxali organizmis 

ZiriTadi struqturul-funqciuri erTeulia, romelSic 

mimdinareobs yvela biologiuri procesis realizaciis sawyisi 

da damasrulebeli etapi. swored ujredis komponentebSi - 

biomakromolekulebSi warmoqmnili TiTqosda umniSvnelo 

cvlilebebi iwveven organizmSi mimdinare Semdgom paTologiur 

cvlilebebs. amrigad, gasagebi xdeba mecnierebis didi interesi 

ujredul doneze warmoqmnili cvlilebebis Seswavlisadmi, 

romelic garemos ukiduresi dabinZurebisa da ekologiuri 

pirobebis mkveTri gauaresebis fonze sul ufro aqtualuri 

xdeba. 

molekulebSi mimdinare fiziko-qimiuri cvlilebebi ki 

uSualod aisaxeba maT Termostabilurobaze, rac saSualebas 

gvaZlevs SeviswavloT garemo faqtorebis moqmedebis meqanizmebi 

Sesabamis obieqtebze. 

biomakromolekulebis Termostabilurobis Seswavlis 

meTodebs Soris mniSvnelovani adgili ukavia diferenciul 

skanirebad mikrokalorimetrias (dsm), romelic saSualebas 

gvaZlevs miviRoT saWiro informacia maTi natiuri konformaciis 

stabilizaciis energetikul safuZvlebze. dsm agreTve efeqturi 

meTodia raTa SeviswavloT sxvadasxva gare faqtorebis _ 
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temperaturis, pH-is, wnevis, ionuri Zalis, biologiurad aqtiuri 

nivTierebebis zemoqmedeba biomolekulebze da SevafasoT maT 

mier gamowveuli destabilizaciis an stabilizaciis xarisxi. 

biopolimerebis struqturebis Sesaswavlad iseT rTul 

sistemebSi, rogorebicaaUujredebi da qsovilebi, dsm-is meTodi 

praqtikulad Seucvlelia. 

qvemoTmoyvanil naSroms safuZvlad daedo garemo 

faqtorebis gavlena ujredis iseT mniSvnelovan komponentebze, 

rogorebicaa cilebi, nukleinis mJavebi da qromatini. 

kerZod, Cven SeviswavleT hemoglobinis Termuli Tvisebebis 

damokidebuleba mis koncentraciaze, buferis ionuri Zalasa da 

xsnarebis pH-ze.  

globularuli cilebis denaturacia da renaturacia in vitro 

samecniero kvlevebis gansakuTrebul obieqts warmoadgens, 

radgan es procesebi mWidrodaa dakavSirebuli cilovani 

molekulebis TviTorganizaciasTan, romlis meqanizmis moSla 

organizmSi paTologiuri cvlilebebis gamomwvevia. cnobilia, 

rom buferis ionuri Zalis, xsnarebis koncentraciisa da pH-is 

cvlileba hemoglobinis natiuri konformaciis darRvevas iwvevs. 

am procesebze dakvirveba da maTi analizi ki SeiZleba sisxlis 

sxvadasxva daavadebebis diagnostikis safuZveli gaxdes. 
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garemos mniSvnelovanma dabinZurebam mZime metalebis 

marilebiT da agreTve im faqtma, rom metalebs Zlieri zegavlena 

aqvs nukleinis mJavebze, gamoiwvia Cveni daintereseba raTa 

Segveswavla dnm-is metalebTan kompleqsis Termodinamikuri 

Tvisebebi.  cnobilia, rom mikroelementebis metabolizmis 

darRveva organizmSi mutagenezisa da kancerogenezis gamomwvevi 

faqtoria, magram amave dros zogierT metalsa da maT 

kompleqsebs antikancerogenuli Tvisebebic axasiaTebT. aqedan 

gamomdinare mniSvnelovani yuradReba mivaqcieT nukleinis 

mJavebis kompleqss kaTionur porfirinebTan.  

garemos qsenobiotikebiT, kerZod toluoliT dabinZurebis 

maRalma xarisxma gvibiZga Segveswavla misi zemoqmedebis Sedegebi 

cocxal organizmebze. toluoli aRiarebuli polutantia. igi 

didi raodenobiT gamoiyofa atmosferoSi msubuqi sawvavis 

(benzini, navTi) an toluolis Semcveli gamxsnelebis 

aorTqlebisa da transportis gamonabilqviT haeris dabinZurebis 

dros. igi agreTve xvdeba niadagSi da gamdinare wylebSi 

sawvavisa da zeTebis transportirebis da miwisqveSa 

konteinerebidan gaJonvis Sedegad da garemos mniSvnelovan 

dabinZurebas iwvevs. aqedan gamomdinare gagviCnda interesi 

Segveswavla toluolis zegavlena qromatinis 

Termostabilurobaze.  
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I. Tavi. 

literaturis mimoxilva 

 

1.1. hemoglobinis agebuleba da funqciebi 

hemoglobini ZiriTadi sasunTqi pigmenti da eriTrocitebis 

mTavari komponentia. igi adamianis organizmSi mniSvnelovan 

funqcias asrulebs: gadaaqvs Jangbadi filtvebidan qsovilebSi 

da naxSirorJangi ki qsovilebidan filtvebSi. cnobilia, rom 

molekuluri Jangbadi sisxlSi cudad ixsneba: 1 litr plazmaSi 

ixsneba mxolod 3,2 ml О2. eriTrocitebSi Semavali cila 

hemoglobini ki ierTebs 70 –jer mets – 220 ml/l-ze. igi agreTve 

ganapirobebs sisxlis fuZe-mJavur wonasworobas, qmnis buferul 

sistemas, riTac xels uwyobs sisxlis normaluri pHH–is 

SenarCunebas.   

hemoglobini adamianisa da cxovelis sisxlis wiTeli 

pigmentia. gamoTvlilia, rom erT eriTrocitSi daaxloebiT ∼ 

300000000 hemoglobinis molekulaa da TiToeuli 103 atoms 

Seicavs. adamianis sixlSi hemoglobinis Semcveloba ∼ 14,5%-ia, 

misi saerTo raodenoba ki ∼ 750g. mamakacebSi misi koncentraciaa 

130-160 g/l, qalis sisxlSi ki _ 120-140g/l. hemoglobini 

hemoproteidebis ojaxSi Semavali rTuli cilaa, romlis 
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cilovani nawili globinia da aracilovani ki prostetiuli 

jgufi. es ukanaskneli warmodgenilia 4 erTnairi rkina-

porfirinis SenaerTiT, romelsac hemi ewodeba. hemis molekula 

Sedgeba porfirin IX-gan, romelic azotis ori 

atomiTYkovalenturad da azotis kidev ori atomiT 

koordinaciuli bmiT uerTdeba rkinas. rkinis orvelntiani atomi 

mdebareobs hemis centrSi da gansazRvravs sisxlis wiTel fers.  

 

sur. 1.  hemoglobinis struqturuli formula 

hemoglobinis saxeobrivi gansxvavebani ganpirobebulia misi 

qimiuri SemadgenlobiTa da globinis agebulebiT. igi 

tetrameruli cilaa, romlis molekulebic polipeptiduri 

jaWvis gansxvavebuli tipebiTaa warmodgenili - α, β, γ, δ. erTi 

molekulis SemadgenlobSi or-ori erTnairi polipeptiduri 
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jaWvia, romelTaganac TiToeuli daxveulia hemoglobinis erT 

hemze. sxvadasxva saxeobaSi arsebul  hemoglobins gansxvavebuli  

pirveladi, meoreuli da mesameuli struqtura gaaCnia, rac mis 

individualur Tvisebebs ganapirobebs [1].  GGGGGAF 

cnobilia, rom adamianis hemoglobini ori erTnairi 

nawilisagan Sedgeba da TiToeuli maTgani warmodgenilia ori 

identuri polipeptiduli jaWviT. adamians erTmaneTisagn qimiuri 

agebulebiT gansxvavebuli tipis hemoglobinis molekulebi 

gaaCnia. zrdasruli adamianis sisxlSi aRmoCenilia HbA 

hemoglobini, romelic Sedgeba α2β2  jaWvebisagan. TiToeuli jaWvi 

daaxloebiT 141-146 aminomJavuri naSTisagan Sedgeba. garda amisa, 

adamians gaaCnia  HbA2 (α2δ2) hemoglobini, romlis Semcveloba 

sisxlSi mTeli hemoglobinis raodenobis ~ 2,5% -ia. amas garda 

cnobilia axaldabadebulTa hemoglobini - F (HbF), romelic 

Sedgeba α2γ2  jaWvebisagan. axaldabadebulis sisxlis 

Semadgenloba erTi wlis asakisaTvis TiTqmis mTlianad 

Cainacvleba HbA hemoglobiniT da zrdasrulis sisxlSi  HbF 

hemoglobinis procentuli Semcveloba mxolod ~ 1,5% - ia. 

globinis aminomJavuri Semadgenlobis umniSvnelo cvlilebac ki 

hemoglobinis Tvisebebis srul Secvlas iwvevs. magaliTad, VI 

poziciaSi glutaminis mJava Canacvldeba valiniT HbA-s 

gadaaqcevs HbS –ad, rac Tavis mxriv iwvevs fataluri daavadebis 
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– namgliseburi anemiis ganviTarebas. es paTologiuri 

hemoglobini kristalirdeba eriTrocitebSi, iwvevs maT 

deformacias da aqedan gamomdinare sisxlZarRvebis dazianebas [2].  

arsebobs kidev erTi paTologia, e.w. hemolitikuri anemia, 

romelsac iwvevs HbC–s arseboba adamianis sixlSi. es 

autosomaluri recesiuli daavadeba namglisebur anemiasTan 

SedarebiT naklebad sazianoa organizmisaTvis. hemoglobimis es 

forma Sedgeba ori normaluri alfa jaWvisagan da or beta 

jaWvSi ki VI poziciaSi glutaminis mJava liziniTaa 

Canacvlebuli. Tavis mxriv ki es mutacia iwvevs hemoglobinis 

kristalizacias da zrdis sisxlis siblantes [3].  

hemoglobini kristaluri nivTierebaa, kargad ixsneba wyalSi 

da ar ixsneba spirtSi, eTersa da qloroformSi. miuxedavad 

imisa, rom eriTrocitebSi hemoglobini 30%-ze metia, igi gaxsnil 

mdgomareobaSia. misi aminomJavuri Semadgenlobis SecvliT 

icvleba misi xsnadobis xarisxi.   

hemgolobinis xsnari muqi wiTeli ferisaa da sinaTlis 

ultraiisfer da xilul speqtrSi damaxasiaTebeli STanTqmis 

speqtri gaaCnia. misi izoeleqtruli wertili 7 – is tolia. 

advilad denaturirdeba mJave da tute areSi. mJave areSi hemsa da 

globins Soris kavSiri advilad wydeba. Tavisufali hemi ki 

advilad iJangeba hematinamde, romelSic rkina samvalentiania.  



 11   

hemoglobinis ZiriTadi damaxasiaTebeli Tvisebaa Jangbadis 

da naxSirorJangis Seqcevadi mierTeba. miRebul naerTebs 

Sesabamisad ewodebaT oqsihemoglobini da karboqsihemoglobini.  

molekuluri Jangbadis hemoglobinTan mierTebas ver 

vuwodebT WeSmarit Jangvas, radgan rkinis valentoba hemSi ar 

icvleba da am reaqcias marTebulia vuwodoT oqsigenacia. 

hemoglobinis WaSmariti Jangva xdeba maSin, rodesac rkina 

samvalentian formaSi gadadis. 

sisxlSi hemoglobins oTxnairi formiT vxvdebiT: 

oqsihemoglobini, dezoqsihemoglobini, karboqsihemoglobini da 

methemoglobini. es formebi urTierTSeqcevadia da maTi 

Sefardeba organizmis individualur Tvisebebzea damokidebuli. 

dezoqsihemoglobini es aris hemoglobini, romelic Seicavs 

ligandebTan daukavSirebel, dauJangav rkinas (Fe2) da aRiniSneba 

Hb-Ti. MmTlianad daJanguli tetrameri, romelic Jangbadis 4 

molekulas Seicavs – oqsihemoglobini (HbO2). naxSirorJangis 4 

molekulis Semcvelia karboqsihemoglobini (HbCO), xolo 

methemoglobinSi rkina samvalentian formaSia, ris gamoc mas ar 

gaaCnia Jangbadis transportirebis unari da cisfradaa Seferili. 

adamianis sisxlSi methemoglobinis Semcveloba normaSi 1-2% -ia.  
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sur. 2. hemoglobinis sivrculi agebuleba 
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hemoglobinis fiziologiuri funqcia _ miierTos da 

gamoanTavisuflos Jangbadi, ganpirobebulia misi kooperatiuli 

TvisebebiT. am Tvisebebis matarebeli ki swored oligomeruli 

cilebi arian. hemoglobinis tetrameruli konformacia xsnarebSi 

stabilizirdeba ZiriTadad aminomJavebis naSTebs Soris 

hidrofoburi urTieTqmedebiT. hemoglobinis suberTeulebis gare 

zedapirebi erTmaneTs arapolaruli kontaqtebiTac 

ukavSirdebian, riTac SeiZleba avxsnaT misi pirveladi 

struqturis mcired damuxtuloba da didi hidrofoburoba. 

hemoglobinis wona daaxloebiT 64 000 daltonia, xolo 

TiToeuli suberTeulisa ki 16 000 daltoni. tetramerebSi 

suberTeulebs Soris kavSirebi araerTgvarovania. gansakuTrebiT 

mWidroa es kavSirebi alfa da beta suberTeulebs Soris wyvil-

wyvilad, ris Sedegadac warmoiqmneba dimerebi α1, β1, da α2, β2. 

erTnair suberTeulebs, rogorc wesi ar gaaCniaT kavSirebi 

erTmaneTs Soris. hemoglobinis tetramers TiTqmis sferos forma 

aqvs, romlis diametric daaxloebiT _ 55 Å-ia. mis hidrofobur 

jibeebSi Calagebulia 15 Å –is diametris da 3.7 Å –is sisqis mqone 

diskebis formis hemebi. identuri suberTeulebi TiTqmis 

paraleluria erTmaneTis mimarT, xolo alfa da beta jaWvebi ki 

TiTqmis _ perpendikularuli. aseTi urTierTganlagebis Sedegad 

warmoiqmneba marTkuTxedis formis Sinagani sivrce, romlis 
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zomebia _ 20 _ 25 Å. marTkuTxedis Siga mxares mimarTuli 

aminomJavuri naSTebis umetesoba arapolarulia, rac molkulas 

wyalxsnarebSi aniWebs stabilurobas van der vaalsis Zalebis 

meSveobiT [4].  

garda hemoglobinisa, xerxemlianebSi da maT Soris 

adamianebSi, vxvdebiT cila mioglobins (Mb), romelsac agreTve 

aqvs unari miierTos Jangbadi. igi kunTis qsovilSi gvxvdeba da 

warmoadgens hemis Semcvel proteins. igi erTjaWviani, 153 

aminomJavuri naSTis Semcveli cilaa, romlis centrSic 

ganlagebulia hemis jgufi da misi wona 16 700 daltonia.  

xangrZlivi evoluciis peiodSi hemoglobini Camoyalibda 

cilad, romelic Sesabamisad reagirebs garemodan Semosul 

informaciaze. gansazRvruli cvlilebebi moqmedebs molekulis 

aqtiur ubnebze, ganapirobebs alosterul urTierTqmedebebs, rac 

Tavis mxriv iwvevs suberTeulebis mesameuli struqturis da 

tetrameris meoTxeuli struqturis cvlilebebs.  Hb-is 

suberTeulebs gaaCniaT ori konformaciuli mdgomareoba _ Т da 

R. Т formas R formasTan SedarebiT JangbadTan naklebi mierTebis 

unari axasiaTebs. Jangbadis mierTeba Т formis suberTeulTan 

iwvevs lokalur konformaciul cvlilebebs, rasac mosdevs 

suberTeulebs Soris kavSirebis Sesusteba. Jangbadis 
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koncentraciis gazrdasTan erTad imatebs R formis 

suberTeulebis mqone hemoglobinis wili [5].  

kooperatiuli urTierTqmedebebis Sedegad Jangbadis 

koncentraciis zrdisas izrdeba hemoglobinis JangbadTan 

dakavSirebis unari. Т da R. Т formas Soris wonasworobaze 

moqmedebs alosteruli efeqtorebi, romelTa Soris gamoirCeva 

CO2 da Н+. isini uerTdebian cilas misi aqtiuri centrebis gareT 

da iwveven masSi konformaciul cvlilebebs, ris Sedegadac 

icvleba maTi aqtivoba. hemoglobinis aseTi rTuli reaqciebi 

dakavSirebulia cilis mier Jangbadis Seqcevad dakavSirebasTan.  

sur.3-ze naCvenebia Jangbadis hemoglobinTan da mioglobinTan 

dakavSirebis mrudebi.  

 

sur. 3. hemoglobinisa da mioglobinis oqsigenaciis mrudebi. 
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am mrudebze TvalnaTliv Cans damokidebuleba srulad 

oqsigenirebuli molekulebis wilis da oqsigenaciis fardobiTi 

sididisa (Y) Jangbadis parcialur wnevaze (pO2). am 

damokidebulebis erT-erTi mniSvnelovani maxasiaTebelia 

Jangbadis parcialuri wnevis sidide (P50), romlis drosac 

oqsigenacia maqsimaluri mniSvnelobis naxevris tolia. Jangbadis 

mierTebis sqematuri procesebi SeiZleba Semdegnairad Caiweros: 

;22 OMbMbO +↔     22 4)( OHboHb +↔  

Tu cila (P) urTierTqmedebaSi Sedis Jangbadis n 

molekulasTan _ 

22 )( nOPOP n +↔  
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mioglobinis SemTxvevaSi, rodesac n = 1. grafiks hiperbolis 

forma aqvs, maSin rodesac hemoglobinisaTvis n = 4 da grafiki 

sigmoiduria, rac Seesabameba Jangbadis kooperatiuli mierTebis 

idealur SemTxvevas.  
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hemoglobinSi rTuli alosteruli urTierTqmedebebis gamo, 

molekulis Tvisebebze pirveladi struqturis sul mcire 

cvlilebebic ki moqmedebs [6].  

 

1.2. cilebis konformaciuli stabilurobis energetikuli 

aspeqtebi  

cilebis struqturis Seswavlis meTodebs Soris 

mniSvnelovani adgili ukavia diferenciul skanirebad 

mikrokalorimetrias (dsm). igi saSualebas gvaZlevs miviRoT 

saWiro informacia maTi natiuri konformaciis stabilizaciis 

energetikul aspeqtebze. dsm agreTve efeqturi meTodia, raTa 

SeviswavloT sxvadasxva gare faqtorebis _ pH -is, wnevis, ionuri 

Zalisa da biologiurad aqtiuri nivTierebebis zemoqmedeba 

cilaze da SevafasoT maT mier gamowveuli destabilizaciis an 

stabilizaciis xarisxi. qvemoT ganxiluli iqneba globularuli 

cilebis gamokvlevasTan dakavSirebuli zogierTi 

meTodologiuri aspeqti. 

dResdReobiT kargad aris Seswavlili globularuli 

cilebis konformaciuli gadasvlebis Termodinamika da 

miRebulia saintereso Sedegebi [7-10] amasTan  dakavSirebiT. am 

cilebis mier gamovlenili Tvisebebi SesabamisobaSia e.w. “ori 
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mdgomareobis modelTan”, romelic dafuZnebulia im 

Sexedulebaze, rom denaturaciuli zemoqmedebis Sedegad cila 

kooperatiulad gadadis natiuri mdgomareobidan mTlianad 

denaturirebul mdgomareobaSi. es procesi fazuri gadasvlis 

msgavsia [11].  

imisaTvis, rom SeviswavloT cilebis wyalxsnarebis 

gaxurebisas mimdinare Sigamolekuluri procesebi, kalorimetrSi 

itvirTeba misi dabalkoncentraciuli xsnarebi, romlis  pH 

Zlieraa daSorebuli normas. es ganapirobebs imas, rom 

molekulebs Soris urTierTqmedeba minimumamdea Semcirebuli, da 

amave dros Semcirebulia maTi agregacia.  

 

1.3. dnm-is urTierTqmedeba biologiurad aqtiur 

nivTierebebTan 

rogorc cnobilia, dnm-is molekuluri struqtura 

stabilizirdeba wylis molekulebiTa da metalebis ionebiT da 

agreTve icvleba sxvadasxva faqtorebis gavleniTac: 

temperaturis momatebiT, gamxsnelis Semadgenlobis SecvliT, 

ionuri Zalebis cvlilebiT da sxv. ormagi spiralis ramodenime 

struqturuli forma (konformacia) arsebobs: А, В, Z _ formebi, 

romlebic erTmaneTisagan gansxvavdeba spiralis daxvevis 

xarisxiT, fuZeebis sibrtyeebis orientaciiT RerZTan mimarTebiT 



 19   

da biologiuri funciebiT. garda amisa dnm SeiZleba arsebobdes 

xsnarebSi mouwesrigebeli gorgalis formiT. Aam formebis 

urTierTgadasvla xdeba garemo pirobebis zemoqmedebiT da mas 

gaaCnia kooperatiuli xasiaTi.  

nukleinis mJavebis (nm) biologiurad aqtiuri formebis 

CamoyalibebaSi mniSvnelovan rols TamaSobs dabalmolekuluri 

nivTierebebi _ metalebis ionebi, sxvadasxva bunebis mqone 

qimiuri nivTierebebi, romelTac biologiurad aqtiur 

nivTierebebs uwodeben (ban). amaTgan zogierTi maTgani ujredSi 

arsebobs metad umniSvnelo raodenobiT, magram unari aqvs mavne 

zegavlena iqonios  nm-is struqturaze da SeuZlia gamoiwvios 

genetikuri infomaciis (replikacia, transkipcia da translacia) 

gadacemis procesebis darRveva, dnm_Si erT- an orjaWviani 

gaxleCva, cilis sinTezis blokireba da sxva genetikuri 

anomaliebi [12]. 

amrigad, biologiurad aqtiur nivTierebebs Soris bevria 

toqsikuri, mutagenuri da kancerogenuli naerTebi, romelsac 

SeuZlia rogorc uSualod imoqmedos biologiur 

makromolekulebze, aseve gaaZlieros (an piriqiT Seamciros) 

maTze sxva garemo faqtorebis zemoqmedeba, iseTebis rogorocaa 

ultraiisferi da maionizirebeli gamosxiveba, siTburi 
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zemoqmedeba (biosistemebis gaxureba an gayinva), sxvadasxva 

qimiuri agentebis moqmedeba [13].  

Bban-is umravlesoba normalur pirobebSi wyalxsnarebSi 

kaTionur formaSi imyofeba (es SeiZleba iyos erT-, or- an 

mravalmuxtiani metalis ioni), nm-s molekulebi ki polianionebs 

warmoadgens, romelsac polimeruli jaWvis yovel rgolSi 

uaryofiTi muxti gaaCnia, rac ganapirobebs maT Soris Zlier 

eleqtrostatikur (kulonur) urTierTmizidulobas.   

molekulaTaSoris urTierTqmedebas ganapirobebs agreTve van 

der vaalsis Zalebi, romlebic SedarebiT axlo manZilebze 

moqmedebs, gaaCnia eleqtro-magnituri buneba da ganpirobebulia 

molekulebis eleqtruli dipolebis urTierTqmedebiT. es Zalebi 

mniSvnelovan rols TamaSobs Txevadi da myari kondensirebuli 

mdgomareobebis warmoqmnaSi. van der vaalsis Zalebi ganapirobebs 

gazebis urTierTqmedebas da agreTve gadaxras kanonidan 

idealuri gazebisaTvis. es gadaxrebi eqvemdebareba van der 

vaalsis gantolebas gazebisaTvis: nRTbV
V
aP =−⋅+ )()( 2 , sadac a da 

b mizidulobis konstantebia,  V _ moculoba.  

biomakromolekulebi SeiZleba ganxilul iqnan, rogorc 

erTgvari kondensirebuli sistemebi, romelTa mdgomareobac 

ganisazRvreba SedarebiT susti aravalenturi 
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urTierTqmedebebiT. swored aseTi tipis urTierTqmedebebi 

ganapirobebs makromolekulebis stabilizacias da mis 

cvlilebas molekulis funqcionirebisas. van der vaalsis 

Zalebis energia aris 4,8 kj/mol, oTaxis temperaturaze _ 2,5 

kj/moli, saerTo ionuri bmebis _ 150-600 kj/mol.  

biomolekulebis damakavSirebeli da maTi sivrculi 

struqturis mniSvnelovani ganmsazRvrelia wyalbaduri bmebi. 

maTi zogadi formula SeiZleba ase gamoisaxos: 

R1~A-H...B~R2 ,  

sadac A da B aRniSnaven  wyalbaduri kavSirebis  donor da 

aqceptor  atomebs, rogoricaa O, N, S, F, Сl  da sxva elementebi, 

romelTac zeda orbitebze Tavisufali eleqtronuli wyvilebi 

aqvT. wyalbaduri bmis damaxasiaTebeli Taviseburebaa is, rom 

misi potenciali А, Н da В atomebs erT xazze ganalagebs, rac 

ganapirobebs mowesrigebuli biologiuri sistemebis Seqmnas, 

rogoric aris magaliTad dnm-is ormagi spirali, cilebis α da β 

spiralebi da nm-isa da cilebis mesameuli struqturebi.  

biomolekulebis dakavSirebis kidev erTi tipia hidrofoburi 

urTierTqmedeba, romelic ganpirobebulia sistemis Tavisufali 

energiis momatebiT wyalSi gaxsnis dros da gaaCnia entropiuli 

xasiaTi. mraval organul nivTierebas gaaCnia grZeli 

naxSirwylovani (hidrofoburi) dajgufeba _ -СН3 , -СН2 , -СН, 
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romelsac ar SeuZlia warmoqmnas wyalTan wyalbaduri kavSiri 

da aqedan gamomdinare ar ixsneba wyalSi [14].  

hidrofobur urTieTqmedebebs adgili aqvs nm-is 

kompaqtzaciisas, zemolekuluri struqturebis Camoyalibebisas 

(mag. qromatini), biomolekulebis biologiurad aqtiur 

nivTierebebTan dakavSirebisas da sxv. amrigad, biopolimerebis 

struqturasa da funqcias ganapirobebs molekulaTaSorisi 

Zalebi, romlis safuZvelia eleqtrostatikuri da 

eleqtrodinamikuri urTierTqmedeba [15].   

 

1.4. dnm-is urTierTqmedeba metalebis ionebTan 

metalebis ionebi ganekuTvneba gansakuTrebiT gavrcelebul 

da aqtiur nivTierebebs, romlebic zemoqmedeben nm-is 

struqturaze da funqciaze [16].  

unda aRvniSnoT, rom nm-is molekulebi, rogorc ujeredebSi, 

aseve wyalxsnarebSi polianionis saxiTaa warmodgenili da misi 

orjaWviani spiralis natiuri struqturis SenarCuneba mxolod 

kaTionebis gansazRvruli koncentraciis Tanaobisas xdeba. 

winaaRmdeg SemTxvevaSi spiralis jaWvebi erTmaneTs scildeba da 

mimdinareobs e.w. gadasvla _ spiral-gorgali. rogorc wesi 

spiralizebuli da gorgliseburi ubnebi monacvleoben. aseTi 
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gadasvla SeiniSneba temperaturis momatebisas, mJavisa da tutis 

damatebisas da agreTve sxva denaturaciis gamomwvevi agentebis 

moqmedebisas. es gadasvla fagur da baqteriul dnm-Si xdeba 

temperaturul intervalSi _ 3-50C, umaRlesebSi 10-150C–is 

intervalSi, homopolinukleotidebSi ki kidev ufro mcire 

intervalSi. rac ufro maRalia dnm-s heterogenuloba, miT ufro 

farToa temperaturuli gadasvlis intervali da dabalia dnm-is 

molekulis renaturaciis xarisxi. polimerebis sivrcobrivi 

konformacia da kooperatiuli gadasvlebi damokidebulia 

rogorc molekulis ionizaciis xarisxze, aseve xsnarebSi 

ionebis koncentraciaze, rasac Tavis mxriv gavlena aqvs 

molekulis calkeuli nawilebisa da molekulisa da gamxsnelis 

eleqtrostatikur urTierTqmedebebze.   

metalebis ionebi mniSvnelovan rols TamaSobs nukleinis 

mJavebTan dakavSirebul fermentul reaqciebSi. am reaqciebis 

optimaluri siCqare damokidebulia TiToeuli ionis 

gansazRvrul saSualo koncentraciaze, romlis Semcireba an 

momateba iwvevs reaqciis siCqaris Semcirebas. 

zogierTi metalis ionebi Zlier mutagenebsa da 

kancerogenebs warmoadgens. magaliTad, manganumisa da spilenZis 

ionebis Warbi raodenobisas mutaciuri  baqteriebisa da 

baqteriofagebis raodenoba aseulobiT imatebs. rogorc naCvenebi 
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iyo mecnierTa jgufis mier, romelsac elefTer andronikaSvili 

xelmZRvanelobda, avTvisebiani simsivneebis warmoqmnas 

organizmSi Tan sdevs metalebis Semcvelobis momateba ara 

moxolod cilebSi, aramed simsivnuri ujredis dnm-Sic. 

dadgenilia farTod gavrcelebuli metalebis, mag. qromisa da 

nikelis maRali kancerogenuroba [17].  

Yudavoa, rom zemoTCamoTvlili faqtebi iwveven dnm-

metalebis kompleqsebis Seswavlis interess gansakuTrebiT, 

garemos mZime metalebiT dabinZurebis fonze. dadgenilia, rom 

zogierTi metalis ionebsa da maT kompleqsebs gaaCnia 

antikancerogenuli moqmedeba. kerZod Zlieri Terapiuli 

aqturoba axasiaTebs platinas, mniSvnelovan citostatikur 

efeqts axdens spilenZi [18].   

Bbolo wlebSi miRebuli monacemebi miuTiTebs cxovelebisa 

da mcenareebis dnm-ze maionizirebeli gamosxivebis uaryofiT 

efeqtze. cnobilia, rom Сu-is ionebi ukavSirdebian dnm-s da 

iwvevs erT- an orjaWvian gaxleCvebs. maionizirebeli 

gamosxivebis moqmedebis SemTxvevaSi, ki SeiniSneba sinergizmis 

efeqti, anu metalisa da gamosxivebis moqmedebebis efeqtebi 

erTmaneTs aZliereben [19].  

Mmetalis ionebis dnm-Tan urTierTkavSiris Seswavlisas 

mTavaria gamovikvlioT am kompleqsis struqtura. Ddnm-is 
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molekulas gaaCnia aqtiuri centris ramodenime tipi, romelic 

koordinirebas ukeTebs metalis ionebs. Ppirvel rigSi es aris 

fosfatur jgufebSi Semavali uaryofiTi muxtis mqone Jangbadis 

ionebi, fuZeebis zogierTi atomi (guaninisa da adeninis N7, 

citozinis N3, guaninis, Timinisa da citozinis Jangbadebis 

egzocikluri atomebi). metalebis ionebis dakavSireba dnm-is 

sxvadasxva centrebTan specifiuria da mniSvnelovnad aris 

damokidebuli ionis bunebaze. tute metalebis (Na+, К+) da 

tutemiwaTa metalebis (Mg2+, Са2+) ionebi ukavSirdeba upiratesad 

dnm-is fosfatur jgufebs, xolo gardamavali metalebis (Mn, Zn, 

Со, Ni, Cd, Cu, Ag, Hg) ionebi aqtiurad ebmeba agreTve fuZeebsac [20].  

Aam kompleqsebis CamoyalibebaSi wylis molekulebi 

mniSvnelovan rols TamaSobs, warmoqmnis hidratul garss ionsa 

da mis kopleqsze. am dros SesaZlebelia ionsa da mis 

makoordinebel atoms Soris uSualo kavSiris warmoqmna da 

kavSiri wylis saSualebiT. gansxvaveba SeiniSneba ionebis 

dakavSirebaSi natiur, anu orjaWvian dnm-Tan da mis 

denaturirebul, erTjaWvian (gorglisebur) formasTan. zogierT 

SemTxvevaSi dnm-is ormagi spirali iSleba da gorgliseburi 

xdeba da warmoiqmneba ori gorgali.  

orjaWvian dnm-Si molekulis zedapirze uaryofiTi muxtebis 

simkvrive gacilebiT metia. amas garda, am mdgomareobaSi fuZeebis 
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zogierTi aqtiuri centri molekulis Siga nawilSia 

moTavsebuli da monawileobas iRebs wyalbaduri bmebis 

warmoqmnaSi. amasTan dakavSirebiT natiuri dnm-is fosfatis 

ionebisadmi “naTesaoba” ufro maRalia vidre fuZeebisa, rac 

ganapirobebs sistemis kooperatiulobis Semcirebas, 

SekavSirebuli ionebis Zlieri kulonuri ganzidvis xarjze. 

kompleqsebis Camoyalibebas fuZeebTan ki axasiaTebs molekulis 

struqturis gardaqmniT ganpirobebuli kooperatiulobis zrda. 

es gansxvavebani gansazRvravs agreTve ionebis zemoqmedebas dnm-

is molekulis struqturis stabilurobaze: spiral-gorgalis 

gadasvlis parametrebi damokidebulia xsnarSi ionebis 

koncetraciaze. ionebis mierTeba fosfatur jgufebTan zrdis 

dnm-s stabilurobas, fuZeebTan dakavSireba ki dabla swevs 

spiral-gorgalis gadasvlis temperaturas.  

zogierTi ionis metali, rogoricaa spilenZi, kadmiumi, 

vercxliswyali, mcire koncentraciis drosac ki iwvevs dnm-is 

lokalur dazianebebs, misi formis cvlilebebs da fuZeebis 1800- 

iT Semobrunebas. zogjer metalebis ionebi iwvevs nukleinis 

mJavebis jaWvebSi qimiuri kavSirebis arafermentul gaxleCvebs, 

rac Tavis mxriv qromosomuli aberaciebis, mutaciebisa da 

genetikur aparatSi mimdinare sxva darRvevebis mizezi xdeba [21].   
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1.5. metalebis kompleqsebi porfirinebTan da 

porfirinismagvar nivTierebebTan 

Mmetalis ionebis SekavSirebis erT-erTi mniSvnelovani 

saSualebaa kompleqsebis warmoqmna makrociklur ligandebTan 

_porfirinebTan. cikluri aromatuli SenaerTebis es 

warmomadgenlebi cocxal bunebaSi farTod gavrcelebuli 

pigmentebia, romelTa molekulebis ZiriTad nawils warmoadgens 

porfini _ pirolis oTxi rgolisagan Semdgari struqtura 

(sur.4). 

 

 

sur. 4 porfirini 

bunebrivi porfirinebis radikalebs Ziriadad warmoadgens 

meTilis(СН3), eTilis(C2H5), vinilis (CH=CH) jgufebi da Zmris 

mJavisa (CH2COOH) da propinis (C2H4COOH) mJavis naSTebi.  

biologiuri TvalsazrisiT gansakuTrebiT mniSvnelovania 

porfirinebis kompleqsi rkinasTan (Jangbadis gadamtani sisxlis 
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wiTeli pigmenti) da magniumTan (mcenareebis mwvane pigmenti _ 

qlorofili). metalebTan analogiur komleqsebs warmoqmnis 

citoqromebi, fermentebi _ katalazebi da peroqsidazebi [22].  

porfirini:                 R1=R2=R3=R4=R5=R6=R7=R8=H 

 

protoporfirini:           R1=R3=R5=R8=CH3 

                                                          R2=R4=—CH=CH2 

                                                          R6=R7=C2H4COO H 

 

uroporfirini:                           R1=R3=R5=R8=CH2COOH 

R2=R4= R6=R7=C2H4COOH 

 

porfirinebi erTmaneTisagan gansxvavdeba Camnacvlebeli 

radikalebiT, romlebic molekulis periferiebze arian 

ganlagebuli. metaloporfirinebSi molekulis SigniT 

ganlagebuli wyalbadebi Canacvlebulia metalis ionebiT, 

romlebic koordinaciuli kavSirebiT kidev ori pirolis 

rgolis azotis atomebs ukavSirdeba. porfirinebis 

gansakuTrebuli niSan-Tvisebaa koordinaciuli sibrtyis 

arseboba, romelic azotis atomebiTaa (N4) SemosazRvruli, 

gaaCnia 2Å –is toli radiusi da koordinirebas ukeTebs metalis 

ionebs _ M2+
 M3+ M4+, da kidev ufro maRali JangviTi ricxviT. 

metali an sibrtyis centrSia ganlagebuli da brtyel 
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koordinaciul maryuJs warmoqmnis _ MN2+  an wamoweulia N4 

atomebisagan Semdgari sibrtyidan da gansxvavebuli geometriuli 

formis struqturebs warmoqmnis, rogoricaa tetragonaluri 

piramida, oqtaedri da kidev ufro rTuli geometriuli formebi. 

porfirinebisa da maTi kompleqsebis gansakuTrebuli 

agebuleba da funqciebi, maTi struqturuli mravalferovneba 

ganapirobebs maT mniSvnelovan rols biologiur procesebSi.  

 

1.6. porfirinebis gamoyeneba medicinaSi 

rogorc cnobilia, onkologiuri daavadebebi Zlier 

mravalferovania da ujredis cxovelmoqmedebis Zireul 

meqanizmebTanaa dakavSirebuli. dResdReobiT dadgenilia, rom 

avTvisebiani simsivne erTi mutaciuri ujrediT iwyeba. diagnozis 

dadgenis momentSi ki simsivnur warmonaqmnSi paTologiuri 

ujredebis raodenoba daaxloebiT 1000-mde aRwevs. amave dros 

masSi ujredebis naxevarze meti normaluria. amis gamo simsivnis 

mkurnalobisas sasurvelia SeirCes meTodebi, romelic 

seleqciurad gaanadgurebs paTologiur ujredebs. samwuxarod, 

farTod gamoyenebul meTodebs, rogorebicaa radioizotopuri 

mkurnaloba, qimioTerapia, operaciebi lazerebiT da sxv. ar 

gaaCnia aseTi seleqciuroba. 
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aqedan gamomdinare saWiro gaxda efeqturi meTodebis Zieba, 

romelTa Soris mniSvnelovani adgili daimkvidra simsivnis 

fotodinamiurma Terapiam. jer kidev wina saukunis dasawyisSi 

aRmoCenili iyo, rom simsivnur ujredebs gaaCnia mniSvnelovani 

Tviseba _ maT SeuZliaT seleqciurad daagrovon pigmenturi 

nivTierebani _ organizmSi arsebuli, endogenuri da garedan 

Seyvanili, egzogenuri porfirinebi. gaCnda idea am ubnebze 

emoqmedaT gansazRvruli sigrZis sinaTlis sxiviT, ise rom ar 

daezianebiaT garSemomyofi normaluri ujredebi. Eam ideis 

realizeba moxda 1978 wels, profesor T. dogertis mier, romlis 

pirvelive cdebi warmatebiT damTavrda: 25 pacienti 

gamojanmrTelda [23]. SemdgomSi am meTodiT bevri mecnieri 

daintersda da dResdReobiT igi sakmaod daixvewa.   

fotodinamiuri Terapia oTx etaps moicavs. pirvel etapze 

pacientis organizmSi SehyavT sensibilizatoris xsnari. meore 

etapi ramodenime dRes moicavs, romlis ganmavlobaSi simsivnur 

warmonaqmnSi sensibilizatoris dagroveba xdeba. amis Semdeg 

xdeba dazianebuli adgilis dasxiveba 15-20 wT-is ganmavlobaSi. 

sinaTlis wyarod gamoiyeneba lazeris sxivebi, romlis talRis 

sigrZea 632,8 nm (wiTeli sinaTle). lazeris dasxivebis wyarod 

gamoyenebis mizezi iyo is faqti, rom TviT porfirinebs 

axasiaTebs wiTeli gamosxiveba. amas garda es sxivebi naklebad 

sazianoa normaluri ujredebisaTvis. dasxivebis Semdeg 
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sensibilizatoris Semcvel simsivnur ubnebSi adgili aqvs 

fotoqimiur gardaqmnebs, ris Sedegadac simsivnuri ujredebi 

iRupeba. maT garSemo myofi normaluri ujredebi ki ar ziandeba. 

meoTxe etapi iTvaliswinebs simisvnuri warmonaqmnis daSlas [24]. 

sensibilizatoris transporti ujredSi sisxlis sxvadasxva 

komponentebis xarjze xdeba, romelTa Soris mniSvnelovania 

lipidebis kompleqsi cilebTan, rogoric aris dabali simkvrivis 

mqone lipoproteidebi. fluorescentuli mikroskopiis 

saSualebiT naCvenebi iyo, rom sensibilizatori Tavdapirvelad 

adsorbirebs ujredis gare membranaze, Semdeg ki aRwevs ujredis 

SigniT da misi organoidebis membranebs ebmeba. dasxivebis 

Sedegad ujredSi iwyeba fotoqimiuri procesebi, romelsac 

safuZvlad ori tipis meqanizmi udevs. pirveli tipis reaqciebi 

moicavs procesebs, romlis mimdinareobisas sensibilizatoris 

aqtiuri forma uSualod urTierTqmedebs substratis 

molekulasTan. saerTo meqanizmi warmodgenilia reaqciebiT (a) _ 

(g): 

a)  C + hn *C 

b)  *C + RH JCH + RJ 

g)    JCH +O2 C + RJ + O2  
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pirvel etapze (a) sensibilizatoris molekula _ С sinaTlis 

saSualebiT gadadis agznebul mdgomareobaSi _*C, romelic 

ujredis substratTan urTierTqmedebisas or radikals iZleva 

(b). sensibilizatoris hidrirebuli forma (b) haeris JangbadiT 

iJangeba sawyis struqturamde.  substratis radikals _ RJ-s 

SeuZlia daJangos sxva substratebi an miierTos Jangbadi da 

warmoqmnas radikalebi zeJangis formiT (g).  

meore meqanizmis mixedviT sensibilizatoris agznebuli 

molekula urTierTqmedebaSi Sedis JangbadTan, ris Sedegadac 

miiReba Jangbadis aqtiuri singleturi forma 1О2. igi *C 

formasTan SedarebiT ufro moZravia da ufro aqtiurad Jangavs 

ujredSiga elementebs. fotodinamiuri meTodis gamoyenebisas 

ZiriTadad momdinareobs reaqciebis meore tipi [24].  

fdT-is ganviTareba mWidrodaa dakavSirebuli porfirinebis 

safuZvelze Seqmnil sensibilizatorebTan. maTi mravalferovani 

warmomadgenlebidan yvelaze perspeqtiuli aRmoCnda 

hematoporfirini IX, romlis safuZvelzec lipsonma da misma 

TanamSromlebma 1961 wels Seqmnes e.w. “hematoporfirinis 

warmoebuli” [25] da romelic dogertma Tavis pirvel 

eqsperimentebSi gamoiyena. mas dResac farTo gamoyeneba aqvs. 

naCvenebia, rom lipsonis mier miRebuli porfirini Sedgeba 

monomeruli porfirinebisgan, dimerebisa da maRalmolekuluri 
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oligomerebisagan. SeiZleba vivaraudoT, rom oligomerebi 

ujredSi moxvedrisas monomerebad iSleba, ramac fdT-is 

gamoyenebisas SeiZleba gamoiwios fluorescenciis momateba 

simsivnur warmonaqmnSi. aqedan gamomdinare SegviZlia davaskvnaT, 

rom oligomerebi asrulebs monomeruli porfirinebis 

gadamtanebis rols ujredSi [26]. mogvianebiTHhematoporfirinebis 

safuZvelze Seiqmna gaumjobesebuli preparatebi _ fotofrini 2 

da fotogemi.   

fdT-is ganviTarebisa da sensibilizatorebis qimiuri 

bunebisa da moqmedebebis meqnizmis ukeT Sewavlis Sedegad 

warmoiSva maTi Semdgomi daxvewis aucilebloba. Seiqmna meore 

Taobis preparati, romelic gacilebiT efeqturia da 

akmayofilebs mkurnalobisaTvis aucilebel ZiriTad moTxovnebs: 

1) mas unda hqondes kibos ujredebisadmi maRali seleqciuroba 

da ar unda azianebdes normalur ujredebis; 2) unda iyos 

naklebad toksikuri. 3) ar unda grovdebodes kanis ujredebSi 

didi raodenobiT. 4) unda gaaCndes maRali luminenscencia kibos 

diagnostikis sizustisaTvis. 5) hqondes maRali kvanturi 

gamosavali aranaklebi energiiT vidre 94kj/mol. 6) unda gaaCndes 

STanTqmis intensiuri maqsimumi 600_900 nm-is diapazonSi.   
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am monacemebis gaTvaliswinebiT  porfirinebis safuZvelze 

warmatebiT Seiqmna sinTezuri sensibilizatorebi _ di- da 

tetrahidroporfirinebi [27-28].  

ingliselma mecnierma benetmaPSeqmna axali tipis 

sensibilizatori _ tetrahidroqsifenilqlorini, romelic 

efeqturad generirebs singletur Jangbads, gaaCnia intensiuri 

maqsimumi 650-735nm-ze da dabali fototoqsiuroba [29].   

tetraazoporfirinebs mezo-naxSirbadovani  xidakebis 

magivrad gaaCnia azotis oTxi atomi. am naerTebidan yvelaze 

ukeT Seswavlilia flatocianinebi da naftalocianinebi.  

flatocianinebs gaaCnia makrociklTan dakavSirebuli oTxi 

benzolis rgoli da STanTqmis maqsimumi 670nm-ze. cnobilia 

flatocianinebis sxvadasxva warmomadgeneli, romelsac 

makrociklSi gaaCnia gansxvavebuli Camnacvleblebi (R) metalis 

ionebi. maT Soris SedarebiT maRal biologiur  aqtivobas iCens 

kompleqsebi cinkTan, aluminTan da siliciumTan [30].  

gansakuTrebiT saintereso Sedegebia miRebuli TuTiis 

SenaerTTan. mas gaaCnia oTxi hidroqsilis jgufi (13, М = Zn, R = 

OH) da qolesterini, rogorc centraluri metalis ligandi. 

gansazRvruli sirTuleebi, romelic warmoiSva 

flatocianinebTan muSaobisas dakavSirebuli iyo maT maRal 
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hidrofoburobasTan. xsnadobis gasaumjobeseblad iReben 

flatocianinebis sulfinirebul metalokompleqsebs (13, R = SO3H, 

М = Аl ). dadgenilia, rom sulfinirebis xarisxi Zlier moqmdebs 

preparatis biologiur aqtivobaze. Fflatocianis aluminTan 

kopmleqsebSi aqtiuroba izrdeba makrociklSi sulfojgufebis 

raodenobis   momatebiT   _   AlfcS4, AlfcS3,  AlfcS2, sadac S 2 _ S 4 

sulfojgufebis raodenobas aRniSnavs [31]. 

naftalocianinebs gaaCnia STanTqmis maqsimumi 750-780nm-ze, 

mdgradi tripleturi mdgomareoba da singleturi Jangbadis 

efeqturi generirebis unari. am nivTierebis erT-erTi dadebiTi 

mxarea is, rom masTan muSaobisas gamoiyeneba SedarebiT iafi da 

kompaqturi dioduri lazerebi.  

axali tipis sensibilizatorebis Ziebisas Seiqmna 

porfirinebis analogebi, romelTac piroluri rgolebis 

dakavSirebis gansxvavebuli stili gaaCnia. maTSi mezo-xidakebi 

Secvlilia sami naxSirbadis atomisagan Semdgari jaWvisagan, ris 

Sedegadac STanTqmis maqsimumi wanacvlebulia 783 nm-mde. meores 

mxriv, am SemTxvevaSi dabali aRmoCnda singleturi Jangbadis 

gamosavali. porfirinis makrociklis Semdgomma gazrdam 

naxSirbadis xuT atomamde da sami ormagi kavSiris warmoqmnamde 

gamoiwvia STanTqmis maqsimumis wanacvleba 997nm-mde, magram amave 
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dros SenaerTma saerTod dakarga singleturi Jangbadis 

warmoqmnis unari. 

porfirinebTan ufro didi msgavseba gaaCnia porficenebs. 

speqtraluri TvisebebiT isini sensibilizatorebis pirveli da 

meore Taobis Soris aris moqceuli. STanTqmis maqsimumi gaaCniaT 

630-630nm-ze da misi intensivoba 15-jer aRemateba analogiuri 

ubnis intensivibas porfirinebSi. porficenebisTvis 

damaxasiaTebelia simsivnur warmonaqmnSi efeqturad dagrovebis 

unari da dabali fototoqsiuroba [32].  

Aaxlo momavalSi fdT SeiZleba Seicvalos kidev ufro 

gaumjobesebuli meTodiT _ mizanmimarTuli fotodinamiuri 

TerapiiT. am meTodis saSualebiT SesaZlebeli gaxdeba 

sensibilizatoris zusti, mizanmimarTuli transportireba 

daniSnulebis adgilze. am miznisaTvis gamoiyeneba monoklonuri 

antisxulebi, lipoproteidebi, cilebi da sxva gadamtanebi. am 

dros gamoyenebuli sensibilizatoris raodenoba mniSvnelovnad 

daiklebs. Mmiuxedavad am axali meTodis didi upiratesobisa misi 

gamoyeneba klinikaSi jer-jerobiT SeuZlebelia meTodis 

realizaciasTan dakavSirebuli gansazRvruli siZneleebis gamo. 

dabolos, gvinda aRvniSnoT, rom miuxedavad imisa rom fdT-

is meTodi mxolod 15 welia arsebobs, Catarebulia udidesi 

moculobis klinikuri samuSaoebi da aTasobiT adamianma 
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warmatebiT gaiaraa es kursi. intensiuri progresi am 

mimarTulebiT ki metyvelebs am meTodisadmi dRiTi dRe mzard 

interesze.  

 

1.7. qromatinis struqtura da fiziko-qimiuri Tvisebebi 

 

Arogorc cnobilia, adamianis TiToeul ujredSi arsebuli 

qromosomuli dnm-is saerTo sigrZea 2 metri. magram amave dros 

igi maqsimalurad mWidrodaa moTavsebuli birTvSi da misi 

kompaqtizaciis xarisxi  104 –is tolia.  

dnm-is molekula warmoadgens 2nm-iani diametris mqone 

marcxnivdaxveul spirals, romelic Tavis mxriv daxveulia 11 nm-

is diametris mqone nukleosomaze (sur.5). rentgenostruqturuli 

analizis saSualebiT, romelic gvaZlevs monacemebs kristalSi 

atomebis sivrcobriv ganlagebaze, dadginda, rom nukleosomis 

SemadgenlobaSi arsebuli dnm-is ormagi spiralis konformacia B 

formis dnm-s warmoadgens [33].  

dnm-is monakveTs, romelic erT nukleosomaSi mdebareobs 

nukleosomur ganmeorebas uwodeben. es sidide warmoadgens 

mocemuli tipis qromosomis maxasiTebels. nukleosoma Sedgeba 

oTxi tipis cilisagan – histonebisagan da maT Soris 

ganlagebulia linkeruli histoni, romelic ar Sedis 

nukleosomis SemadgenlobaSi [34]. Tavis mxriv nukleosomebic 
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ganicdis kompaqtizacias da lagdeba ufro mWidro _ 30nm-is 

diametris mqone struqturebad. kompaqtizaciis saboloo donea 

metafazuri qromatini, romelSic kompaqtizaciis xarisxi 10 000-

ia [35].  

90-iani wlebis bolos T. riCmondis laboratoriaSi miiRes 

maRali garCevadobis nukleosomis struqturuli gamosaxuleba 

da amis safuZvelze Seiqmna im meqanizmebis dadgenis saSualeba, 

romelic ganapirobebs nukleosomebis gavlenas dnm-is 

kompaqtizaciaze da genebis aqtivobis regulaciaze [36].     

dReisaTvis nukleosomis koris (birTvis) struqtura 

kargadaa Seswavlili eleqtronuli mikroskopis, 

rentgenostruqturuli analizisa da birTvul-magnituri 

rezonansis saSualebiT [37]. SemoTavazebulia nukleosomebis 

kompaqtizaciis ramodenime modeli: 

1. solenoidis modeli: marcxnivdaxveuli jaWvi, romlis 

erT xveulze eqvsi nukleosomaa ganlagebuli.  H1 

histoni 30nm-iani struqturis SigniTaa moTavsebuli.   

2. superspiralis modeli: solenoidis msgavsia, magram H1 

histoni lokalizebulia periferiaze an nukleosomebs 

Soris spiralis mTel sigrZeze. 
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3. kros-linkeruli struqtura: 10 nm-iani filamentebi 

ixveva zigzagiseburad, romlis gaswvriv ganlagebulia 

linkeruli monakveTebi. 

4. zonariseburi modeli: 10nm-iani zonaris formis 

superspirali. 

nukleosomebi Sedgeba histonebis oTxi wyvilisagan, 

romlebic mis birTvs _ kors _ warmoqmnis. masSi moTavsebulia  

liziniT mdidari H2A-H2B da argininiT mdidari H3 - H4 

oqtamerebis or-ori wyvili. nukleosomis garSemo dnm akeTebs 

1.75 bruns da TiToeul am monakveTSi mas 146 bazisuri wyvili 

gaaCnia. amas garda nukleosomis organizebaSi monawileobas 

iRebs H1 histoni, romelic dakavSirebuli aris linkerul dnm-

Tan [38].  

fuZe cilebi – histonebi ganapirobebs nukleosomis 

struqturaSi dnm-is kompaqturad Calagebas da histon – dnm-is 

urTierTdamakavSirebel Zalebs eleqtrostatikuri xasiaTi 

gaaCnia. dnm-is SemadgenlobaSi Semavali uaryofiTad damuxtuli 

fosfaturi jgufebi urTierTqmedebaSi Sedis rogorc koris 

histonebis, aseve H1 histonis lizinisa da argininis  dadebiTad 

damuxtul aminomJavur naSTebTan. aqedan gamomdinare qromatinis 

dnm-is fosfatebis 40-60% dafarulia histonuri cilebiT [39].  
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sur. 5 nukleosoma 
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uaxlesi monacemebis safuZvelze dadginda, rom adamians 

gaaCnia Н2А histonis minimum xuTi varianti. maT Soris yvelaze 

kargadaa Seswavlili H2AZ. es Zlier konservatiuli histonia da 

aRmoCenilia yvela eukariotSi _ safuarebidan adamianamde. mas 

gaaCnia CvenTvis cnobili Н2А histonisagan gansxvavebuli 

aminomJavuri Tanmimdevroba im domenSi, romelic ganapirobebs 

Н2А-Н2В dimeris urTierTqmedebas Н3-Н4 tetramerTan da agreTve 

Secvlilia misi polipeptiduri jaWvis N-bolo, ris gamoc 

jamuri muxti Н2А-s boloze gansxvavdeba Н2АZ bolos jamuri 

muxtisagan. aqedan gamomdinare icvleba Z-variantis Semcveli 

nukleosomis zedapiris Tvisebebi, irRveva qromatinis 

kondensaciis xarisxi. igi gadadis naklebad kondensirebul 

mdgomareobaSi, rac aucilebelia genebis aqtivaciisaTvis. 

aRmoCnda, rom Z-variantis gareSe ujredi iRupeba, radgan 

Sesabamisi genis mutacia letalur Sedegs iwvevs [40].  

mirzabekovisa da Tanaavtorebis mier dadginda koris da 

agreTve mTel nukleosomur  dnm-Tan histonebis lizinis 

naSTebis kontaqtis adgili [41,42].  

naSromSi [41] mocemulia nukleosomuri koris pirveladi 

organizacia, romelsac axasiaTebs dnm-is jaWvis gaswvriv 

histonebis regularuli ganlageba. histonebi lizinis naSTebiT 

ukavSirdeba dnm-is diskretul ubnebs, romelTa sirZea ∼ 6 
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nukleotidi da romlebic erTmaneTisagan gamoyofilia dnm-s 

histonebisagan Tavisufali 4-nukleotidiani segmentebiT. dnm-is 

orive jaWvze histonebi ganlagebulia simetriulad.  

nukleosomuri koris saerTo morfologia warmoadgens 11nm-

is diametris, 5,7nm simaRlis brtyel disks, romlis  zedapiris 

garSemo dnm daxveulia 1,75-jer [43]. nukleosomur korSi 

histonuri cilebis zusti ganlageba da ormagi spiralis mis 

garSemo daxvevis xasiaTi detalurad aRwerilia naSromebSi 

[35,41].  

liziniT mdidari H1 da H5 histonebi lokalizebulia 

mxolod nukleosomis koris zedapirze da erTmaneTs 

ukavSirdeba linkeruli dnm-iT. naCvenebia, rom H1 histoni 

ukavSirdeba dnm-s nukleosomaSi misi Sesvlisa da gamosvlis 

adgilas, riTac TiTqosda ketavs nukleosomas da mniSvnelovnad 

ganapirobebs qromatinis in vitro mdgomareobas.   

Kkoruli histonebis domenuri struqtura Semdegnairia:  

arastruqturirebuli C-bolo, centraluri globularuli 

nawili, dadebiTad damuxtuli N-bolo. N-boloze daaxloebiT 

yoveli meoTxe naSTi _ lizini an arginini. maTTan 

urTierTqmedebisas uaryofiTad damuxtuli dnm nukleosomaze 

fiqsirdeba. arsebobs acetilirebuli, meTilirebuli da adf-

ribozilirebuli histonebi. 
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qromatini dnm-isa da cilebis daaxloebiT erTnairi 

masisagan Sedgeba. cilebis daaxloebiT naxevars arahistonuri 

cilebi Seadgens, mag. HMG (High Mobility Group)- cilebi, romelTa 

konkretuli funqcia jer-jerobiT ucnobia. 

pirvelad qromatinis siTburi denaturaciis procesi 

Seswavlili iyo naSromSi _ [44]. naCvenebi iyo, rom denaturaciis 

procesi or safexurad mimdinareobs. pirveli stadia 

mimdinareobs temperaturul intevalSi _  68-750C,  maqsimumiT Td = 

69.50C; meore stadia _ 78-920C, Td = 840C. (denaturaciis 

temperaturad miCneulia is temperatura, romlis drosac 

hiperqromuli efeqti 50%-s aRwevs) [45].  

gamoiTqva mosazreba, rom dnm-is is nawili, romelic 

ganicdis denaturacias temperaturul intervalSi - 78-920C, 

mTlianadaa dakavSirebuli histonebTan da ar aqvs unari 

monawileoba miiRos in vivo transkipciaSi. dnm-is meore nawili, 

romelic ganicdis denaturacias SedarebiT dabal 

temperaturaze - Td = 69.50C, ionur mdgomareobaSia da SeuZlia 

monawileoba miiRos rnm-is sinTezSi.  

fulmerma da fasmanma [46] gamoikvlies qaTmis 

maRalmolekuluri qromatini, sustad damuSavebuli mikrokokuri 

nukleaziT,  (natiuri qromatini) da qromatini, romelsac ar 

gaaCnda arahistonuri cilebi da liziniT gamdidrebuli H1, H5 

histonebi (kor-qromatini) mcire ionuri Zalis mqone 0.25 µ M Na-



 44   

EDTA –s xsnarSi. Sedegebma mogvces damatebiTi informacia dnm-is 

kompaqtizaciaze qromatinSi, romelic ganpirobebuli iyo 

liziniT mdidari histonebisa da kor-nawilakebis 

urTierTqmedebiT.  

sur.6-ze moyvanilia fosfatis buferis sxvadasxva 

koncentraciis pirobebSi xbos qromatinis siTburi denaturaciis 

mrudebi (dh/dT).  

hiperqromuli efeqtis mrudebis analizma (sur.7) gviCvena, 

rom mTliani qromatinis gadasvlis II safexuri moicavs 

nukleosomaTaSorisi dnm-is dnobas, romelic dneba koris 

qromatinis I safexurze, III safexuri ki moicavs koris nawilis 

dnm-is 140 f.w.-is dnobas, anu dnm-s im nawilis dnobas, romelic 

koris qromatinSi dneba I da II safexurze. 

miRebuli Sedegebi naTlad aCvenebs, rom mTlian 

qromatinSi praqtikulad ar aris Tavisufali dnm. is 

yovelTvis histonebis moqmedebis qveSaa da mTliani 

qromatinis denaturaciis procesi mimdinareobs ufro 

kooperatiulad, vidre koris qromatinis SemTxvevaSi. koris 

qromatinTan SedarebiT mTliani qromatinis kooperatiulobisa 

da Termostabilurobis momateba ganpirobebulia mTlian 

qromatinSi liziniT gamdidrebuli H1, H5 histonebis 

arsebobiT.   
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sur. 6 

xbos qromatinis siTburi denaturaciis (dh/dT) mrudebi: a – Na-
fosfatis gareSe; b – Na-fosfatis damatebiT– 1.0⋅10-3mol; g _ 2.0⋅10-3 
mol; d _ 3.0⋅10-3 mol; e _ 4.0⋅10-3 mol;  v _ 5.0⋅10-3 mol;  z _ 6.0⋅10-3 mol; 
xsnarebi Seicavs  0.25⋅10-3 mol Na 2 EDTA, pH 7.0. 
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sur. 7 

mTliani qromatinis siTburi denaturaciis (dh/dT) mrudebi: a – Na-
fosfatis gareSe; b – Na-fosfatis damatebiT– 1.0⋅10-3mol; g _ 2.0⋅10-3 
mol; d _ 3.0⋅10-3 mol; e _ 4.0⋅10-3 mol; xsnarebi Seicavs  0.25⋅10-3 mol Na2 

EDTA, pH 7.0. 
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sur. 8. qsovilebis (1), ujredebis (2), birTvebis (3) da C3HA xazis 
Tagvebis RviZlis qromatinis (4) siTbos STanTqmis mrudebi. (pH 7.6, 0.2 
mol saqaroza, 10 m.mol Tris, 1 m.mol MgCl2). 
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amrigad, qromatinis miRebis pirobebi mniSvnelovnad 

ganapirobebs denaturaciis mrudis formas. marTlac, dnm-is 

giganturi zomebisa da misi qromatinSi rTuli kompaqtizaciis  

gamo, dauzianebeli qromatinis miReba did sirTules 

warmoadgens. j. monaseliZem da sxv. mikrokalorimetriuli 

gazomvebis Catarebis safuZvelze aRweres eukariotebis 

ujredebSi Semavali natiuri qromatinis dnobis procesi [47].  

sur.8-ze moyvanilia C3HA Tagvebis RviZlis qsovilis, 

birTvebis, ujredebisa da Tavisufali qromatinis siTbos 

STanTqmis mrudebi. suraTze naTlad Cans, rom ujredebis 

birTvebSi Semavali qromatinuli kompleqsis Tavisufali 

qromatinis denaturacia mimdinareobs or safexurad. 

temperaturul intervalSi 60-920C, gadasvlis parametrebiT Td = 

680C, ∆Td = 5.0 0C, Qd = 48j/gr dnm; Td = 780C, Td = 6.20C, Td = 52.8j/gr dnm. 

ujredisa da qsovilebis SemadgenlobaSi ki es procesi 

mimdinareobs erTsafexurad da Semdegi parametrebiT xasiaTdeba: 

Td = 82±10C, ∆Td = 7±10C, Qd = 96±12j/gr dnm. ujredebis, birTvebis da 

agreTve Tavisufal mdgomareobaSi myof qromatinTan SedarebiT 

qsovilis qromatinis Td –s wanacvleba maRali temperaturebisaken 

gamowveulia im faqtiT, rom pirvelad CamoTvlili qromatinebi 

ar aris suspenzirebulebi buferul xsnarebSi. Zlier 

mniSvnelovania is, rom ujredis qromatinis denaturacia, 

gansxvavebiT birTvisa da Tavisufali qromatinisagan 
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mimdinareobs erTsafexurebrivad. rac miuTiTebs qromatinuli 

kompleqsis daSlaze misi gamoyofis procesSi. 

 

 
 

1.8. toluoli, misi metabolizmi da moqmedebis 

meqanizmebi 

 

qsenobiotiki toluoli farTod aris gavrcelebuli 

garemoSi. igi bunebrivad didi raodenobiT moipoveba gadamu 

Savebul navTobSi, saidanac misi miRebis Semdeg gamoiyeneba iseT 

samomxmareblo produqciis warmoebaSi, rogoric aris saRebavebi 

da maTi gamxsnelebi, sxvadasxva saxis laqebi, adheziuri 

nivTierebebi. igi moixmareba sawvavis oqtanobis gasZliereblad 

da rogorc gamxsneli gamoiyeneba qimiuri reaqtivebis, 

farmacevtuli produqtebis, rezinis, kauCukis, plastmasis 

boTlebis, kosmetikuri saSualebebis, tyavis, sadezinfeqcio 

saSualebebis, fenolisa da trinitrotoluolis (toli, 

trotili) warmoebaSi. 

toluoli amave dros aRiarebuli polutantia. igi didi 

raodenobiT gamoiyofa atmosferoSi msubuqi sawvavis (benzini, 

navTi) an toluolis Semcveli gamxsnelebis aorTqlebisa da 

transportis gamonabilqviT haeris dabinZurebis dros. igi 

agreTve xvdeba niadagSi da gamdinare wylebSi sawvavisa da 
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zeTebis transportirebis da miwisqveSa konteinerebidan gaJonvis 

Sedegad da garemos mniSvnelovan dabinZurebas iwvevs. aSS-s 

garemos dacvis saagentos (Enviromental Protection Agency-EPA) 

monacemebis mixedviT wyalSi toluolis dasaSvebi zRvruli 

koncentracia 1mg/l Seadgens, xolo 1987-1993 wlebSi niadagisa da 

wylis dabinZurebis done mxolos benzinis warmoebidan 

mniSvnelovnad aRemateboda dasaSveb normas.  

aSS-s samoqalaqo usafrTxoebisa da janmrTelobis 

administraciam (The Occupational Safety and Health Administration -OSHA) 

gansazRvra toluolis misaRebi done warmoebebSi. 100 ppm (part per 

million) ganixileba rogorc usafrTxo doza iq momuSave 

adamianebisaTvis. 150 ppm misaRebia xanmokle periodisaTvis (< 

8sT), 2000 ppm da masze meti saSiSia janmrTelobisa da 

sicocxlisaTvis. toluolis damazianebeli efeqti 

damokidebulia mis koncentraciaze, intoqsikaciis 

xangrZlivobaze. aSS-s garemos dacvis departamentis (Department of 

Environmental Protection) proeqtis – Breathing Easier Through Air Monitoring 

(BEAM) _ is, aSS-s garemos dacvis saagentos (Enviromental Protection 

Agency-EPA) –s, aSS-s samoqalaqo usafrTxoebisa da  

janmrTelobis administraciis (The Occupational Safety and Health 

Administration –OSHA)–sa da toksikuri nivTierebebisa da 

daavadebebis registraciis saagentos (Agency of Toxic Substancies and 

Desease Registration) 2001 wlis monacemebis mixedviT, toluoliT 
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mwvave intoqsikacia (< 14 dRe) pirvel rigSi zegavlenas axdens 

centralur nervul sistemaze (cns) da iwvevs sxvadasxva 

paTologias – depresias, halucinaciebs, krunCxvebsa da 

neiropaTiebs. adamianebs, romlebic 5 wlis manZilze 

imyofebodnen toluolis gavlenis qveS maTi SromiTi saqmianobis 

gamo, aReniSnebodaT Sizofreniuli fsiqozi [48]. 31 wlis qals, 

romelic 14 wlis manZilze ganicdida dabali koncenraciis 

toluolis zegavlenas, aReniSneboda progresuli ataqsia da 

nevrasTeniuli simptomebi [49]. toluolis samrewvelo doza 

zegavlenas axdens agreTve acetilqolinisa da gaem-is 

transmisiaze da maT inhibirebas iwvevs [50].  

garda imisa, rom toluoli warmoadgens aRiarebul 

polutants, igi farTod moixmareba sxva aqrolad organul 

gamxsnelebTan erTad mynosveli toqsikomanebis mier 

narkologiuri Trobis misaRwevad. statistikuri monacemebis 

mixedviT am nivTierebebis aradaniSnulebiT moxmarebas 

gansakuTrebiT farTo xasiaTi aqvs ganviTarebad qveynebSi da maT 

mTavar momxmareblebs mozardebi warmoadgenen [51]. amis mTavari 

mizezebia toluolis gansakuTrebuli efeqti centralur nervul 

sistemaze, rac inhalaciisTanave miiRweva da misi Semcveloba 

samomxmareblo produqciaSi, romlis mopoveba advilia da iafi. 

toqsikomanebis mier toluolis SesunTqvis dros misi 

koncentracia aRwevs 10000 ppm-s an mets [52].  
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qsenobiotiki toluoli (meTilbenzini, fenilmeTani) aris 

aromatuli naxSirwyalbadi, (C6H5CH3, molekuluri masa _ 92,06; 

simkvrive _ 0.867g/sm3; lRobis temperatura _ -950C; duRilis _ 

1110C. wyalSi ar ixsneba, spritSi Znelad ixsneba, eTerSi xsnadia) 

romelic oTaxis temperaturaze ufero, motkbo sunis mqone, 

aqroladi siTxea.   

 

 sur. 9. toluolis molekulis agebuleba 

 

adamianebSi toluolis toqsikokinetikis Seswavlas mravali 

kvleva mieZRvna [53] da amJamad dadgenilia, rom organizmSi 

moxvedrili toluolis metabolizmi or fazad mimdinareobs. es 

procesebi RviZlis ujredebis gluv endoplazmur badeSi xdeba. I 

fazis mTavar reaqcias hidroqsilireba warmoadgens. 

hidroqsilirebiT lipofiluri naerTebi ufro polarul, 

hidrofilur naerTebad gardaiqmnebian. es reaqcia katalizdeba 

fermentTa jgufiT, romlebsac monooqsigenazebad an P450 

citoqromebad moixsenieben. toluolis meTilis jgufis 

daJangvis Sedegad warmoiqmneba benzonis mJava. am gardaqmnis 

Sualeduri produqtebia benzilis spirti da aldehidi. garda 
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amisa, toluolis daJangva SeiZleba moxdes aromatuli bolos 

mxridan krezolebis warmoqmniT (meTiloqsibenzolebi, 

metilfenolebi _ CH3C6H4OH).  

miRebuli metabolitebi detoqsikaciis II etapze ganicdis 

koniugacias, ris Sedegadac isini ufro wyalSi xsnadi xdeba da 

organizmidan advilad gamoidevneba. benzonis mJavis glicinTan 

koniugaciiT warmoiqmneba hipuris mJava. misi mcire raodenoba 

SeiZleba SeuerTdes glukuronis mJavas da organizmidan 

gamoiyos benzoilglukuronis mJavis saxiT. metabolizmis 

saboloo produqtebi organizmidan gamoiyofa ZiriTadad 

Tirkmelebis saSualebiT. mcire raodenobis sufTa saxis 

toluoli gamoiyofa filtvebiT. dadgenilia, rom adamianebs, 

romlebic warmoebebSi toluolis zemoqmedebis qveS imyofebian, 

SardiT gamoeyofaT ZiriTadad hipuris mjava da krezolebi [54-

55].  

 

1.9. toluolis zegavlena membranuli struqturebis, 

cilebis, cximebisa da qromatinis stabilurobaze. 

 

literaturaSi arsebuli monacenemebis mixedviT toluoli 

xasiaTdeba lipofiluri TvisebebiT da azianebs ujredis 

membranebs, cvlis cilebis, cximebisa da qromatinis 

stabilurobas. ase magaliTad, toqsikomanebSi magnitur-
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rezonansuri speqtroskopiiT naCvenebia bazalur gangliebSi 

qolin/kreatinini + fosfokreatininis, rogorc membranebis 

metabolizmis markeris mniSvnelovani zrda, rac membranebis 

dazianebis maCvenebelia [56].  

        

sur. 10. toluolis gavlena Tavis tvinize 

 

sur. 10-ze naCvenebia janmrTeli adamianisa (A) da toluolis 

momxmareblis Tavis tvini (B), romlis moculoba Semcirebulia, 

carieli (Savad Seferili) sivrce ki momatebuli. (tvinis 

qsovilis garSemo gareTa TeTri wre Tavis qalaa). 

virTagvebis Tavis tvinSi toluolis zemoqmedebis Sedegad 

aRiniSneba membranebis lipiduri Semadgenlobis cvlileba [57], 

wina tvinSi membranuli proteinebis fosforilirebis zrda, 



 55   

poliujeri cximovani mJavebis Tanafardobis darRveva da 

fosfolipidebis meTilaciis inhibireba [58].  

toqsikoman mozardebSi oqsidaciuri dazianebisa da 

lipidebis peroqsidaciis markerebis Seswavlam gamoavlina, rom 

aqroladi nivTierebebis qronikuli inhalacia cvlis 

antioqsidanti enzimebis, maT Soris superoqsiddismutazisa da 

glutaTionperoqsidazis raodenobas da zrdis lipidebis 

peroqsidacias mozardebSi [59]. miRebuli Sedegebis mixedviT 

mynosvelebSi eriTrocitaluri superoqsiddismutazas aqtivoba 

da eritrocitebSi da plazmaSi malondialdehidis done 

SesamCnevad maRali iyo, xolo glutaTionperoqsidazis aqtivoba 

SesamCnevad dabali, vidre sakontrolo jgufis bavSvebSi. M 

mkvlevarebis mier Seswavlili iqna toluoliT 

intoqsikaciis pirobebSi membranebis Tvisebebi virTagvebis Tavis 

tvinis Reros medialuri vestibuluri birTvis neironebis 

magaliTze in vitro anaTlebze. gamovlinda toluolis zemoqmedebis 

inhibitoruli efeqti, romelic gamyarda sinafsuri transmisiis 

blokadis Semdeg. dadginda, rom toluoli iwvevs 

hiperpolarizacias, romelic asocirdeba membranebis gamtarobis 

zrdasTan. miRebuli Sedegebi gviCvenebs, rom toluoli xels 

uSlis ujredis membranis specifiuri ionuri arxebisa da 

receptorebis regulacias [60]. 
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virTagvebis Tavis tvinis sinaptosomur kompleqsze 

toluolis zemoqmedeba zrdis membranebis gamtarobas da 

intracelularuli Ca2+
–is dones. miRebuli efeqti ferxdeba 

gangliozid GM1-iT [61]. 

Seswavlili iqna toluolis zemoqmedebis efeqti virTagvebis 

Tavis tvinSi serotoninsa (5-HT), Na+ – K+ atf-azasa da lipidebis 

peroqsidaciaze. 200 gramian virTagvebSi intraperitonalurad 

Seyvanili iqna toluoli 35mg/kg-ze. miRebuli Sedegebis Tanaxmad 

sacdel cxovelebSi mniSvnelovnad gaizarda (5-HT), Na+ – K+
, atf-

azis Semcveloba da lipidebis peroqsidacia. Aam monacemebze 

dayrdnobiT mkvlevarebi askvnian, rom toluoli iwvevs 

lipidebis peroqsidaciis zrdas, rac xels uwyobs membranebis 

gamtarobis momatebas [62]. 

cxoveluri ujredebis kulturaSi toluolis Seyvana iwvevs 

birTvSi heteroqromatinis kondensacias, ribosomebis dakargvas 

da organelebis degradacias. aRniSnuli cvlilebebi Seuqcevadia 

da ganapirobebs ujredebis sikvdils [63]. 

toluoliT intoqsikaciis Semdeg warmoqmnili Tavisufali 

radikalebi urTierTqmedebs cilebTan, cximebTan, 

glikoproteinebTan, iwvevs dnm-is spiralebis gaxleCvas [64] da 

maT oqsidaciur dazianebas [65].  

amrigad, zemoTmoyvanili Sedegebi adasturebs Sexedulebas, 

rom toluolis erT-erT mTavar samiznes ujredebis membranul 
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struqturebTan erTad cilebisa da cximebis struqturebi 

warmoadgens. 

amis gamo Cven mizanSewonilad CavTvaleT Tavis tvinis im 

ubnebis mikrokalorimetruli Seswavla, sadac metad iqneboda 

gamoxatuli citotoqsiuri efeqti.  
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II. Tavi 

 

kvlevis masalebi da meTodebi 

 

2.1. sisxlis nimuSebis, eriTrocitebisa  daHhemoglobinis 

miRebis meTodebi 

 

am cdebisaTvis gamoyenebuli iyo adamianis venuri sisxli, 

romelsac ar hqonda an hqonda damatebuli antikoagulianti, 

sisxlis konservaciis samedicini standartebis Sesabamisad. am 

miznisaTvis viyenebdiT natriumis citrats, heparinsa da EDTA-s 

(eTilen-diamin_tetraacetilis mJava). 

eriTrocitebis misaRebad sisxlis aRebisas [66,67] 

antikoiaguliantebi gamoiyeneboda an standartebis Sesabamisad 

anda SedarebiT mcire raodenobiT, rac uzrunveyofda Sededebis 

procesis mxolod Senelebas. EeriTricitebs vleqavdiT sisxlis 

centrifugirebiT 30wT-is ganmavlobaSi 1000g -ze NaCl-is 0.9%-ian 

xsnarSi.  

oqsihemoglobinis misaRebad eriTrocitebi ileqeboda 12 000 g-

ze. lizisi miiRweoda nimuSze distilirebuli wylis sammagi 

moculobis damatebiT. am mdgomareobaSi vtovebdiT erTi dRe-

Ramis ganmavlobaSi da vakontrolebdiT mikroskopiT. E 

eritrocitebs vleqavdiT xsnaris meaTedi moculobis 1 mol 

Na-fosfatis buferiT (pH 7.0) da vacentrifugirebdiT 30wT-is 
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ganmavlobaSi 4 000 g-ze. Semdgom nimuSs vdgamdiT dializze misi 

sammagi moculobis 2.8 mol. K-fosfatis buferSi (pH 6.8) 6 saaTis 

ganmavlobaSi. Amis Semdeg sadializo xsnari ganaxldeboda imave 

moculobis axali buferiT da dializi mimdinareobda 12-24 sT-is 

ganmavlobaSi. miRebul nimuSs hqonda sqeli konsistencia. 

Yyoveli am proceduris dros tempertura +40-is toli iyo. amis 

Semdeg nimuSi mzaddeboda qromatografis svetSi Casasxmelad. 

miRebul masas vxsnidiT 0.05 molarobis Tris-buferSi (pH 7.9) da 

vdgamdiT dializze amave buferSi. gasufTavebas vawarmoebdiT 

karboqsil-sefadeqsze - C-50. nimuSi svetidan gamodioda pH 7.8-ze 

(meore fraqcia). sisufTavis xarisxs vakontrolebdiT 

eleqtroforeziT poliakrilamidis gelSi. gasufTavebis Semdeg 

dializis saSualebiT cilis koncentracia dagvyada 7.5-9%-mde 

[68].  

oqsihemoglobins vinaxavdiT Ria WurWelSi +40C-ze. met 

formaSi misi gadayvana ki xdeboda mWidrod daxurul WurWelSi. 

xsnaris koncentracias vzrdidiT dializiT gamokristalebamde. 

  

 

sur.11 hemoglobinis kristalebi maTi 20-jer gadidebisas 
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xsnarebis pH-s vcvlidiT dializis saSualebiT erTi dRe-

Ramis ganmavlobaSi Sesabamisi buferis 30-jer meti moculobis 

damatebiT, romelsac vcvlidiT yovel 8 saaTSi. gamoyenebuli 

gvqonda Na-fosfatis buferi, romelsac gaaCnia pH-is farTo 

diapazoni (4.9-9.2). 

eriTrocitebis misaRebad viyenebdiT Na-fosfatis bufers 

Sesabamisi meTodikis mixedviT [69]. 20 wT-is ganmavlobaSi 1 000g-

ze dacentrifugirebul eriTrocitebs vaSorebdiT danarCen masas 

da vamatebdiT buferis tol raodenobas. maTi hemolizi xdeboda 

hipotonuri buferis 14-jer meti raodenobis damatebiT. Amis 

Semdeg mimdinareobda centrifugireba 20wT-is ganmavlobaSi 20 000 

g –ze. 

muSaobisas Na-fosfatis bufersa da NaCl-is xsnars 

vamzadebdiT “qimiurad sufTa” nivTierebebis gamoyenebiT, 

danarCeni preparatebi ki “Serva Chemicals”–is firmis iyo.  

 

2.2. dnm-porfirinis kompleqsebis momzadeba 

Cveni eqsperimentebisaTvis saWiro, xbos Timusidan 

gamoyofili dnm mogvawoda profesorma d. landom (bioorganuli 

qimiis instituti, minski), romelic mis laboratoriaSi iyo 

miRebuli. dnm-is molekuluri wona iyo 1.9 kilodaltoni, 
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cilebis Semcveloba ~0.5%, hiperqromuli efeqti ~ 39%. dnm 

gaxsnili iyo Na-fosfatis buferSi _ pH 7.02, [Na+] =10-2M. 

gazomvebi Catarebuli iyo dsm-ze, mgrZnobiarobiT 10-7 W. gasazomi 

ampulis moculoba _ 0.30 sm3, gaxurebis siCqare _ 0.550C/wT, 

gazomvis temperaturuli diapazoni _  25-140 0C, sizustiT ∼ 0.05 

0C dnobis entalpiis (∆Hmelt) cdomileba _ ara umetes 6% [70]. 0.5 

gr. dnm-is koncentracia iyo _ 0.18%. 0.5 gr. porfirini metalis 

gareSe da TuTiis Semcveli porfirini gaxnili iyo 0.1 ml. Na-

fosfatis buferSi (pH 7.02).  

 

2.3. TeTri virTagvebis Tavis tvinze toluoliT 

zemoqmedeba 

ujreduli struqturebis stabilurobaze toluolis 

gavlenis Sesaswavlad Cven gamoviyeneT TeTri virTagvebis 

hipokampisa da ynosvis bolqvebis qsovilebi. masala mowodebuli 

iyo i.beritaSvilis saxelobis fiziologiis institutis kvleviTi 

laboratoriidan. EeqsperimentisaTvis gamoyenebuli iqna 

cxovelebis ori jgufi: erTi da ori Tvis virTagvebi (I da II 

jgufi). dekapitaciamde cxovelebi imyofebodnen desikatorSi 40 

dRis ganmavlobaSi, sadac maT asunTqebdnen toluols dReSi 3-4 

wT-is ganmavlobaSi, toluolis koncentracia 600 ppm-is toli 
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iyo. toluoliT zemoqmedebis Semdeg cxovelebs utarebdnen 

dekapitacias da axdendnen hipokampisa da ynosvis bolqvebis 

eqstraqcias.  

Cveni eqsperimenti mdgomareobda tvinis zemoaRniSnuli 

nawilebis qsovilebis mikrokalorimetrul SeswavlaSi. gazomvebi 

Catarda diferenciuli skanirebadi mikrokalorimetruli (dsm) 

meTodiT [71]. samuSao parametrebi iyo: kalorimetris 

mgrZnobiaroba _ 0.42 µW; temperaturuli intervali _ 5-1500C; 

gamzomi ampulis moculoba _ 0.3ml; siTbotevadobis cvlilebebis 

mixedviT kalorimetris garCevadobis unari (bazisuri xazidan 

minimaluri gadaxra) iyo 10-5 j/0C; absoluturi temperaturis 

gazomvis sizuste iyo aranakleb 0.050C. qsovilebSi nukleinis 

mJavebis Semcveloba gansazRvruli iyo [72] meTodiT da 

biopolimerebis Mraodenoba gadaTvlili mSral wonaze 

gamoTvlili iyo [73] meTodiT. 

siTburi parametrebi – denaturaciis siTbos STanTqmis 

sidide (Qd), denaturaciis pikis maqsimumi (Tm), pikis 

naxevarsimaRleze sigane (∆Tm) gamovTvaleT Cvens ganyofilebaSi 

SemuSavebuli programiT, xolo mrudebis dekonvolucia – Origin 

6.0 - programuli paketis saSualebiT. hipokampisa da ynosvis 

bolqvebis Qd–s cdomileba ar aRemateboda 10%-s. Tm 

ganisazRvreboda ± 10C da ∆Tm ± 0.50C  cdomilebiT. 
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2.4. diferenciuli skanirebadi mikrokalorimetri 

biomakromolekulebis denaturaciis parametrebis 

gansasazRvravad 

 

cilebis da nukleinis mJavebis Sidamolekuluri dnobis 

procesis Termodinamikuri sidideebis eqsperimentuli 

gansazRvris amocana, gadawyvetil iqna 1964-1970 wlebSi saq. mec. 

akademiis fizikis institutSi Seqmnili axali skanirebadi 

mikrokalorimetris saSualebiT, romlis mgrZnobiaroba 3 rigiT 

aRemateboda sxva im dros arsebuli danadgarebis mgrZnobiarobas 

[74]. aRniSnuli meTodis bazaze SemdgomSi Seiqmna mTeli rigi 

msgavsi danadgarebisa [75], romlebic warmatebiT gamoiyeneba 

molekuluri biofizikis sferoSi [76-82]. ukanasknel wlebSi 

mikrokalorimetriis meTodi daxvewil iqna [83] j. monaseliZisa 

da n. baqraZis mier, ramac SesaZlebeli gaxada biopolimerebis, 

rogorc ganzavebuli da koncentrirebuli xsnarebis, aseve 

rTuli biologiuri sistemebis siTburi Tvisebebis gansazRvra 

farTo temperaturul intervalSi. 

warmodgenili modeli, adreuli modelebisagan gansxvavebiT, 

saSualebas gvaZlevs kalorimetrSi nimuSis CatvirTva 

movaxdinoT specialuri gare arxebiT (Txelkedliani uJangavi 

foladis milebi), rac adreuli modelebisagan gansxvavebiT 
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gacilebiT aadvilebs mkvlevaris kalorimetrTan muSaobas (j. 

monaseliZe, n. baqraZe 1971, 1973. g. majagalaZe, j. monaseliZe 1986). 

sakvlevi nimuSisa da etalonis uwyveti da Tanabari 

gaxurebisas  xorcieldeba or identur konteiners Soris 

warmoqmnili Termo e.m.Z.-is registracia. igi temperaturuli 

sxvaobis proporciulia, xolo es ukanaskneli ki proporciulia 

nimuSis siTbotevadobis cvlilebisa.  ampulebs Soris siTburi 

ukukavSiri xorcieldeba konteinerebs Soris gawebebuli 

diferenciul TermobatareaSi gamavali siTburi nakadiT. 

STanTqmuli (gamoyofili) siTbos raodenobis 

gansazRvrisaTvis,  xdeba xelsawyos dakalibreba. Tu erT-erT 

konteiners mivawodebT etalonur energias, maSin maT Soris 

warmoiqmneba temperaturuli sxvaoba. warmoqmnili temperaturuli 

sxvaoba ganagrZobs matebas iqamde, vidre TermobatareaSi 

gamavali siTburi nakadi ar daakompensirebs konteinerebis 

gaxurebis siCqareebis sxvaobas. amis gamo, konteinerebs Soris 

myardeba axali mudmivi temperaturuli sxvaoba, romelic 

pirdapir proporciulia gadacemuli energiisa ∆T∼∆W, romelic 

gansazRvravs TviTmweris kalmis gadaxras h bazisuri xazidan. ∆ 

W iTvleba Semdegnairad:  
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sadac: UU – denis wyaros Zabva. 

       Ra – ampulis gamaxureblis winaRoba. 

       Rg – gare cvladi winaRoba, romlis mniSvneloba 

gansazRvravs skanirebis siCqares (igi CarTulia mimdevrobiT 

ampulis wredSi). 

       ∆R – kalibrebisas gare wredis winaRobis cvlileba. 

Tu viciT ∆W, h da TviTmweris diagramis moZraobis siCqare, 

SeiZleba gamovTvaloT farTobis erTeulze mosuli siTbos 

raodenoba formuliT: 

l
t

h
Wq

∆
∆∆

=   (j/mm2)  

diferenciul mrudze temperaturuli niSnulebis dasmis 

Semdeg saSualeba gveZleva (∆T; t) koordinatidan gadavideT (∆T; 

T) koordinatebSi. ),( T
dT
dQ

koordinatebSi gadasasvlelad 

aucilebeli pirobaa dT/dt=const da miviRebT: 
dt
dQ

dtdTdT
dQ

/
1

= . amis 

Semdeg ukve martivia denaturaciis kuTri siTbos gansazRvra 

formuliT: MqSQ /= , sadac QQ – siTbos raodenobaa, romelic 

modis S farTobze (siTbos STanTqmis mrudiTa da bazisuri 

xaziT SemosazRvruli), M– M sakvlevi nimuSis masa. 
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garemosTan siTbocvlis gamosaricxad, diferenciuli 

konteinerebi garSemortymulia adiabaturi ekranebis sistemiT, 

romelic Sedgeba inertuli da regulirebadi ekranebisagan. 

kalorimetrul konteinerebSi CarCilulia Txelkedliani, 

uJangavi foladis milebi, romelebic gankuTvnilia gamzomi da 

etalonuri ampulis CasatvirTad. kalorimetruli ampulebi 

moTavsebulia inertul siTbur ekranSi, romelic gankuTvnilia 

regulirebadi ekranisagan warmoqmnili siTburi velis 

gradientis Sesamcireblad. garemos gavlena ekranze gamoiricxeba 

regulirebad ekranebs Soris mudmivi da mcire temperaturuli 

gradientis SenarCunebiT gazomvis mTel temperaturul 

intervalSi. kalorimetri moTavsebulia specialur sqelkedlian 

siTbogaumtar cilindrSi, igi emsaxureba  eqsperimentis dros 

kalorimetrze garemos mier siTburi SeSfoTebebis Semcirebas. 

sistemis maRali adiabaturoba miRweulia siTburi ekranebis 

temperaturis zusti regulirebiT. or ekrans Soris 

temperaturuli sxvaobis gasazomad gamoiyeneba manganin-

konstantanis Termobatarea, romelic mierTebulia 

maRalmgrZnobiare xelsawyosTan (mikrovoltmetrTan F-136). 

temperaturis regulacia warmoebs eleqtruli avtomaturi 

sistemiT, romelic inarCunebs ekranebs Soris temperaturul 

sxvaobas 5×10-4 sizustiT temperaturis mTel intervalSi. me-12 

suraTze moyvanilia ekranis temperaturis regulaciis blok-
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sqema. ekransa da ampulebs Soris temperaturuli sxvaobis 

warmoqmnisas Termobatareiis boloebze aRiZvreba signali, 

romelic Zlierdeba eleqtronuli (F-136) gamaZlierebliT da 

miewodeba proporciul integralur regulators. xolo 

regulatori  miawvdis gamaxurebels signalis proporciul dens.   

mikrokalorimetris mTavari bloki, konteineri warmoadgens 

or Rru spilenZis cilindrs, romelTa Soris gawebebulia 

qromel-konstantanis Termobatarea (100 wyv.)  cilindrebis 

siRrues aqvs wakveTili konusis forma, igi aumjobesebs 

cilindrsa da masSi moTavsebul ampulas Soris siTbur 

kontaqts. cilindrze garedan daxveulia gamaxurebeli romlis 

winaRobaa  760 omi. 

konteinerebi erTmaneTTan daSorebulia 8mm-iT. konteinerSi 

CarCiluli uJangavi foladis milebi (romlebic gankuTvnilia 

ampulebis CasatvirTad). es milebi gamodian gareT siTburi 

ekranebis gavliT. milebi Tavis mxriv mirCilulia ekranebTan, 

raTa Semcirdes temperaturuli gradienti milebis gaswvriv, 

konteinerebis mudmivi siCqariT gaxurebisas. uJangavi milebidan 

konteinerSi itvirTeba sazomi ampulebi, romlebic damzadebulia 

titanisagan da aqvT wakveTili konusis forma, diametri-7.8 mm.  

moculoba 0.3 sm3 (sur. 12).  

gamzomi bloki mierTebulia PC kompiuterTan (Pentium 3). 

registraciis maqsimaluri siCqare Seadgens 4 wert. wm.-Si, 
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gazomvebi tardeboda wakiTxvis siCqariT  - 2 wert.wm-Si, 

skanirebis siCqare SegviZlia vcvaloT 0.003 – 20C/wT-Si SualedSi. 

gazomvis temperaturuli intervali – 0 – 1500C-ia. bazisuri 

xazidan minimaluri gadaxra skanirebis reJimSi 5 – 1500C 

intervalSi ara umetes 10-5 j/K. mrudis piveladi damuSaveba 

(bazisuri xazis aproqsimacia, mrudis kalibreba da normireba) 

warmoebs specialurad Sedgenili programis saSualebiT, xolo 

damuSaveba (rTuli mrudis Semadgenel komponentebad dayofa, 

calkeuli maqsimumebis gamoyofa, mrudis integrireba da grafikis 

ageba) warmoebs Origin 6.0 programis paketis saSualebiT. 
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sur. 12. diferenciuli skanirebadi mikrokalorimetris blok-sqema.
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III. Tavi 

miRebuli Sedegebi da maTi ganxilva 

3.1. hemoglobinis siTburi denaturaciis parametrebis 

dadgenis mniSvneloba adamianis sisxlisa da eriTrocitebis 

mikrokalorimetruli Seswavlisas 

 

sisxlis (eriTrocitebis, hemoglobinis xsnaris) gaxurebisas 

miRebul mrudebze pirobiTad SegviZlia movniSnoT sami 

temperaturuli ubani. pirvel ubanSi (40-550C) mimdinareobs 

sisxlSi arsebuli lipidebisa da ujredis membranebis siTburi 

daSla. meore _ (55-800C) sisxlis globularuli cilebis mier 

siTbos STanTqmis ZiriTadi ubania. mesame ubani (70-900C) asaxavs 

sisxlis birTviani ujredebis qromatinuli kompleqsis siTbur 

denaturacias da hemoglobinis siTbos STanTqmis 

maRaltemperaturul monakveTs. 

kalorimetrSi mTliani sisxlis nimuSebis gaxurebisas, 

siTbos STanTqmis srul suraTSi (am sami ubnidan TiToeulSi) 

hemoglobinis siTbos STanTqmis wili bevrad aRemateba yvela 

sxva komponentis wils. am wilis mixedviT meore adgilzea 

plazmis globulinebi, rac gamoisaxeba hemoglobinis ZiriTad 

pikze arsebuli mxriT 610C –ze (sur.13,14).  

imis dasadgenad, rom kalorimetrul CanawerebSi 

hemoglobinis siTbos STanTqmis wili Warbobs sxva komponentebis 
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wils, CavatareT eqsperimentebis seria, romlis drosac xdeboda 

sisxlis nimuSis meoradi gaxureba (sur.14). kalorimetrSi 

gaxurebis Semdeg nimuSebs vaciebdiT 5 sT-is ganmavlobaSi 150C-

mde da vtovebdiT aseT mdgomareobaSi 24 sT-is ganmavlobaSi. 

Semdgomi gaxurebis Sedegad am sami temperaturuli ubnidan arc 

erTSi ar Canda SesamCnevi siTburi efeqti. pirvel temperaturul 

ubanSi SeimCneoda susti efeqti, romelic dakavSirebuli unda 

iyos sisxlis globularuli cilebis umniSvnelo aRdgenasTan. 

is faqti, rom renaturacia ar xdeboda, gamowveulia sisxlis 

cilovani Semadgenlobis agregaciuli efeqtebiT, rac Tavis mxriv 

metyvelebs kalorimetruli Canawerebis “cilovan bunebaze”. 

  kalorimetrul CanawerebSi hemoglobinis Termuli 

wvlilis mniSvnelovani maxasiaTebeli ganpirobebulia sisxlis 

sxva komponentebze eriTrocitebis raodenobrivi dominirebiT 

(daaxloebiT orjer). gaviTvaliswineT agreTve adamianis 

eriTrocitebis agebulebis Tavisebureba: isini warmoadgenen 

ujredebs, romlebSic hemoglobinis raodenoba daaxloebiT 33-

36%-ia. amrigad CvenTvis saintereso iyo, Tu rogor Seicvleboda 

gaxurebisas eriTrocitebis membranebis daSlis Sedegad mTliani 

sisxlis siTbos STanTqmis suraTi. 

sur. 15 (a, b) -ze mocemulia mTliani sisxlisa da misgan 

gamoyofili eriTrocitebis siTburi Tvisebebis 

mikrokalorimetruli gamokvlevebis Sedegebi.  mTliani sisxlis 
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sur. 13. mTliani sisxlisa (uwyveti xazi) da am sisxlidan 

miRebuli eriTrocitebis suspenziis (wyvetili xazi) siTbos STanTqmis 

mrudebi. 

 

 

sur. 14. adamianis sisxlis siTbos STanTqmis mrudi. nimuSi 

gaxurebuli iyo 710C-mde (1), xelmeored gaxurebuli 830C-mde (3) da 

1000C –mde (4). (2) _ sisxlis igive nimuSi uwyveti gaxurebiT. 
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sur. 15. siTbos STanTqmis mrudebi janmrTeli donoris venuri 

sisxlis (a) da eriTrocitebis membranebis [uwyveti xazi _ (b)] da 

eriTremiiT daavadebuli pacientisa (wyvetili xazi) 
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suraTSi (sur. 15, a)Mmembranuli komponentebis wvlilis dadgena 

SesaZlebeli gaxdeboda gansxvavebuli Tvisebebis mqone nimuSebis 

Seswavlis saSualebiT. am mizniT, normasTan erTad, gamovikvlieT 

daavadebuli sisxli. paTologia dakavSirebuli iyo Zvlis tvinSi 

eriTrocitebis Warbi raodenobiT gamomuSavebasTan _ eriTremia. 

suraTidan Cans, rom gansxvaveba normasa da paTologias Soris 

SeiniSneba, rogorc sisxlis, aseve membranebis (sur.15, b) doneze. 

yuradReba unda mivaqcioT im garemoebas, rom sisxlis gazomvisas 

memranebis temperaturul ubanSi miRebuli siTburi efeqti, 

aRemateba membranebis daSlisas aRricxul siTbos raodenobas. 

Tu amave dros mxedvelobaSi miviRebT im faqts, rom sur.15,a-ze 

miRebuli monacemebi gadaTvlilia mTliani sisxlis mSral 

wonaze, xolo 15,b-ze _ mxolod membranebis masaze, 

davrwmundebiT, rom membranuli komponentebis wvlili mTliani 

sisxlis siTburi STanTqmis fonze SeiZleba mxedvelobaSi ar 

iqnas miRebuli. 

raodenobrivi analizi, romelic gakeTda eqsperimentebis 

monacemebis bazaze da agreTve sisxlis Semadgenlobidan 

gamomdinare, saSualebas gvaZlevs davaskvnaT, rom sisxlis 

gaxurebisas aRricxuli siTburi efeqtis 85% Seicavs 

informacias hemoglobinis konformaciul mdgomareobaze mis 

bunebriv garemoSi. aqedan gamomdinare, vTvliT, rom 

eriTrocitebis siTburi Tvisebebis Seswavlas ar aqvs pirveladi 
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mniSvneloba da aqcents vakeTebT hemoglobinis Seswavlaze 

sisxlsa da xsnarebSi.  

 

 

3.1.1. hemoglobinis xsnarebis Termuli Tvisebebis Seswavla 

a. hemoglobinis Termuli Tvisebebis damokidebuleba mis 

koncentraciasa da buferis ionuri Zalaze 

 

rogorc cnobilia, xsnarSi hemoglobinis dabali 

koncentraciisas cilis tetrameri iSleba. calkeuli 

suberTeulebi ver inarCuneben mesameul struqturas. amasTan 

dakavSirebiT saintereso iyo cilis sxvadasxva koncentraciis 

xsnarebis mikrokalorimetruli Seswavla.  

me-16 da me-17 suraTebze naCvenebia oqsihemoglobinis erTi da 

imave nimuSis gansxvavebuli koncentraciis (sawyisi koncentracia 

iyo 6.7% 0.1 mol. Na-fosfatis buferSi, pH 6.8) xsnarebis siTbos 

STanTqmis mrudebi. koncentrirebas vaxdendiT sqeli masis 

warmoqmnamde, romelSic gamoikveTeboda kristalebis Canasaxebi 

(40.5%) da srulyofili kristalebi (53%). wyvetili xaziT 

naCvenebia siTbos STanTqma natiuri sisxlisa, romelsac 

damatebuli aqvs antikoagulanti (EDTA), gadaTvlili 

hemoglobinis masaze (koncentracia eriTrocitebSi _ 33%). 
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sur. 16 (ganxilulia teqstSi) 

 

sur. 17 (ganxilulia teqstSi) 
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sur.18-ze mocemulia sruli siTbos STanTqmis ( ) 

damokidebuleba cilis koncentraciaze, da ZiriTadi (O) da 

maRaltemperaturuli (●) pikebis Sesabamisi siTbos STanTqma da 

temperaturuli maqsimumebi (Tm).  

 

sur. 18 oqsihemoglobinis siTbos STanTqmis parametrebis 

damokidebuleba xsnarebSi mis koncentraciaze:  _ sruli siTbos 

STanTqma, O – siTbos STanTqmis ZiriTadi pikis maxasiaTeblebi, ● - 
siTbos STanTqmis maRaltemperaturuli pikis maxasiaTeblebi. 

 

 

Aam gamokvlevebis safuZvelze SegviZlia davaskvnaT, rom 

HbO2 –is koncentraciis Semcireba 5%-ze qvemoT iwvevs siTbos 

STanTqmis ZiriTadi pikis temperaturuli maqsimumis (Tm) 

Semcirebas da gaxurebisas warmoqmnili Termuli efeqtebis 

momatebas. mcirdeba agreTve denaturirebul mdgomareobaSi 
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gadasvlis kooperatiuloba. koncentraciis Semdgomi Semcireba 

(0.5%-ze qvemoT) iwvevs kalorimetruli mrudebis SesamCnev 

cvlilebebs da “daSlas” siTbos STanTqmis mrudis  ZiriTadi 

pikisa, romelic siTburi efeqtebis fonze sul ufro gaurkveveli 

xdeba. eqsperimentebis mravaljeradi ganmeorebisas gamoikveTa 

kalorimetruli Canawerebis zogadi suraTi da ara misi kerZo 

SemTxvevebi, rac metyvelebs gaxurebiT gamowveuli procesebis 

rTul statistikur xasiaTze. savaraudod, es dakavSirebuli unda 

iyos gaxurebisas cilis struqturis destabilizaciasTan, masze 

wylisa da agregaciuli faqtorebis zegavlenasTan, romelic 

izrdeba hemoglobinis jaWvebis maRali hidrofoburobis fonze. 

agreTve unda aRvniSnoT, rom HbO2–is xsnarebis pH–is 

izowertilidan ±0.5 erTeuliT gadaxra zrdis tetrameris 

medegobas ganzavebisadmi. masze mastabilizirebeli moqmedeba aqvs 

agreTve ionuri Zalis momatebas, rasac naTlad davinaxavT sur.16-

is da sur.19-is Sedarebisas. HbO2–is koncentraciis gazrda 10%-

dan 38%-mde da kristalur mdgomareobamde (42%) ar iwvevs siTbos 

STanTqmis mrudebis mniSvnelovan cvlilebebs (sur.17). aq 

SeiZleba mxolod aRvniSnoT siTbos STanTqmis mciredi momateba 

800C-ze koncentraciis 28%-mde momatebisas, romelic 

koncentraciis Semdgomi momatebisas iklebs, magram igive rCeba 

kristaluri mdgomareobisaTvis. is faqti, rom cilis 

koncentrirebuli xsnarebisa da kristalebis siTbos STanTqmis 
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mrudebi mniSvnelovnad ar gansxvavdeba erTmaneTisagan, miuTiTebs 

imaze, rom cilis agregacia gaxurebisas SemTxveviT xasiaTs ki ar 

atarebs, aramed kristalebis warmoqmnis procesis msgavsad 

mimdinareobs. 

 

sur. 19. hemoglobinis gansxvavebuli koncentraciis xsnarebis 

siTbos STanTqma (0.01 mol. Na–fosfatis buferi, pH 6.8) 
 

 

igive movlenebi SeiniSneba met-hemoglobinis xsnarebis 

SemTxvevaSic, im gansxvavebiT, rom tetrameris 

destabilizaciasTan dakavSirebuli cvilebebi (wina eqsperimentis 

pirobebis dacviT) aRiniSneba ufro maRal koncentraciaze, rac 

miuTiTebs am formis cilis ganzavebisadmi SedarebiT maRal 

mgrZnobiarobaze (sur.20, 21) (pI met-Hb=6.8). sainteresoa ionuri 

Zalis gazrdiT gamowveuli met-hemoglobinis tetrameris 

struqturis stabilizaciisas (sur.21) siTbos STanTqmis ZiriTadi 
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pikis zrda da maRaltemperaturuli pikis Semcireba. (rogorc 

wesi cilis met-formaSi gadasvla Seuqcevadi procesia). 

 

sur. 20 met-Hb-is xsnarebis siTbos STanTqma. (0.01 mol. Na–
fosfatis buferi, pH 7.0) 

 

 

 

 
sur. 21 met-Hb-is xsnarebis siTbos STanTqma. (0.1 mol. Na– 

fosfatis buferi, pH 7.0; 1 mol. Na–fosfatis buferi, pH 7.0, suraTze 

5%-iani ganzaveba)  

 



 81   

rogorc gamokvlevebma gviCvena, tetrameris konformaciaze 

xsnarebis ionuri Zalis gazrdiT gamowveuli cvlilebebi Zlier 

umniSvneloa da daiyvaneba maRali ionuri Zalebis gavleniT 

gamowveul cilis Cveul stabilizaciamde. zemoT aRniSnuli met-

hemoglobinis siTbos STanTqmis zrda ZiriTadi maqsimumis zonaSi 

_ erTaderTi “anomaliaa” da ganpirobebulia xsnaris pH-is 

izowertilTan miaxloebiT. 

 

 

H b. hemoglobinis Termuli Tvisebebis damokidebuleba 

xsnarebis pH-ze 

 

rogorc cnobilia, cilis struqtura sakmaod mgrZnobiarea 

pH–is cvlilebisadmi. eqsperimentebis Tanabar pirobebSi 

Catarebis mizniT viyenebdiT mxolod Na-fosfatis bufers, 

romelic agreTve saSualebas iZleva vcvaloT pH-is mniSvneloba 

4.9-dan _ 9.1-mde. Hb-is sawyisi nimuSebi inaxeboda neitralur pH-is 

xsnarebSi da uSualod kalorimetruli gazomvebis win sasurvel 

pH-s vaRwevdiT 24 saaTiani dializis saSualebiT (drois es 

monakveTi aucilebelia, rogorc saWiro pH-is misaRebad, agreTve 

cilis struqturis stabilizaciisaTvis am pirobebSi). unda 

aRvniSnoT, rom mocemuli buferis pH-is ukiduresi 

mniSvnelobebis dros SeiniSneba cilis molekulaze mJave da 
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tute aris denaturaciuli zemoqmedeba. es garemoeba miRebul 

monacemebs damokidebuls xdis sainkubacio droze. buferis 

zemoTmoyvanili diapazonidan (4.9 _ 9.1) 0.3 erTeuliT gadaxra 24 

saaTiani dializis pirobebSi iwvevs cilis TiTqmis mTlian 

denaturacias. amrigad mocemuli buferi saSualebas gvaZlevs 

gamovikvlioT Hb-is Termuli Tvisebebi xsnarebis pH-is sasurvel 

diapazonSi. sur. 22-ze mocemulia HbO2-is gansxvavebuli pH-is 

mqone xsnarebis siTbos STanTqmis ramodenime mrudi.  

 

 

 

 

sur. 22. gansxvavebuli pH–is mqone oqsihemoglobinis xsnarebis siTbos 

STanTqmis mrudebi. 
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sur. 23. gansxvavebuli pH–is mqone met-hemoglobinis xsnarebis siTbos 

STanTqmis mrudebi. 

 
 

sur. 24. (ganxilulia teqstSi) 
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siTbos STanTqmis  Sesabamisi (sur.22) parametrebis 

damokidebuleba pH-ze moyvanilia sur. 24-ze (C = 10%, 0.1 M buferi). 

am Sedegebis mimoxilva qvemoT gveqneba moyvanili. aq ki gvinda 

aRvniSnoT, rom pH-is mJave da tute mniSvnelobebTan 

miaxloebisas SeiniSneboda siTbos STanTqmis ZiriTadi maqsimumis 

“gaxleCva”, rac aisaxeba Tm-is damokidebulebiT pH-is sidideze 

(sur. 24). cvalebadi pH-is pirobebSi met-Hb-is siTbos STanTqmis 

mrudebi moyvanilia sur.23-ze (11). gvinda aRvniSnoT, rom pH-is 

mniSvnelobebis diapazoni eqsperimentebis am seriisaTvis 

SedarebiT viwro iyo (C = 10%, 0.1 M buferi). es dakavSirebulia 

imasTan, rom  am diapazonis gafarToeba orive mimarTulebiT (24 

saaTiani dializis Semdeg) iwvevs cilis denaturacias, rac 

gamowveulia cilis met-formis SedarebiT dabali stabilurobiT 

mJave da tute areSi. es monacemebi Seesabameba [84,85] Sromebs. 

rogorc HbO2-is, aseve met-Hb-is SemTxvevaSi denaturacia 

xsnarebis pH-is ukiduresi mniSvnelobebis dros gansxvavdeba 

dabalkoncentraciuli denaturaciisagan imiT, rom Termuli 

efeqtebi saaerTod ar SeimCneva (kalorimetruli Canaweri swor 

xazs warmoadgens).  

sur. 25-ze (C = 9%, 0.001 M buferi) moyvanilia HbO2-is 

xsnarebis (winaswari 24 saTiani dializis Catarebis Semdeg) 

siTbos STanTqmis mrudebi (1 _ pH-6.1, 2 _ pH-5.0). Sesabamis 
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buferebSi 24-saaTiani dializis Semdeg davinaxavT, rom pH-is 

klebasTan erTad iklebs ZiriTadi maqsimumis temperaturac. 

 

sur. 25. (ganxilulia teqstSi) 

 

ufro maRal temperaturebze ki izrdeba analogiuri 

maxasiaTeblis sidide. pH 5.0-is mqone nimuSi inkubirebuli iyo 

damatebiT 6 sT-is ganmavlobaSi (+40C-ze, Ria WurWelSi). miRebuli 

nimuSis  kalorimetruli gazomvebi naCvenebia sur. 25-ze (3). 

cilis Semdgomi inkubacia amave pH-ze kidev 24 saaTis 

ganmavlobaSi iwvevs mis mJavur denaturacias. es monacemebi erTis 

mxriv metyvelebs imaze, rom oqsihemoglobini warmoadgens cilis 

yvelaze stabilur formas, rac Tanxvdeba literaturul 

monacemebs. meores mxriv ki gamoikveTa Semdegi Tavisebureba: 
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meore (maRaltemperaturuli) siTbos STanTqmis pikis warmoqmna 

cilis struqturis destabilizaciis maCvenebelia. aseTi nimuSebi 

naklebad mdgradia dabali koncentraciisa da neitralurisagan 

mniSvnelovnad gadaxrili  pH-is SemTxvevaSi.  

HbO2-is siTbos STanTqmis parametrebi xsnarebis pH-ze 

Semdeg damokidebulebaSia: pH-is 5.5-ze naklebi da 8.5-ze meti 

mniSvnelobis dros Qd da Tm sidideebis damokidebuleba pH-ze 

Seesabameba erTdomeniani globularuli cilebis damaxasiaTebel 

Tvisebebs. HbO2-is da met-Hb-is xsnarebis siTbos STanTqmis 

maxasiaTeblebis Sedareba agreTve gviCvenebs, rom oqsiformis 

izowertliSi Qd sidide maqsimaluria da tolia 10 kal/gr.  pH-is 

viwro intervalSi, met-Hb-is izowertilTan axlos met-Hb-is 

siTbos STanTqmis mrudis profili ganicdis mniSvnelovan 

cvlilebebs da izowertilSi  emsgavseba HbO2-is siTbos 

STanTqmis mruds. amasTan Qd (sur. 25, 1) minimumSi aRwevs imave 

mniSvnelobas _ 10kal/gr. eqsperimentis monacemebis ganxilva 

SesaZleblobas gvaZlevs vivaraudoT, rom HbO2-is xsnarebis pH-is 

izowertilTan miaxloebisas suberTeulebis stabilizaciisaken 

swrafvis tendenciiasTan erTad, rogorc es xdeba erTdomeniani 

cilebis SemTxvevaSi, adgili aqvs tetrameris destabilizacias. 

Qd da Tm sidideebis cvlilebebis xasiaTi saSualebas gvaZlevs 

davaskvnaT, rom aseT destabilizacias mkveTrad gamoxatuli 
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entropiuli xasiaTi gaaCnia da dakavSirebulia HbO2-is 

molekulebSi protonebis gadanawilebasTan.  

izowertilTan axlos HbO2-is xsnarebis Tavisebureba 

imgvaria, rom SegviZlia vivaraudoT: muxtis kompensacia (“+” da 

“_” muxtebis wonasworoba) molekulaSi iwvevs mis 

destabilizacias. izowertilidan garkveuli xarisxiT daSorebis 

SemTxvevaSi ki erTi da imave niSnis muxtebis raodenobis siWarbe 

piriqiT _ iwvevs tetrameris stabilizacias. Cveni monacemebis 

literaturul wyaroebTan Sedareba Semdegi daskvnebis gakeTebis 

saSualebas iZleva: neitralur pH-ze HbO2-is struqturis 

destabilizacia aadvilebs molekulaSi struqturul 

gardaqmnebs, rasac didi mniSvneloba aqvs misi normaluri 

funqcionirebisaTvis. amasTan, advili SesamCnevia, rom T da R  

struqturebs Soris trigeruli tipis gadarTvisas, rogorc wesi 

moqmedebs erTnairi niSnis muxtebi (sur. 26). amrigad, aseTi 

muxtebis velebis gaZliereba TiTqos “ketavs” struqturas 

miuxedavad, erTi SexedviT, molekulaze moqmedi “gaxleCviTi” 

efeqtisa. 

met-Hb-is arafunqciurobis miuxedavad, ZiriTadi pikis 

siTbos STanTqmis maqsimumis Sesabamisi Qd da Tm sidideebis 

cvlilebis mixedviT advili SesamCnevia, rom amdagvari meqanizmi 

aqac muSaobs (sur. 25, 2).  



 88   

 

sur. 26. hemoglobis T da R formebSi α da β jaWvebis kontaqtebis 

trigeruli gardaqmnis meqanizmi.  

 

siTbos STanTqmis kalorimetruli mrudebis orstadiurobis 

analizi gviCvenebs, rom erTi an ori pikis arseboba ar gvaZlevs 

warmodgenas Tu romeli formis hemoglobinTan gvaqvs saqme. igi 

gviCvenebs mxolod cilis konformaciul mdgomareobas. 

gansazRvrul pirobebSi sxvadasxva formebs SeuZlia miiRos 

erTnairi konformaciuli mdgomareoba. magaliTad, cilis 

konformacia, romelic damaxasiaTebelia stabiluri HbO2–Tvis, 

yvelaze naklebad stabiluria met-formisaTvis. met-Hb–is 

moqmedeba izowertiltan axlos faqtiurad miuTiTebs 

izowertilis gadaadgilebaze pH–is mezobel ubanebze, TviT 

izowertilSi ki met_Hb entropiulad arastabiluria da muxtebis 

umniSvnelo cvlilebebsac ki SeuZlia gamoiwvios SesamCnevi 

konformaciuli cvlilebebi.  
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sisxlSi hemoglobini monawileobs mraval 

urTierTdakavSirebul reaqciebSi: ara mxolod sunTqvis 

produqtebis transportSi, aramed pH–is balansirebaSic. amasTan 

erTad Hb-s SuZlia daukavSirdes sisxlisa da eriTrocotebis 

sxva dabalmolekulur komponentebs rogorc uSualod, aseve 

distanciurad, boris protonebis mimocvlis saSualebiT. amave 

dros erTmaneTTan amdagvar urTieTobaSi TviT Hb-is 

molekulebic Sedian. swored aqedan gamomdinare, xsnarebSi 

cilis koncentraciis Semcirebisas vlindeba Hb-is struqturis 

entropiuli destabilizacia, kerZod Qd  da Tm sidideebis 

sxvadasxva mxares mimarTuli cvlilebebi da denaturirebul 

mdgomareobaSi kooperatiuli gadasvlis Semcireba. es garemoeba 

(monawileoba protonebis mimocvlaSi) agreTve iwvevs cilis 

erTgar destabilizacias misi maRali koncentraciisas, razec 

metyvelebs siTbos STanTqmis meore pikis garkveuli zrda. es 

SeiZleba dakavSirebuli iyos ara mxolod cilis 

koncentrirebul xsnarSi protonebis mimocvlis garTulebasTan, 

aramed molekulis garSemo pH–is cvlilebebTanac. molekulis 

struqturis amgvar destabilizacias SeiZleba igive biologiuri 

roli hqondes, rogorc destabilizacias pH–is neitraluri 

mniSvnelobebisas.  

siTbos STanTqmis ori etapis arseboba damaxasiaTebelia Hb-

is nimuSebisaTvis, romlebic naklebad mdgradni arian 



 90   

destabilizaciis faqtorebis mimarT (maT Soris temperaturis 

momatebisadmi). SesaZlebelia, rom cilis struqturis 

stabilurobis Semcireba xels uwyobs siTburi denaturaciis 

dawyebisTanave agregaciuli SeerTebebis warmoqmnas, rac 

“konservacias” ukeTebs natiuri struqturis elementebs 

SedarebiT maRali temperaturis zemoqmedebamde. Hb-is SedarebiT 

stabiluri struqtura meti kooperatiulobiT denaturirdeba da 

am SemTxvevaSi agregaciuli SeerTebebi warmoiqmneba 

denaturirebuli struqturebis xarjze.  

hemoglobinis siTburi Tvisebebis Seswalisas Cven 

ganvixilavdiT SedarebiT martiv sistemebs. sistema, romelSic 

hemoglobini Tavis funqcias srulad asrulebs gacilebiT 

rTulia. albaT am mizezis gamo Cven ver davinaxeT didi 

cvlilebebi gamxsnelis maxasiaTeblebis cvlisas, Tumca sisxlis 

Semadgenlobisa da Tvisebebis sul mcire fluqtuaciebis drosac 

ki hemoglobinis siTburi STanTqmis profili mniSvnelovnad 

icvleba. 
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3.2. dnm-porfirinebis kompleqsebis mikrokalorimetruli 

Seswavla 

 

garemos mniSvnelovanma dabinZurebam mZime metalebis 

marilebiT da agreTve im faqtma, rom metalebs Zlieri 

zegavlena aqvT nukleinis mJavebze, gamoiwvia Cveni 

daintereseba, raTa Segveswavla dnm-is metalebTan 

kompleqsebis Termodinamikuri Tvisebebi. cnobilia, rom 

mikroelementebis metabolizmis darRveva organizmSi 

mutagenezisa da kancerogenezis gamomwvevi faqtoria, magram 

amave dros zogierT metalsa da mis kompleqss 

antikancerogenuli Tvisebebi axasiaTebs (86). aqedan 

gamomdinare Cveni kvlevis sagani iyo kaTionuri porfirinebisa 

da metalSemcveli porfirinebis dnm-is ormag spiralTan 

urTierTqmedebis fiziko-qimiuri meqanizmebis gamokvleva, rasac 

didi mniSvneloba aqvs ujredis radiaciuli dasxivebisas dnm-

Si mimdinare gardaqmnebis Seswavlisas [87].   

mravali kvlevebis safuZvelze dadgenilia, rom  dnm-

porfirinis komleqsSi  molekulebis dakavSirebis sami forma 

arsebobs, saxeldobr: interkalacia fuZe wyvilebs Soris, gare 

stekingi mcire RarebSi da gare mouwesrigebeli mierTeba [88]. 

maT Sesaswavlad gamoiyebneboda sxvadasxva fizikuri meTodi: 
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birTvul-magnituri rezonansi, wonasworuli dializi, 

viskozimetria, nimuSebad ki oligo da polinukleotidebi [89]. 

dadgenili iyo, rom porfirinebi interkalirebs GC–mdidar 

ubnebSi da AT saitebs gareTa mxridan ebmeba [90]. molekulebis 

urTierTdakavSirebis tipi icvleba metalis ionis cvliTa da 

porfirinis periferiaze Camnacvlebeli jgufebis zomisa da 

lokaciis mixedviT [87]. rogorc wesi, kompleqsebi orvalentian 

metalebTan, rogorebicaa Cu(II) da Zn(II) interkalirebs GC 

bazisur wyvilebs Soris. Co3+, Mn3+, and Fe3+ 
ki gareTa mxridan 

ebmeba molekulis zedapirs. rodesac porfirinis piridilis 

rgolSi trimeTil jgufia Canacvlebuli, igi uerTdeba dnm-s 

stekingis wesiT. 

miuxedavad dnm-is ormag spiralze Catarebuli kvlevebis 

simravlisa, ar aris monacemebi kaTionuri porfirin-dnm-is da 

metalokaTionuri porfirin-dnm-is kompleqsebis 

Termodinamikuri stabilurobis Sesaxeb. gansakuTrebiT 

sainteresoa fdT-Si (fotodinamiuri Terapia) farTod 

gamoyenebuli  metalokaTionuri  porfirin-dnm-is kompleqsebis 

am kuTxiT gamokvleva. naCvenebia, rom Ni ionebis Semcveli 

porfirini ar interkalirebs bazisur wyvilebSi, rogorc 

mosalodneli iyo, aramed uerTdeba dnm-is mcire Rars da 

agreTve misi mTavari RerZis  C1’ da O3’ atomebs, rac 



 93   

ganapirobebs am adgilebSi dnm-s jaWvis gaxleCvas nimuSis 

Semdgomi dasxivebisas [91]. msgavsi efeqti SeiniSneba  Cu (II)-

TMpy da Zn (II) TMpy (Tetrakis-Methyl pyridyl-porphyrin)-is dnm 

kompleqsebis SemTxvevaSi. am kompleqsebis Termodinamikuri 

parametrebis Seswavlas gansakuTrebuli mniSvneloba aqvs, 

radgan rogorc zemoT aRvniSneT, isini seleqciurad 

grovdebian simsivnur ujredebze, ebmebian genomur dnm-s da 

iwveven misi jaWvebis gaxleCvas [92], rac SeiZleba gaxdes 

simsivnuri ujredebis apoptozis sawyisi stadia.  

diferenciuli skanirebadi mikrokalorimetriis meTodiT 

Cven SeviswavleT xbos Timusidan gamoyofili natiuri dnm-is 

dnobis Termodinamikuri parametrebi da es sidideebi 

SevadareT dnm-TOEPyP_(Tetra-Oxyethylpyridyl-Porphyrin)-sa da dnm-

ZnTOEPyP_(ZnTetra-Oxyethylpyridyl-Porphyrin)-is kompleqsebis dnobis 

Sesabamis parametrebs. 

denaturaciuli mrudis temperaturuli maqsimumi miCneulia 

gadasvlis temperaturad. dnobis entalpia gamoTvlili iyo 

siTbos STanTmis mrudis qveS aRebuli farTobidan.  

unda aRvniSnoT, rom ligandebisagan Tavisufali, natiuri 

dnm-is dnobis profilis (sur.27,1) rTuli xasiaTi  

dakavSirebulia xbos Timusis dnm-is “blokur” agebulebasTan. 

naCvenebi iyo, rom eukariotul dnm-Si spiral-gorgalis 
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gadasvla neitraluri marilebis dabali koncentraciis 

Tanaobisas, mimdinareobs GC bazisuri wyvilebis raodenobis 

gansxvavebuli Semcvelobis dnm-is saitebis Tanmimdevruli 

dnobiT da rac ufro maRalia GC bazisuri wyvilebis 

procentuli Semcveloba, miT ufro maRalia  am “blokis” 

dnobis temperatura _ Tm. 

cnobilia, rom dnm-is dnobis gadasvlis temperatura, 

rodesac misi fraqciebi  AT wyvilebis 35-36%-s Seicavs aris 

76.5 0C.  GC bazisuri wyvilebis Semcveli dnm-is dnobis 

gadasvlis temperatura, rodesac maTi procentuli Semcveloba 

40 da 42%-ia, Tm=800C  da  840C Sesabamisad.  

amrigad, porfirinisa da metaloporfirinis mierTeba GC 

wyvilebis gansxvavebuli Semadgenlobis mqone dnm-is 

molekulasTan gvaZlevs kompleqsebs, romelTa kalorimetruli 

SeswavliT SegviZlia davadginoT: es ligandebi ufro 

efeqturad ebmeba dnm-is AT Tu GC wyvilebiT mdidar saitebs; 

iwvevs Tu ara cvlilebebs kooperatiul parametrebSi _ ∆Tm da 

∆Hm; axdens dnm-is stabilizacias, Tu piriqiT, iwvevs mis 

destabilizacias.  
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sur. 27. xbos Timusis dnm-s xsnaris temperaturuli dnobis 

mrudi, gadaTvlili mSral masaze.B1 _ natiuri dnm, 2 _ dnm-TOEPyP- 
is kompleqsi (r  = 0.09), 3 _ dnm-TOEPyP-is kompleqsi (r  = 0.2). 

 

sur. 27-dan Cans, rom xsnarSi TOEPyP-is dabali 

koncentracis Tanaobisas (r=0.01_0.09), sadac r aris moli 

porfirinis Sefardeba dnmf.w-ze, iwvevs siTbos STanTqmis 

mrudis gadawevas maRali temperaturebisken. naCvenebia, rom 

mTavari pikis maqsimaluri wanacvleba temperaturuli Skalis 

gaswvriv, roca r = 0.09 Seadgens 3.00C (sur. 28 mrudi 1,2), xolo 

satelituri dnm-Tvis (sur.28 3,4) Seadgens 120C da 150C 

Sesabamisad. amave dros dnobis integraluri siTbo _ ∆H 

izrdeba 10.7±1 kal/gr-dan 12.2±1 kal/grad-mde. aseve izrdeba 

rogorc mTavari aseve satelituri fraqciis ∆Tm. piki, 
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romelic asaxavs dnm-is im ubnis (blokis) dnobas, romlis GC 

wyvilebis procentuli Semadgenloba maRalia, ganTavsebulia 

teritoriulad SedarebiT maRal temperaturul ubanSi, vidre 

piki, romelic Seesabameba dnm-is molekulaSi im blokis 

dnobas, romlis GC wyvilebis procentuli raodenobac 

SedarebiT dabalia.  

 

 

sur. 28. dnm-TOEPyP-is kompleqsis xsnaris dnobis temperaturis 

damokidebuleba r –ze 

 

TOEPyP-s maRali koncentraciisASemTxvevaSi Timusis dnm-is 

dnobis damaxasiaTebeli kalorimetruli mrudi icvleba (sur. 

27. 3) sami gamokveTili mxari (Tm = 73, 80, 870C) da ori piki 76.50C 

da 84.50C praqtikulad qreba da daimzireba erTi difuzuri 

(gaSlili) siTbos STanTqmis mrudi, romelzec mxolod maTi 
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kvali Cans. amis garda daimzireba (sur. 27,28) mTavari pikis Tm-

s wanacvleba dabali temperaturebisaken da integraluri 

siTbos - ∆H-is Semcireba 35%-mde. es sidide, rodesac r=0.2 

Seadgens 7.5 kal/gr. 

miRebuli monacemebi mowmobs, rom porfirinis dabali 

koncentraciebis dros (r=0.01_0.09) roca dnm-is daaxloebiT 80 

÷16 fuZe wyvilze modis porfirinis mxolod erTi molekula, 

dnm-is jaWvi stabilizirdeba, xolo im SemTxvevaSi roca 4-5 

fuZe wyvilze modis TOEPyP-is erTi molekula (r=0.2) ormagi 

spirali destabilizacias ganicdis.  

Zn-TOEPyP-is damateba dabali koncentraciiT (sur. 29,30) 

aseve iwvevs dnm-s ormagi spiralis stabilizacias. gansxvaveba 

mdgomareobs imaSi, rom ukve r=0.0135 dros dnm-is 

kalorimetrul mrudze qreba Timusis dnm-Tvis 

damaxasiaTebeli Taviseburebani (mxrebi da pikebi) da 

daimzireba siTbos STanTqmis ori piki. es ki imas niSnavs, rom 

Zn-TOEPyP-s gaaCnia ufro maRali specifiuroba AT da GC 

wyvilebTan, vidre porfirins TuTiis gareSe. 
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sur. 29. xbos Timusis dnm-s xsnaris temperaturuli dnobis 

mrudi.B1 _ natiuri dnm, 2 _ dnm-ZnTOEPyP-is kompleqsi  (r = 0.0135), 3 
_ dnm-ZnTOEPyP-is kompleqsi (r =  0.12). 

 

 

sur. 30. dnm-ZnTOEPyP-is kompleqsis xsnaris dnobis temperaturis 

damokidebuleba r –ze. 
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maRali koncentraciis Tanaobisas (r=0.2) mcirdeba rogorc 

Tm aseve ∆H sidideebi (sur.30). amrigad, Cven vaskvniT, rom 

TOEPyP da Zn-TOEPyP dabali koncentraciisas iwvevs dnm-is 

stabilizacias, xolo maRali koncentraciisas axdens dnm-is 

ormagi spiralis destabilizacas. Zn-TOEPyP amJRavnebs 

mierTebis maRal xarisxs AT da GC bazisur wyvilebTan, xolo 

TOEPyP mxolod GC wyvilebTan. 

sur. 27 da 28-ze miRebuli parametrebis Termodinamikuri 

analizi aseve gviCvenebs, rom porfirinis dabali koncentracia 

ar iwvevs AT da GC wyvilebis Termostabilurobis 

daaxloebas, radgan kooperatiulobis parametri _ ∆Tm ∼TGC - 

TAT… ki ar mcirdeba, rogorc es daimzireba metalis ionebis an 

neitraluri marilebis damatebisas, aramed izrdeba 

porfirinis koncentraciasTan damokidebulebaSi. izrdeba 

rogorc mTavari aseve satelituri fraqciis dnobis sigane _ 

∆Tm.  

Cveni monacemebi srulad emTxveva dnm-ligandebis 

urTierTqmedebaze Tanamedrove Sexedulebas [88] da gviCvenebs, 

rom porfirini ukavSirdeba dnm-is rogor AT ise GC fuZe 

wyvilebs, magram mierTebis xarisxi gacilebiT didia GC 

wyvilebTan, ris Sedegadac dnm-Si Semavali GC wyvilebiT 

mdidari fraqciis stabiluroba SedarebiT metad izrdeba, vidre 

GC wyvilebiT naklebad  mdidari fraqciisa, rac iwvevs dnm-
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porfirinis kompleqsis dnobis intervalis mniSvnelovan 

gafarToebas. 

agreTve Cven SeviswavleT bioregulatori peptidis _ 

prostomaqsis dnm-ze zemoqmedebis meqanizmi. kvlevis mTavari 

mizani iyo peptit prostomaqsis energetikuli wvlilis dadgena 

poly[d(A-T)d(A-T)-s lRobis entalpiaSi da molekulaTSoris 

kavSirebze. am SemTxvevaSic dnobis profilis Secvla 

damokidebuli iyo peptidis koncentraciaze [93]. 

prostomaqsis koncentraciis gazrdam  gamoiwvia dnobis 

mrudis gadaxra ufro maRali temperaturisken. ∆Tm gaizarda 

2.40C-dan 5.60C-de dnobis mrudis umniSvnelo cvlilebiT. aqedan 

gamomdinare poly[d(A-T)d(A-T)-s  dnobis intervalis gafarToeba 

100%-iT zrdis Tm-s 60C-iT, ∆Hm-is  mniSvnelovani cvlilebis 

gareSe. miRebuli Sedegebi SeiniSneba koncentraciis mniSvnelobis 

SualedSi 2.4x10-3
-dan 7.2 x10-3 mol peptidamde erT mol A-T  fuZeTa 

wyvilze gaangariSebiT. gamoTqmulia mosazreba, rom prostomaqsi 

ukavSirdeba poly[d(A-T)d(A-T)-s  molekulas boloebSi da 

warmoqmnis wriul molekulas, romelic dneba ufro maRal 

temperaturaze da farTo temperaturul intervalSi, vidre 

Tavisufali poly[d(A-T)d(A-T). es mosazreba eTanxmeba optikuri 

meTodebiT miRebul Sedegebs wriul dnm-ze misi lRobisas 

fiziologiur pirobebSi.   
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3.3. qromatinis Termostabilurobaze toluolis 

zegavlenis mikrokalorimetruli Seswavla 

makromolekulebis, cilebisa da nukleinis mJavebis dnobis 

procesi xsnarebSi siTbos STanTqmiT mimdinareobs [94]. 

Ggamokvlevebis Sedegad dadgenilia, rom membranebi da birTvuli 

matriqsi denaturirdeba 40-550C [95-97] temperaturul intervalSi, 

citoplazmuri struqturebi _ 50-850C, xolo genetikuri masala _ 

85-1200C temperaturul intervalSi [98]. 

rogorc literaturidan aris cnobili, toluolis 

citotoqsiuri efeqti iwvevs nervuli ujredebis raodenobis 

Semcirebas Tavis tvinis rogorc qerqul, aseve qerqqveSa 

struqturebSi. toluolis damazianebeli efeqti ukavSirdeba misi 

metabolitebis, Tavisufali radikalebis unars zemoqmedeba 

moaxdinon membranis cximovan Sreze [99], ujredul cilebsa da 

dnm-ze da gamoiwvion maTi oqsidaciuri dazianeba [100].  

aqedan gamomdinare, mizanSewonilad CavTvaleT Segveswavla 

toluoliT intoqsikaciis zegavlena nervuli ujredebis 

qromatinis stabilurobaze.  

sur. 29-ze warmodgenilia sakontrolo jgufis virTagvebis 

hipokampisa da ynosvis bolqvebis qsovilebis siTbos STanTqmis 

mrudebi, romelTa profilebs rTuli saxe aqvs da gansxvavdeba 

erTmaneTisagan. orive SemTxvevaSi SeiniSneba 6 endoTerma, Tumca  
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sur. 31. sakontrolo cxovelebis hipokampisa (1) da ynosvis 
bolqvebis (2) qsovilebis siTbos STanTqmis kalorimetruli mrudebi. 

 

 

sur. 32. sakontrolo cxovelebis hipokampisa (a) da ynosvis 

bolqvebis (b) Qqsovilebis siTbos STanTqmis dekonvoluciuri mrudebi 

1 gram mSral biomasaze gadaangariSebiT. 1 _ 20.3 mg mSrali biomasa, 2 

_ 22.0 mg mSrali biomasa. skanirebis siCqare 0.560C/wT.  
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ynosvis bolqvebis SemTxvevaSi endoTermebi ufro mkveTradaa 

gamoxatuli. 

arsebuli monacemebis mixedviT [101] dadgenilia, rom dsm 

gazomvebis safuZvelze bioqimiur, eleqtronul-mikroskopul da 

eleqtroforezul monacemebTan erTad H1 histonebiT 

gaRaribebuli xsnadi qromatini denaturirdeba sam stadiad: Td = 

57, 68 da 800C, uxsnadi qromatini _ or stadiad: 68 da 800C, 

normaluri birTvebisa da ujredebis qromatini sam stadiad: Td = 

73, 88 da 1050C, xolo transformirebuli ujredebis qromatini or 

stadiad: Td = 90 da 100
0C  [102].  

imisaTvis, rom gamogvekvlia, Tu romeli endoTerma 

Seesabameba qromatinis denaturacias, movaxdineT Cvens mier 

miRebuli siTbos STanTqmis mrudebis dekonvolucia 

elementarul gausis Semadgenlebad (sur.30 a, b) da orive 

SemTxvevaSi miviReT gadasvlis (endoTermis) 8-9 stadia. vicodiT 

ra dnm-is raodenoba 1 gram mSral biomasaze, biomasis raodenoba 

gamzom ampulaSi da siTbos raodenoba, romelic modis VII, VIII 

da IX dekonvoluciur endoTermebze, Cven gamovTvaleT am 

endoTermebis siTboebi (Qd). es sidide unda yofiliyo in vivo 

qromatinis toli, magram Qd–s miRebuli monacemebi – 240 j/g, 

300%-iT aRemateboda wina SromebSi miRebul Qd–s (89,93) Tumca VIII 

da IX endoTermebis mixedviT gamoTvlili Qd gvaZlevs 90.5 j/g 

dnm-s, rac emTxveva literaturaSi arsebul monacemebs.  
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sur. 33. a - 2 Tvidan mynosveli virTagvebis ynosvis bolqvebis 

siTbos STanTqmis kalorimetruli mrudebi. 

b - 1 Tvidan mynosveli virTagvebis ynosvis bolqvebis siTbos 

STanTqmis kalorimetruli mrudebi. 

 

sur. 34. a – 2 Tvidan mynosveli virTagvebis hipokampis siTbos 

STanTqmis kalorimetruli mrudebi.  

b – 1 Tvidan mynosveli virTagvebis hipokampis siTbos STanTqmis 

kalorimetruli mrudebi.  
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am gadasvlebis denaturaciuli parametrebia: 

Td(VIII) = 99.4 0C,   ∆Td = 5.3 0C,    Qd= 62.3 ± 0.6 j/g  

Td(IX) = 106 0C,   ∆Td = 5.2 0C,    Qd= 28.8 ± 0.3 j/g  

I – IX endoTermebidan gamoTvlili integraluri siTbo 

ynosvis bolqvebis SemTxvevaSi Seadgens mSrali biomasis 13.03 

j/g-s, xolo hipokampis SemTxvevaSi – 9.91 j/g-s. (cxrili 1) 

cxrili 1. 1 (I jgufi) da 2 (II jgufi) Tvidan mynosveli 

virTagvebis hipokampisa da ynosvis bolqvebis ujredebis 

denaturaciis siTbotevadobebi (a) gram mSral biomasaze 

gadaangariSebiT (j/g) da dekonvoluciuri pikebis temperaturuli 

maqsimumebi (b).  

 

a) Q1 – Q9 –Seesabameba I-IX endoTermebs. Qd–s gazomvis 

cdomileba _ Qd ~ 10%. 

 

ynosvis 

bolqvebi Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q7
1 Q8 Q9 Qint 

kontroli 1.07 3.24 1.42 2.29 0.92 0.4 2.76 - 0.64 0.2 12.94
I jgufi - cda 0.46 2.09 - 1,26 0,24 0.92 0.39 0.43 0.43 - 6.22 
II jgufi - cda 0.14 2.8 2.79 0.58 1.28 1.23 0.38 0.64 0.32 - 10.39
hipokampi            
kontroli 

0,33 2,37 1,68 2,53 0,29 1,76 - - 0.81 0.1
4 9,91 

I jgufi - cda 0.15 0.48 2.32 0.37 0.83 0.89 - 0.84 - 0,1 5.98 
II jgufi - cda 0.43 1.82 3.84 0,65 0,84 0.82 - 0.80 - 0,1 9.3 
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ynosvis 

bolqvebi T1 T2 T3 T4 T5 T6 T7 T7
1 T8 T9 

kontroli 47 53 59 64 70 80 84.5 - 100 107
I jgufi - cda 49 54 - 62 67 73 83 90 97 - 
II jgufi - cda 48 51.5 58 63 68 74 82 90 100 - 
hipokampi           
kontroli 48 53 60 65 70 80 - - 95 108
I jgufi - cda 46 51 60 67 73 80 - 89 - 102
II jgufi - cda 46 53 61 64 72 81 - 92 - 104

 

b) T1 – T9 –Seesabameba endoTermebis maqsimumebs. eqsperimentis 

cdomileba _ Td±1.5 0C 

31 a,b da 32 a,b suraTebze warmodgenilia 1 da 2 Tvidan 

mynosveli virTagvebis hipokampisa da ynosvis bolqvebis 

qsovilebis siTbos STanTqmis mrudebi toluoliT intoqsikaciis 

Semdeg. 

endoTermebis ganlageba da intensivoba kalorimetrul 

mrudebze gviCvenebs, rom toluolis in vivo zemoqmedeba 

gamosakvlevi subujreduli struqturebis stabiluorbaze 

gansxvavebulia da es gansxvaveba ZiriTadad SeiniSneba 95-1150C 

temperaturul intervalSi, sadac mimdinareobs qromatinis 

denaturacia. aris msgavsebac: Qd int orive SemTxvevaSi erTnairad 

mcirdeba. zemoaRwerili monacemebi (sur.28-30 da cxrili 1) 

gviCvenebs, rom Qd int Semcireba xdeba 40-800C intervalSi 

membranebis, cilovani kompleqsebisa da ribonuleoproteinebis  
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denaturaciis xarjze. qromatinis energetikuli wvlili (85-1200C 

intervali) saerTo Qd_Si mcirea  da Seadgens Qd int –is 8%-s. sur.29 

da sur.30-is Sedareba gviCvenebs, rom toluolma gamoiwvia ara 

marto Qd int –is Semcireba, aramed siTbos gadanawilebac IX da 

VIII endoTermebs Soris. garda amisa, siTbotevadobis mrudebze 

(sur.31 a,b da sur.32 a,b) 85-1000C intervalSi Td = 89±10C da Qd = 

0.46 j/g SeiniSneba axali endoTerma _ VII1. VII1-VIII endoTermebze 

gamoTvlili siTbos raodenoba 1 gram dnm-ze Seadgens 90.5±9.0 

j/g es sidide didi sizustiT emTxveva in situ qromatinis Qd–s 

(94,97). Cvens mier miRebuli Qint–is Semcireba 35-50%-iT sacdel 

cxovelebSi igive natiur qsovilebTan SedarebiT mowmobs, rom 

toluoli pirdapir an arapirdapir azianebs citoplazmur 

struqturebs. citoplazmuri struqturebis paralelurad 

ziandeba birTvuli matriqsic da amis Sedegad qromatinis 

maryuJebis matriqsTan mimagrebis adgilebic, ramac unda 

gamoiwvios maryuJebis gaxsna, rac gamoixateba IX endoTermis 

mTlianad gaqrobaSi. rac Seexeba sacdeli cxovelebidan 

aRebuli qsovilebis VII-VIII endoTermebis msgavsebas 

sakontrolo cxovelebis VIII-IX endoTermebTan, es Sedegi 

miuTiTebs, rom birTvul matriqsze mimagrebuli qromatinis 

maryuJebis gaxsnis procesi ar mimdinareobs mniSvnelovani 

siTburi efeqtebis TanxlebiT. 
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amrigad Cven mivdivarT daskvnamde, rom toluoli iwvevs 

subujreduli cilovani struqturebis nawilobriv denaturacias 

da siTbos gadanawilebas qromatinis struqturul domenebs 

Soris (IX,VIII da VII1 endoTermebi). gaCnda mosazreba, rom 

citoplazmuri struqturebis denaturaciis paralelurad 

ziandeba birTvuli matriqsic, rac iwvevs qromatinis maryuJebis 

gaxsnas. toluolis inhalaciiT gamowveuli damazianebeli 

efeqti vlindeba ynosvis bolqvebisa da hipokampis 

kalorimetruli meTodiT Seswavlis Sedegad. vinaidan es meTodi 

qsovilis jamuri siTbotevadobis cvlilebis gansazRvris 

saSualebas gvaZlevs, SeuZlebelia calke gamovyoT neironebSi 

mimdinare procesebi. miuxedavad amisa, kalorimetruli meTodiT 

miRebuli Sedegebi saSualebas gvaZlevs davaskvnaT, rom ynosvis 

bolqvebis SemTxvevaSi neironebis dakargvasTan erTad jamuri 

siTbotevadoba  mcirdeba orive asakobriv jgufSi, xolo 

hipokampSi _ mxolod axalgazrda cxovelebSi [103]. 

Tu mxedvelobaSi miviRebT imas, rom Cvens mier miRebuli 

jamuri siTbotevadobis Semcireba 35-50%-iT natiur qsovilebTan 

SedarebiT miuTiTebs intoqsikaciis Sedegad subujreduli 

cilovani struqturebis nawilobriv denaturaciasa da birTvuli 

matriqsis dazianebaze, aSkara xdeba toluoliT intoqsikaciis 

pirobebSi mimdinareobs ujredebis dakargvis an daRupvis 

xelSemwyobi procesebi. 
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d a s k v n e b i 

miRebuli Sedegebis sfuZvelze SeiZleba gavakeToT Semdegi 

daskvnebi: 

1. mikrokalorimetruli gazomvebis safuZvelze naCvenebia, rom 

hemoglobini sisxlis SemadgenlobaSi dneba or stadiad. 

denaturaciis parametrebia: mTavari pikis: Tm =650C, ∆Td=5.0
0C da 

∆H = 7.8 j/g, maRaltemperaturuli pikis: Tm =790C, ∆Td=8.2
0C, 

∆H=3.4 j/g.  

2. hemoglobinis molekulis maqsimaluri stabiluroba da 

kooperatiuloba xsnarebSi aRiniSneboda pH 6.35-ze, xolo 

koncentraciis mixedviT _ 38%-is dros.   

3. Seswavlilia dnm-TOEPyP-is da dnm-ZnTOEPyP-is spiral-

gorgalis gadasvlis Termodinamikuri parametrebi. naCvenebia, 

rom porfirini warmoadgebs dnm-is mastabilizebel agents. 

maqsimaluri Termostabiluroba SeiniSneba woniTi 

Sefardebisas _ r = 0.09. am SemTxvevaSi mTavari pikis wanacvleba 

maRal temperaturebisaken Seadgens 3.00C, xolo satelituri 

fraqciebisaTvis _ 120C. ∆Hm _ integraluri siTbo izrdeba 

44.7±4.2 j/gr-dan 51±5-j/gr-mde.  

4. porfirini ebmeba dnm-s AT da GC wyvilebTan, magram mierTebis 

xarisxi gacilebiT didia GC wyvilebTan, ris Sedegadac 

SeiniSneba dnm-porfirinis kompleqsis dnobis intervalis 

mniSvnelovani gafarToeba.  

5. gansazRvrulia ynosvis bolqvebisa da hipokampis qsovilis 

siTburi denaturaciis parametrebi. dadgenilia, rom am 

qsovilebSi qromatinis denaturacia mimdinareobs or etapad 

da misi parametrebia: ynosvis bolqvebisaTvis: Tm (VIII) = 99.4 
0C, 

Qd (VIII) = 62.3 ± 5.8 j/gr dnm,  Tm (IX) = 106
0C, Qd (VIII) = 28.8 ± 0.4 j/gr 
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dnm; hipokampisaTvis: Tm (VIII) = 95
0C, Qd (VIII) = 62.0 ± 9 j/gr dnm, Tm 

(IX) = 1070C, Qd (VIII) = 29 ± 4.5 j/gr dnm. 

6. naCvenebia, rom toluoli iwvevs cvlilebebs citoplazmur 

struturebSi, arahistonur birTul cilebsa da birTvul 

matriqsSi, rasac Tan axlavs qromatinis maryuJebis 30 nm-iani 

fibrilebis gaSla. 
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dabolos, didi madloba minda gadavuxado Cems samecniero 

xelmZRvanels, fiz.-maT. mecnierebaTa doqors, baton j. 

monaseliZes Cems mimarT gamoCenili didi yuradRebisaTvis, 

agreTve biologiuri sistemebis fizikis ganyofilebis yvela 

TanamSromels, saintereso rCevebisa da daxmarebisaTvis. 



 112   

gamoyenebuli literatura: 

 

1. Friedman JM. Structure, Dynamics, and Reactivity in Hemoglobin. Science., 

vol.228, 1260-1333. (1985)  

2. Dare F., Makinde O., Faasuba O. The Obstetric Performance of Sickle Cell 

Disease Patients and Homozygous Hemoglobin C Disease Patients. Int J 

Gynaecol Obstet., 37(3), 163-8. (1992)  

3. Fairhurst R., Casella J. Homozygous Hemoglobin C Disease. N Engl J Med., 24, 

350-354. (2004)  

4. Perutz M. Regulation of Oxygen Affinity of Hemoglobin: Influence of Structure 

of the Globin on the Heme Iron. Annual Review of Biochemistry., v.48, 327. 

(1979) 

5. Srinivasan R., Rose G. The T-to-R Transformation in Hemoglobin: a 

Reevaluation.  Proc Natl Acad Sci., v. 91(23), 11113–11117. (1994) 

6. Martin K., Safo N., Carmen M., James C., Burnett J. High–resolution Crystal 

Structure of Deoxy Hemoglobin Complexed with a Potent Allosteric Effector. 

Protein Science., 10, 951-957. (2001) 

7. Privalov P.L. Small Globular Proteins. Advances in protein Chemistry., vol.33, 

167. (1979) 

8. Khechinashvili N.N. Thermodinamic Properties of Globular Proteins and the 

Princioke of Stabilization of their Native Structure. Institute of Biological 

Physics, Pre-print., vol. 74. (1989) 

9. Fail V., Privalov P. Conformational Changes of Proteins. In Book. 

Biokhimicheskaya Termodinamika. Moscow, Mir., 103. (1982) 



 113   

10. Wadso I. New technicues in Biophysics and Cell Biology. R.H.Pain & B.J. 

Smith edition. 85. (1975) 

11. Chikvashvili R.I., Monaselidze J.R., Chkhaidze M. et al. Microcalorimetric 

Study of Hemoglobin in the Wide Range of PH and Polymer Concentration. XIX 

Yugoslav Symposium on Biophysics and Satellite Symposium “Medical 

Bioacoustics”., p. 65, Saraevo – Igman. (1983). 

12. Eichhorn G., Marzilli L., Marzilli P. Metal Ions in Genetic Information Transfer.  

In Book. Pub: New York : Elsevier/North-Holland, (1981) 

13. Duguid J., Bloomfield V., Benevides J., Thomas G. Raman spectroscopy of 

DNA-metal complexes. I. Interactions and conformational effects of the divalent 

cations: Mg, Ca, Sr, Ba, Mn, Co, Ni, Cu, Pd, and Cd. Biophysical Journal, Vol 

65, 1916-1928. (1992) 

14. Volkenshtein M.V. Structure and Physical Properties of Molecules.   In Book. -

Molekuliarnaya Biofizika. Publishing House: “Nauka”, Moscow, 113-123. 

(1975)   

15. Setlow R., Pollard E. Intermolecular Interractions. In Book, Molecular 

Biophysics. New York: Macmillan, 245-266. (1962) 

16. Horton N., Etzkorn C. Ca2+ Binding in the Active Site of HincII: Implications 

for the Catalytic Mechanism. Biochemistry, vol. 43, 13256-1327. (2004)   

17. Andronikashvili E. Malignation and Changes of Physical and Chemical 

Properties of Biomacromolecules and Supermolecular Structures. Biofizika., 

vol.5, 782-799. (1987) 



 114   

18. Monaselidze J., Kalandadze Ia., Chanchalashvili Z., Majagaladze G. Thermal 

Properties of Chromatin in vivo Interaction with cis[Pt(CuO)2(CuOH)2]. 

Biofizika, vol. 37, 43-47. (1992) 

19. Sutherland B., Sutherland J. Probes of DNA Structure and Interactions Effects of 

Copper II on Ultraviolet-Induced Pyrimidine Dimer Formation. Biophys J. vol. 

9(11), 1329–1336. (1969) 

20. Duguid J., Bloomfield V. Electrostatic effects on the stability of condensed DNA 

in the presence of divalent cations. Biophys J. vol. 70(6), 2838–2846. (1996) 

21. Zenger V. Principles of the Structural Organization of Nucleinic Acids. In Book, 

Lehninger A. Principles of Biochemistry. Publishing House: Mir., 257-264. 

(1974) 

22. Mironov A. Structure of Porphyrin. In Book, Encyclopedia of Chemistry., 

Publishing House: Mir., vol.4, 144-149. (1995) 

23. Dougherty T., Kaufman J., Goldfarb A., Weishaupt K.  Photoradiation Therapy 

for the Treatment of Malignant Tumors., Cancer Research, Vol 38(8) 2628-2635. 

(1978) 

24. Shimanovich R., Groves1 J.  Mechanisms of Peroxynitrite Decomposition 

Catalyzed by FeTMPS, a Bioactive Sulfonated Iron Porphyrin.  Archives of 

Biochemistry and Biophysics., Vol. 387 (2), 307–317. (2001) 

25. Lipson R., Baldes E., Olsen A. The Use of a Derivative of Hematoporhyrin in 

Tumor Detection. J Natl Cancer Inst. vol.26, 1–11. (1961) 

26. Lipson R., Baldes E., Olsen A. Further Evaluation of the Use of 

Hematoprophyrin Derivative as a New Aid for the Endoscopic Detection of 

Malignant Disease. Dis Chest. 46, 676–679. (1964) 



 115   

27. Kobayashi N., Numaoa M.; Komdo R.; Nakajima S.  Planar Binuclear 

Tetrabenzoporphyrin and its Dicopper Derivative. Inorg Chem., vol. 30 (9), 

2241-2244. (1991) 

28. Huff A.; Chang C.; Cooper K.; Smith K., Dawson J. Imidazole-Ligated and  

Alkylamine-Ligated  Iron (II, III) Chlorin Complexes. . Inorg Chem 32 (8), 

1460-1466. (1993) 

29. Bennett B.,  Schroder H., Leitman D., Waldman S., Murad F. Glyceryl 

Trinitrate-Induced Desensitization of Guanylate Cyclase in Cultured Rat Lung 

Fibroblasts. J Pharmacol Exp Ther. Vol. 245, 413–418. (1988) 

30. Morgan A., Selman R. Steven H. Porphyrin Derivatives., J.C.S. vol. 2. 1660-

1670. (1992) 

31. Nappa M., Valentine J. The Influence of Axial Ligands on Metalloporphyrin 

Visible Absorption Spectra. Complexes of Tetraphenylporphynatozinc.,  

J. Am. Chem. Soc., vol.100, 5075–5080. (1998) 

32. Wessels J., Nuesse M. Possible Use of Porphycenes as a Membrane Marker for 

Flow Cytometric Detection of Micronuclei. Cytometry, vol.6, 16-20. (1993) 

33. Kornberg R.D. Chromatin structure: A Repeating unit of Histones and DNA. 

Science, vol. 184, 868-871. (1974) 

34. Olins A., Olins D. Spheroid Chromatin Units. Science, vol.183, 868-871. (1974) 

35. Wang J.C.  The Path of DNA in the Nucleosome. Cell, vol. 29, 724-726 (1982) 

36. Luger K., Mader A.., Richmond R. X-ray Structure of the Nucleosome Core 

particle at 2.8 Å Resolution. Nature. Vol.389, 251-260. (1997) 

37. Rhodes D. Chromatin Structure: The Nucleosome Core All Wrapped Up. 

Nature, 389, 231-233. (1997) 



 116   

38. McGhee J., Fenselfeld G. Nucleosome Structure. Ann.Rev. Biochem., Vol. 59, 

1115-1156. (1990) 

39. Sperling J., Sperling R. Photochemical Cross-Linking to DNA Nucleosomes. 

Nucleic Acids Res. Vol.5 (8), 2755-27773. (1978) 

40. Redon Ch., Pilch D., Rogakou E. Histone H2AX and H2AZ. Current Opinion in 

Genetics and Development., Vol.12. 162-169. (2002) 

41. Shick V.V., Belyavski A.V., Bavykin S.G., Mirzabekov A.D. Primary 

Organization of the nucleosome core particles. Sequential Arrangement of 

histones along DNA. J.Mol. Biol., v.139, p.519-536. (1980) 

42. Belyavski A.V., Bavykin S.G., Goguadze E.G., Mirzabekov A.D. Primary 

Organization of nucleosome containing all Five Histones and DNA 175 and165 

Base-pairs long. J. Mol.Biol., vol.139, 519-536. (1980) 

43. Bently G.., Finch J., Lewit-Bently A. Neutron Diffraction Studies on Crystals of 

Nucleosome Cores Using Contrast Variation. J.Mol.Biol., v.155,p.771-784. 

(1991) 

44. Maryshige K., Bonner J. Template Properties of Liver Chromatin.  

Intermolecular Interractions. .. In Book, Molecular Biophysics. New York: 

J.Mol.Biol., v.17,160-174. (1966) 

45. Bonner J., Huang R. Properties of Chromosomal Nucleohistones. J.Mol.Biol., 

v.6, 169-174. (1963) 

46. Fulmer D., Fasman G. Ionoc Strength Dependent Conformational Transitions of 

Chromatin. Circular Dichroism and Thermal Denaturation Studies. 

Biopolymers., v. 18, 2875-2891. (1979) 



 117   

47. Monaselidze J.R., Majagaladze G.V., Chikvashvili R.I., Kalandadze Ya.L 

Differential Scanning Microcalorimeter for the Investigation of Complex 

Biological Systems.  XIX Yugoslav Symposium on Biophysics and Satellite 

Symposium “Medical Bioacustics”, Sarajevo-Igman, p.68 (1988) 

48. Goldbloom D., Chouinard G. Schizophreniform psychosis associated with 

chronic industrial toluene exposure: case report. J. Clin. Psychiatry., 46, 350-351 

(1985) 

49. Damasceno B., de Capitani E. Cerebelar Atrophy Related to Chronic Exposure 

to Toluene. Arquivos de Neuro-Psiquiatria, vol. 52, 90-92, (1994). 

50. Meulenberg C., Silverberg H. Selective Inhibition of Gamma-Aminobutyric 

Acid Type a Receptors in Human IMR-32 Cells by Low Concentrations of 

Toluene Toxicology., 190(3), 243-248. (2003) 

51. Wu P., Hoven C., Liu X., Cohen P., Fuller C. Substance Use, Suicidal Ideation 

and Attempts in Chieldreb and Adolescents. Suicide Life Threat Behav. Vol. 34, 

408-20. (2004) 

52. Riegel a., French E. Abused Inhalants and Central Reward Pathways: 

Electrophysiological and behavioral Studies in the Rat Ann N Y Acad Sci., 

vol.965, 281-291. (2002) 

53. Pierce C., Chen Y., Hurtle W., Morgan M. Exponential Modeling, Washout 

Curve Reconstruction, and Estimation of Half-life of Toluene and its 

Metabolites. J Toxicol Environ Health A., vol.67, 1131-58. (2004) 

54. Pitarque  M., Vaglenov  M., Nosko A., Hirvonen H., Norpa H. Evaluation of 

DNA Damage by the Comet Assay in Shoe Workers Exposed to Toluene and 

other Organic Solvents. Mutation Research., vol. 441, 115-127. (1999) 



 118   

55. Thiesen, FV, Barros H.M. Measuring Inhalant Abuse among Homeless Youth in 

Southern Brazil. J.Psychoactive Drgas. Vol. 36 (2), 201-205 (2004)  

56. Ryu Y., Lee J., Yoon P.,  Jeon P. Cerebral Perfusion impairment in a patirnt with 

Toluene Abuse. J Nucl Med., vol. 39, 632-633. (1998) 

57. Kyrklund, T., Kjellstrand P., Haglid K. Brain Lipid Changes in Rats Exposed to 

Xylene and Toluene. Toxicology., vol.45, 123-133. (1987) 

58. Kyrklund T., Haglid K. Brain Lipid Changes after Organic Solvent Exposure. 

Ups. J. Med. Sci. Suppl. Vol. 48, 267-277. (1990) 

59. Atay A., Kismet E., Turkbay T. Bone Mass Toxicity Associated with Inhalation 

Exposure to Toluene. Biol Trace Elem Res., 105(1-3), 197-203 (2005) 

60. Hildenbrand F., Schulz C., Sick V., Josefsson G., Magnusson I.  Laser 

Spectroscopic Invesitigation of Flow Fields and NO-formation in a Realistic SI 

Engine.  SAE Technical Paper Series. vol. 98. 148-151. (1998) 

61. Von Euler M., Pham T., Hillefors M. Inhalation of Low Concentrations of 

Toluene Induces Persistent Effects on a Learning Retention Task, Beam-walk 

Performance, and Cerebrocortical Size in the Rat. Exp. Neurol., vol.163, 1-8. 

(2000) 

62. Calderon-Guzman D., Hermandez-Islas J., Juares-Olguin H. Effect of Toluene 

and Cresols on Serotonin in Rat Brain. Regul Toxicol Pharmacol., vol. 45, 1-5. 

(2005) 

63. Mollenhauer H., Morre D. Pikaard D., Clark D. An Ultastructural Evaluation of 

Toluene Toxicity using Cultured Mammalian Cells. J Submicros Cytol Path. 

Vol. 22, 523-527. (1990) 



 119   

64. Dolgo-SaburovV. Role of Cholinreactive Systems Regulation of Cell Genetic 

Apparatus. Pharmacol and Toxicol., vol. 1, 5-10. (1982) 

65. Nakaia N., Murata M., Nagahama M., Hirase T. Oxidative DNA Damage 

Induced by Toluene is Involved in its Male Reproductive Toxicity. Free Radic 

Res., vol. 37, 69-76. (2003) 

66. Drabkin D., The Crystallographic and Optical Properties of the Human 

Hemoglobin in Comparison with those of other Species. JBC., vol. 164, 703. 

(1946) 

67. Drabkin D., A Simplified Technique for a Large Skale Crystallization of Human 

Oxyhemoglobin. Isomorphous Transformations of Hemoglobin and Myoglobin 

in the Crystalline State. Archives of Biochemistry and Biophysics., vol. 21, 224. 

(1949) 

68. Chikvashvili R., Chkhaidze M. Microcalorimetric Examination of Hemoglobin 

in Healthy People and Patients with Leucosis. The First USSR Conference 

“Biofizika Raka”. Chernogolovka. p.148. (1987). 

69. Dodge J., Mitchell C., Hanahan D. The Preparation and Chemical Charastiristics 

of Hemoglobin-Free Ghosts of Human Red Blood Cells. ABB., vol.100, 119. 

(1963)   

70. Chkhaidze M., Monaselidze J., Haroutiunian S.G., Gevorkian S.G., Vardanyan 

V.I. Microcalorimetric Investigation of Water Soluble DNA-TOEPyP and DNA-

Zink TOEPyP Complexes. Bull.Georg.Acad.Sci., vol.174, No.1, 143-145. (2006) 

71. Monaselidze J., Majagaladze G., Chikvashvili R. Differential Microcalorimeter. 

Author’s Certificate # 1267175, USSR. (1986) 



 120   

72. Tsanev R., Markov G. Quantitative Definition of Nucleic Acids. Biokhimya., 

vol.25, 151. (1960) 

73. Topchishvili L., Barbakadze Sh., Khizanisvili A. Quantitative Analysis of 

Polymers.  Biomacromolecules., vol.3 (3), 4315-420. (2002) 

74. Privalov. P., Monaselidze J., Mrevlishvili G., Majagaladze G. Intermolecular 

Heat of Fusion of Macromolecules. J. Experimental Theoretical Physics 

(USSR)., vol. 47, 2073-2079. (1964)  

75. Gill S.J., Beck K. Differential Calorimeter for Measurements of Heat 

Transformation of Polymers. Rev.Sci. Inst., vol. 36, 274-276. 

(1965)Monaselidze J. et al. Biofizika., vol. 5, 950. (1977) 

76. Privalov P., Plotnikov V. Adiabatic Differential Microcalorimeter. Certificate of 

Authorship@# 328776. (1974)Boguslav S., Troxler R., Teeter M. Crystal 

Structure of C-Phycocyanin. Biophys J. vol. 76, 2912-2921. (1999) 

77. Privalov V. Advanced Protein Chemistry., vol. 39, 191-231. (1988) 

78. Boguslav S., Troxler R., Teeter M. Crystal Structure of C-Phycocyanin. Biophys 

J. vol. 76, 2912-2921. (1999) 

79. Chpthio C. J.Mol. Biol., vol.104, 1-14. (1976) 

80. Privalov P., Makurin P., Plotnikov V., Koriagin V., Polpudnikov V. Differential 

Adiabatic Microcalorimeter. Certificate of Authorship@# 276465. (1968) 

81. Hinz H., Privalov V. europ. J. Biochem., vol. 72, 79-86. (1977) 

82. Privalov P., Makurin P., Plotnikov V., Koriagin V., Polpudnikov V. Differential 

Adiabatic Microcalorimeter. Certificate of Authorship@# 276465. (1968) 

83. Monaselidze J. et al. Biofizika., vol. 5, 950. (1977) 



 121   

84. Starodub N. Alkaline Denaturation of Fractions of hemoglobin of rats. Molecular 

Biology., vol. 20, 32-35. (1978) 

85. Polet h., Steinhardt J. Sequential Stages in the Acid denaturation of Horse and 

Human Ferrihemoglobin. Biophysics., vol. 8, 857-859. (1969) 

86. Andronikashvili E., Bregadze V., Monaselidze J. Metal Ions in Biological 

Systems, vol. 23, 331. (1988) 

87. Sari M., Battioni J., Dupre D., Mansuy D. Interaction of Cationic Porohyrins 

with DNA. Biochemistry. Vol.29. 17-21. (1990) 

88. Pasternack R., Ewen S., Rao A,. Meyer A., Freedman M., Collings P., Frey S., 

Ranen M., Paula J. Interactions of Copper (II) Porphyrins with DNA. Inorg 

Chem Acta, vol.317, 59-71. (1998) 

89. Marzilli L., Banville D., Zon G., Wilson W. Pronounced H-1 and P-31 NMR 

Spectral Changes on Meso-tetrakis(N-methylpyridinium-4-yl)Porphyrin Binding 

to Poly[d(G-C)]·Poly[d(G-C)] and to 3-Tetradecaoligodeoxyribonucleotides: J. 

Am. Chem. Soc., vol.108, 4188-4192. (1986) 

90. Strickland J., Marzilli L., Wilson W.  Binding of Meso-tetrakis Porphyrin 

isomers to DNA: Quantitative Comparison of the Influence of Charge 

Distribution and Copper (II) Derivatization. Biopolymers., vol.29, 1307-1323. 

(1990) 

91. Bennett M., Krah A., Wien F., Garman E, Mckenna R., Saderson M. A DNA-

Porphyrin Minor-groove complex at Atomic Resolution. The Structural 

Consequences of Porphyrin Ruffling. Proc. Nat. Acad. Sci., vol.10, 1073-1079. 

(2001) 



 122   

92. Dougherty T., Gomer Ch., Henderson B. Photodynamic Therapy. J.Nat.Cancer 

Inst. 90, 899-905. (1988) 

93. Majagaladze G., Khachidze D., Barbakadze Sh., Birkaia B., Meskhi T., 

Chkhaidze M., Monaselidze J. Microcalorimetric Study of poly[d(A-T) d(A- T)] 

at Very Low Concentrations of Peptide Bioregulator Prostomax. 

Bull.Georg.Acad.Sci., vol.172., # 3, 546-549. (2005) 

94. Privalov. P., Monaselidze J., Mrevlishvili G. Intermolecular Heat of Fusion of 

Macromolecules. J. Experimental Theoretical Physics (USSR)., vol. 47, 2073-

2079. (1964) 

95. Balbi. C., Abelmoshi M., Parody S., Barboro R. Structural Domains and 

Conformational Changes in Nuclear Chromatin: Quantitative Thermodynamic 

Approach of Differential Scanning Calorimeter. Biochemistry., vol. 28, 3220-

3229. (1989) 

96. Barboro P., Pasini A., Parodi S., Balbi C. Chromatin Changes in Cell 

Transformation. A Differencial Scanning Calorimetry Study.Biochemical 

Journal., 65, 1690-1699. (1993) 

97. Andronikashvili E., Bregadze V., Monaselidze J. Interactions between Nickel 

and DNA. In Book: Metal Ions in Biological Systems, New York, Vol. 23, 331. 

(1988) 

98. Monaselidze J., Chanchalashvili Z., Mgeladze G., Majagaladze G. Thermal 

Properties of Intact Nucleoproteids J. Polymer Sci. vol. 69, 17-20. (1981) 

99. Kyrklund T., Haglid K. Brain Lipid Changes after Organic Solvent Exposure. 

J.Med. Scu Suppl. Vol. 48, 267-77 (1990) 



 123   

100. Nakaia N., Murata M., Nagahama M., Hirase T. Oxidative DNA Damage 

Induced by Toluene is Involved in its Male Reproductive Toxicity. Free Radic 

Res., vol. 37, 69-76. (2003) 

101. Fulmer D., faman G. Ionic Strength-Dependent Conformational Transition of 

Chromatin. Circular Dichroism and Thermal Denaturation Studies. 

Biopolymers., v.18, 2845-2851.(1979) 

102. Barboro P., Pasini A., Parodi S., Balbi C. Chromatin Changes in Cell 

Transformation. A Differencial Scanning Calorimetry Study.Biochemical 

Journal., 65, 1690-1699. (1993) 

103. Barbakadze Sh., Kiladze M., Kvavadze R., Chkhaidze, M.,  Monaselidze J., 

Gelazonia L., Svanidze I. Toluene Influence on Stability of White Rat 

Hippocampus and Bulb Nodules Chromatin in vivo. Biophysics, Vol. 50, No. 6, 

140–144. (2005). 

 

 
  

 

 

 

    

 

 

  

 


